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ABSTRACT

Pre-eclampsia is a hypertensive disorder of pregnancy that affects both the mother and her
unborn baby. It is the leading cause of maternal and infant morbidity & mortality. The specific
aetiology of pre-eclampsia still remains unclear. Research suggests that the primary pathology
of preeclampsia is defective placentation which may be caused by many factors including

infectious agents.

Accordingly, the objective of this thesis was to study the viruses, bacteria and fungi present in
the placental tissues of women with pre-eclampsia and normotensive pregnant women using
molecular genetic techniques. Placental tissue, amniotic fluid, blood and urine samples were
collected from 55 primiparous women with pre-eclampsia and 55 primiparous normotensive
pregnant women matched for age and body mass index at the time of delivery by caesarean

section under stringent aseptic conditions.

The study was carried out in two phases. In phase 1, a 500bp fragment of the 16S and 28S
rRNA genes were amplified and Sanger sequenced for the detection of bacteria and fungi
respectively. Viral metagenomics was employed for the detection of viruses. In the presence of
mixed infections, the amplified 16S and 28S rRNA genes were cloned and sequenced. In
addition to the placental tissue samples, amniotic fluid, blood and urine samples were also
tested for the presence ofbacteria and fungi. In phase 2 of the study the placental tissue samples
that were positive for bacteria were further studied using 16S metagenomics technology on an

[llumina MiSeq Next Generation platform.



At the end of phase 1, 7(12.7%) placental tissue samples of the 55 women with preeclampsia
were positive for the presence of bacteria and identified as Bacillus cereus in 1 (14.2%),
Bacillus circulans in 1 (14.2%), Stenotrophomonas in 1 (14.2%), Pseudoxanthomonas in 1
(14.2%), Klebsiellapneumonia in 2 (28.5%), Bacillus sp. in 4 (57.1%), Lactobacillus iners in
1(14.2%) and uncultured bacteria in 3(42.8%). The detection of bacteria in the placental tissue
samples were statistically significant (P=0.006). One (1.8%) placental tissue sample obtained
from a woman with preeclampsia was positive for the presence of fungi which was identified
as Malassezia restricta. However none (0%) ofthe women with preeclampsia were positive for
the presence of viruses. Similarly, none (0%) of the placental tissue samples obtained from

normotensive pregnant women had bacteria, fungi or viruses.

In addition, 1(2%) of the 48 amniotic fluid samples, 3 (5.5%) of 54 blood samples and 8
(14.5%) of the 55 urine samples obtained from women with preeclampsia were positive for the
presence of bacteria. Nine (16%) ofthe 55 urine samples obtained from normotensive pregnant
women had bacteria. All amniotic fluid, blood and urine samples obtained from women with
preeclampsia and normotensive pregnant women were negative for the presence of fungi. At

the end ofphase 2, complete microbiome ofthe 7 placental tissue samples was obtained.

This study confirms the presence of bacteria in the placental tissues of a subset of women with

pre-eclampsia and support the role of bacteria in the multi factorial aetiology of pre-eclampsia.
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1 INTRODUCTION

1.1 Definition o f‘Pre-eclampsia’

The hypertensive disorders of pregnancy are conditions associated with high blood pressure,
proteinuria and in certain cases convulsions during pregnancy. The International Society for
the Study of Hypertension in Pregnancy (ISSHP) defined pre-eclampsia for research purposes
as de novo occurrence ofhypertension (systolic blood pressure (SBP) >140 mmHg and diastolic
blood pressure (DBP) >90 mmHg) on two occasions 6 hours apart occurring after 20 weeks of
gestation in apreviously normotensive pregnant woman, which returns to normal by the end of
the third month postpartum, in association with proteinuria (>300 mg in a 24 hour collection
or >500mg/L on a spot urine collection or >30 mg protein/mmol creatinine in a spot urine
collection or, failing other measurement, >1+ on dipstick testing) (Brown, 2001, Dissanayake

et al., 2004) not associated with urinary tract infection or ruptured membranes.

The presence of oedema, which was used in the past as a necessary feature for the diagnosis of

pre-eclampsia is no longer being used and has now been removed from both clinical and

research definitions as it is not specific to the condition.
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1.2 Importance of pre-eclampsia

1.2.1 Morbidity, mortality and incidence of pre-eclampsia in Sri Lanka

Sri Lanka is a small country with a land area of 62700 km2 and a population of approximately
20 million. The population of females in Colombo the capital of Sri Lanka, is estimated to be
around 1.2 million and female literacy is around 89.7% (Statistics, 2005). The gross national
income per capita approximates to US$ 1540. Whilst 1.8% of the gross domestic product is
spent on health care, the spending on maternal and child health remains at 0.23% (Senanayake

et al.,, 2011).

During the year 2010, Colombo has recorded 56,326 live births with a population growth rate
of 1.4 (UNFPA, 2007). Pregnancy or the expectant arrival of a new baby is an important phase
of life, not only for the mother to be, but also for the whole family, and will remain a unique
eventin any culture. The mother to be and families rejoice with the greatest gift mankind would
ever receive. To have hopes dashed and lost forever due to the loss of a life of the mother or
child and in certain instances ofboth as aresult of complications that arise during the pregnancy

period remains a massive concern for the entire world.

For decades, hypertension during pregnancy has been one of the leading causes for maternal
deaths in Sri Lanka (Prathapan, 2012). Pre-eclampsia remains a vital and a more complicated
disorder not only due to the deaths associated with the condition but the permanent damage it

could cause to certain cmcial organs of the mother.
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Pre-eclampsia is not a stranger or arecent discovery in Sri Lanka. According to Senevirathne,
2009, the first publication on eclampsia in Sri Lanka appeared in the Ceylon Medical Journal
in the year 1891 in which Attygalle and Neli provided a classical description on pre-eclampsia/
eclampsia, the natural progression related to the disease and management. Maternal deaths due
to hypertension during the period 1931 to 1935 ranged between 57 to 81.45% which has
gradually decreased to 11.8% by 1940 due to improvements in antenatal care (Senevirathne,

2009).

The maternal mortality rate of Sri Lanka (Figure 1.1) stood at 33.4 per 100,000 live births in
2008 (Senanayake et al., 2011) and infant mortality rate stood at 12 per 1000 live births during

the year 2003 (Statistics, 2005).

Figure 1.1 Maternal mortality ratio of Sri Lanka 1995-2008

The maternal mortality rate of Sri Lanka was high at 61 per 100,000 live births in 1995 and has
decreased to 33.4 per 100,000 live births in 2008. Annual Maternal Mortality Review, Family
Health Bureau, Colombo, Sri Lanka (Senanayake et al., 2011)
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Hypertensive disorders accounted for 10.3% of maternal deaths in 1997 (Family Health FHB,
1998). In 2007 maternal deaths were reported as 7% (Figure 1.2) against neonatal deaths of

24% (Senanayake et al., 2011).

Figure 1.2 Causal trends of maternal mortality in Sri Lanka 1997-2007

PPH, Post-Partum Haemorrhage; PIH, Pregnancy Induced Hypertension. In year 2007 the
Pregnancy Induced Hypertension remains the fourth most common cause of maternal deaths
accounting for 7%. Annual Maternal Mortality Review, Family Health Bureau, Colombo, Sri
Lanka, unpublished data (Senanayake et al., 2011)

A study carried out in 2007 reported that many women with pre-eclampsia had severe
pregnancy complications where, 75.5% ofwomen had systolic blood pressure of> 160mmHg,
83.8% ofwomen had diastolic blood pressure of > 1IOmmHg and 87% of women suffered of
proteinuria > 3+. The report also indicated that 38.3% of women delivered at <34 weeks and
48% of babies bom to women with pre-eclampsia were small for gestational age. The study
which had been carried out at two tertiary care hospitals in Sri Lanka had an incident of one

maternal death and 25% ofhigh prenatal mortality rate (Dissanayake et al., 2007).
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It is observed that Sri Lanka has progressed satisfactorily in maternal health care over the years.
It is believed that free health care services and free education facilities available in Sri Lanka
has contributed immensely towards such achievements. However a substantial amount of
pregnancy related complications associated with pre-eclampsia remains yet to be addressed
and needs to be addressed soon (Dissanayake, 2004, Zhang, 2003). Pre-eclampsia in the

meantime continues to contribute to nearly 50% of maternal deaths (Attygalle, 2011).

Early onset of pre-eclampsia under normal circumstances is related to an enhanced risk of
potentially fatal complications such as eclampsia, haemolysis, elevated liver enzymes and
placental abruption (van Rijn et al., 2006) and as of date pregnancy induced hypertension
remains the fourth commonest cause for maternal deaths in Sri Lanka as indicated in Figure
1.2. Pre-eclampsia is responsible for severe morbidity and mortality caused by ‘latrogenic
Prematurity’. The only known ‘cure’ for such adverse conditions remains delivery of the baby
or the placenta. Many babies bom to mothers whose pregnancies are complicated with pre-
eclampsia undergo pre-term delivery with severe neonatal morbidity and mortality risks

(Senanayake et al., 2011).

This situation highlights the need for special care and attention for the mothers and babies in
pregnancies complicated with pre-eclampsia. In a study carried out in Sri Lanka, 34% ofinfants
reported to have been bom to women with pre-eclampsia required special care (Jayawardana,
1994). The Perinatal Mortality Rate (PMR) in Sri Lanka accounted for 25% in 2004
(Dissanayake, 2004) and 24% in 2011 (Senanayake etal., 2011). This is comparatively high to
the PMR of the west which remains at 5% (Zhang, 2003). Under these circumstances, the

necessity to further reduce the maternal and neonatal morbidity and mortality in Sri Lanka

22



remains a priority. Itis a fact that Sri Lanka is yet a long way away in reaching its goal towards
achieving a single digit maternal mortality rate providing safe motherhood to all women

(Prathapan, 2012).

1.2.2 Morbidity, mortality and incidence of pre-eclampsia globally

“Life is precious in all context and no woman should die giving life” (UNFPA, 2007). Safe
motherhood is aright of every woman and it is unacceptable when pregnancy Kkills. Itis indeed
distressing to note that everyday around 800 women worldwide die from pregnancy and child
birth related complications (WHQO, 2012). Every year, 10-15 million women suffer from the
aftermaths ofpregnancy related complications and pre-eclampsia remains one ofthe key causes
of maternal death (UNFPA, 2007). It is estimated that pre-eclampsia is responsible for 50,000
maternal deaths (WHO, 2011) and 5-7% of all pregnancy complications worldwide annually
(Sarsam et al.,, 2008, Wagner, 2004, Thangaratinam et al.,, 2008, Gaillard et al., 2011b,
Ghulmiyyah and Sibai, 2012). Though many studies exist on the incidence of pre-eclampsia,
assessing the epidemiology of the disease or the incidence of hypertensive disorders of

pregnancy remains somewhat difficult due to the inadequate standards followed (Dolea, 2003).

However the impact of the disease is felt more severely in developing countries in comparison
to the developed countries (Adamu et al.,, 2003, Osungbade and Ige, 2011, Igberase and
Ebeigbe, 2006, Irgens et al., 2001). A woman is 7% more likely to develop pre-eclampsia in
developing countries compared to the developed countries and ten million women develop pre-
eclampsia each year around the world (Preeclampsia_Foundation, 2013). The risk of severe
morbidity associated with hypertension in pregnancy is estimated to be ten times higher than

the maternal mortality rate (Kuklina et al., 2009).
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In the United States pre-eclampsia isresponsible for around 6-10% ofpregnancy complications
and accounts for 15.9% of maternal deaths (Backes et al., 2011). Also, the number of women
hospitalized due to pregnancy induced hypertension including pre-eclampsia is on the increase
in the United States day by day and the majority of the cases are associated with severe
obstetrics morbidity. A study carried out during the period 1998- 2006 reveals that women
hospitalized for hypertension had a higher risk of adverse pregnancy complications compared
to the normotensive pregnant women being hospitalized (Kuklina et al., 2009). In African,
Latin American and the Caribbean countries it was responsible for 20-25% maternal deaths
(Duley, 1992). Recent reports indicate an incidence rate of 3.3% in Australia (Thornton et al.,
2013). Nigeria has a prevalence rate between 2 to 16.7% with pre-eclampsia being the major
cause of maternal deaths (Osungbade and Ige, 2011). In Nigeria the risk of maternal death due
to pregnancy complications is about 1in 7 whilst in Ireland it remains at 1in 48,000 (UNFPA,

2010).

In South Africa, pre-eclampsia is the second major cause of maternal deaths and in United
Kingdom it is believed to be the fourth most common cause (Dyer et al., 2007). African
countries such as South Africa, Egypt, Tanzania, and Ethiopia record a range between 1.8 to
7.1% (Mahaba etal., 2001, Osungbade and Ige, 2011, Kimbally et al., 2007, Thiam et al., 2003,
Teklu and Gaym, 2006). The incidence of eclampsia in the developed countries of North
America and Europe is estimated to be around 5 to 7 cases per 10,000 deliveries whereas 1
case per 100 pregnancies is recorded in developing countries (WHQO, 2004). Globally, 10-15%
of direct maternal deaths are associated with pre-eclampsia and eclampsia (Duley, 2009) and
there is a fivefold increase in perinatal mortality following pre-eclampsia (Brown et al., 2001).

Accordingly severe maternal morbidity associated with preeclampsia is not only restricted to
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Sri Lanka but remains a global problem which awaits to be addressed as a priority (Zhang,

2003).

Pre-eclampsia leads to complications in the liver, kidney, brain and clotting system. In addition,
maternal complications have a negative effect on neonatal health with an increasing risk of
prematurity, poor growth and fetal death. Over 3 million neonatal deaths are reported each year
due to obstetrics complications (Cousens et al., 2011). 12% ofbabies bom to women with pre-
eclampsia are smaller for gestational age (SGA) and I/5thofthem are premature. In the United
Kingdom, 6% of babies bom to women with pre-eclampsia die annually. In developing
countries around, 27% of neonatal deaths are caused by pre-eclampsia and eclampsia (Duley,
2009). As discussed, the incidence of pre-eclampsia varies from country to country. It is
difficult to deduce accurately the incidence of pre-eclampsia. This variation may be due to
variations in diagnosis and clinical management of the condition. It is evident that
epidemiological studies carried out over the years indicates no reduction in the incidence of
pre-eclampsia associated with the overall burden of life threatening severe obstetrics
complications. There are no reliable markers for prediction and detection of pre-eclampsia and

early delivery places the life ofthe foetus at a massive risk (Kuklina et al., 2009).
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1.3 Patho-physiology of pre-eclampsia

Preeclampsia is a disease limited to human pregnancies and its aetiology still remains a
mystery. Pre-eclampsia is now acknowledged to be a two-stage disorder (Dissanayake, 2004,

Roberts, 2000, Redman and Sargent, 2005).
Stage 1- Defective placentation

Stage 2- Maternal syndrome characterized by endothelial dysfunction

1.3.1 Defective placentation

The only assured cure so far known for pre-eclampsia is termination of the pregnancy by the
delivery of the placenta and the foetus. This would resolve the adverse maternal condition
which persisted within days if not hours. However, it is also evident from observations made
over the years that ‘cure’ depends on the delivery of the placenta rather than foetus.
Accordingly, it is clear that pathophysiology of the placenta is primarily responsible for the
disorder rather than fetal elements of pregnancy (Jeffcoate, 1966). The placenta is well known
to play the key role in the development of pre-eclampsia thus making it a disorder of pregnancy

(Carty, 2011).

During normal pregnancy, cytotrophoblast cells deriving from the anchoring villi of the fetal
part of the placenta invade the maternal endometrium. This process is known as interstitial
invasion. A portion ofthese extra villous trophoblast cells attain endothelial characteristics and
invades maternal spiral arteries which process is known as endovascular invasion. During early
pregnancy, these trophoblast cells help in maintaining a hypoxic uterine environment

(Pennington et al., 2012). They eventually substitute some ofthe endothelial cells in the vessel
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wall and make the vessel wall ‘leaky’, filling inter villous spaces of the placenta with maternal
blood as shown in Figure 1.3 (Kaufmann etal., 2003, Hunkapiller and Fisher, 2008, Pennington

et al., 2012).

Figure 1.3 Abnormal placentation in women with pre-eclampsia

Women with preeclampsia have shallower invasion of spiral arteries and reduced trophoblast
invasion, resulting in an abnormal placentation (Lam et al., 2005)
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As illustrated in figure 1.3, invasion of the spiral arteries in women with preeclampsia is
shallower and these arteries remain as small calibre resistant vessels with reduced placental
perfusion (Lam et al., 2005) due to the smaller number of trophoblast cells present within the
spiral arterioles, which makes the vessel wall rigid (Khong et al., 1986, Aquilina and
Harrington, 1996). Consequently, reduced trophoblast invasion is an early event in the
development of pre-eclampsia. It is believed that abnormal remodelling of maternal spiral
arteries deprives the placenta of oxygen and that the consequential hypoxia generates the
symptoms of preeclampsia (Khong et al., 1986, Roberts and Hubei, 2009, Pennington et al.,

2012).

During normal pregnancy, trophoblastic invasion is associated with prominent changes in the
spiral arteries. The diameter of the spiral arteries increases four to six times. However, unlike
normal pregnancy, such changes do not take place or remain considerably low in women
suffering from pre-eclampsia. A 40% reduction in the spiral arteries was observed in women
with pre-eclampsia compared with the normal pregnant women. They may take place in other
external decidual vessels but would not extend to the inner third of the myometrium (Roberts,
2000, Roberts and Catov, 2008, Lam et al., 2005). This leads to failed trophoblastic invasion
leading to incomplete remodelling of the uterine spiral arteries, causing defective placentation
resulting in unfavourable obstetric conditions like pre-eclampsia (Enders and Blankenship,
1997, Harendra et al., 2011, Gomez and Parry, 2009, de Groot et al., 2005, Hung et al., 2002,
Gilbert et al., 2008). Research findings also suggest that infection specific inflammation plays
a role in trophoblast complications which leads to defective placentation causing pre-
eclampsia. It is reported that pre-eclampsia patients with an infection had an altered balance
between proliferation and apoptosis of villous trophoblast cells in the placental tissues

(Padmini, 2011).
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It is evident from past studies that babies bom to women with early onset pre-eclampsia were
bom pre-term and were small for gestational age (SGA) or were experiencing intra uterine
growth reduction (IUGR) compared to the babies bom to women with late onset pre-eclampsia.
Abnormal placentation leading to reduced placental perfusion will limit the nutrition and
oxygen transported across and will result in IUGR and SGA babies (Roberts and Catov, 2008).
Even though the pathophysiology of defective placentation is known, the aetiology

contributing to the defective placentation still remains unknown.

1.3.2 Maternal syndrome

The second stage is the maternal response to defective placentation characterized by the
primary clinical picture of hypertension and proteinuria (Lam et al.,, 2005). As shown in to
figure 1.4, reduced placental perfusion secondary to defective placentation may result in a state
known as ‘ischaemic placenta’. This releases a range of factors into the maternal circulation
which causes endothelial dysfunction leading to the development ofpre-eclampsia (Pennington

et al.,, 2012, Carty, 2011, Lee etal., 2007, Redman and Sargent, 2010).
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Uterine placental blood flow

Figure 1.4 Placental ischemia and hypertension

The decreased uterine blood flow causes placental ischemia which leads to endothelial
dysfunction during pregnancy leading to preeclampsia. sFltl, soluble forms like tyrosine kinase
1; TNF- a, Tumor Necrosis Factor; IL-6, Interleukin 6; AT1-AA, angiotensin receptor auto
antibodies ; PIGF, Placental Growth Factors, VEGF, Vascular Endothelial Growth Factor
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The decreased uterine blood flow causes placental ischemia which increases the levels of
cytokines, soluble forms like tyrosine kinase-1 leading to the decrease of placental growth
factors and vascular endothelial growth factors causing endothelial dysfunction. This utero
placental perfusion pressure directly contributes to the arterial pressure and proteinuria. This
In turn results in altered renal function, increased total peripheral resistance and intra uterine
growth restriction which ultimately leads to hypertension causing pre-eclampsia (Gilbert et al.,

2008).

1.3.3 Link between the two phases

The placental initiated ‘toxins’ such as cytokines, anti-angiogenic factors, syncytiotrophoblast
microparticles (STNM) and oxidative stress links the two stages; defective placentation and
maternal response (Roberts and Hubei, 2009, Schipper et al.,, 2005, Maynard et al., 2005,
Redman and Sargent, 2005, Mellembakken et al., 2002, Roberts and Hubei, 1999). Although
such factors are most frequently considered as toxins, this could be a signal from the fetal-

placental unit to overcome the nutrition deficiency in the placenta (Roberts and Hubei, 2009).

Maternal manifestation of pre-eclampsia is thought to be mediated by soluble forms like
tyrosine kinase-1 (sFIt-1) and soluble endoglin (sEng) (Figure 1.4) which are the soluble anti
angiogenic factors synthesized by the placenta. Lam, C. et al suggests that high blood pressure
and proteinuria characterizing pre-eclampsia is due to excess circulating soluble forms like
tyrosine kinase. This sFlt-1 is an endogenous antiangiogenic protein synthesized by the
placenta and is involved in deactivating and obstructing the signalling action of vascular
endothelial growth factor (VEGF), placental growth factor (PLGF) and transforming growth

factor p (TGF), there by significantly increasing the ratio of sFlt-1 to PLGF resulting in poor
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placental development (Lam et al., 2005, Levine et al., 2004). Loss of signals to the glomerular
endothelium results in the breaking down of the renal filtration barrier causing proteinuria
which finally leads to placental ischemia (Parikh and Karumanchi, 2008, Maynard et al., 2008,

Venkatesha et al., 2006, Levine et al., 2006, Levine et al., 2004).

Defective placentation may increase the soluble antiangiogenic factors in the systemic
circulation which in turn would injure the maternal blood vessels leading to hypertension,
proteinuria and finally causing damage to the organs throughout the body (Parikh and

Karumanchi, 2008, Zhou et al., 2008, Wu et al., 2010).

W hilst surveying the literature, an interesting aspect observed was that the previous studies too
provide evidence of the presence of infectious agents as a factor linking the two stages ofpre-
eclampsia. It is suspected thatan infectious agent or agents may be responsible for the activated
blood components, excess sycytiotrophoblast (STBM) fragments, activating immune cells,
transforming oxidized lipids or excess inflammatory cytokines (Roberts and Hubei, 2009).
Placental oxygen deregulation (oxidative stress as an imbalance of pro and anti-oxidative
factors), abnormal trophoblast invasion, inappropriate maternal vascular damage and
anomalous maternal-fetal immune interactions are expected to cause endothelial dysfunction

(Pennington et al., 2012).
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1.4 Aetiology contributing to defective placentation

Even though the pathophysiology of pre-eclampsia is known, the aetiology contributing to the
defective placentation remains unknown. Genetics, environmental factors, social factors, and
association with infections are believed to influence defective placentation and maternal

response (Rasmussen and Irgens, 2008, Rasmussen et al., 2000, Roberts and Catov, 2008,

Parikh and Karumanchi, 2008).

Figure 1.5 Aetiology contributing to defective placentation

Genetic factors, immunological factors, angiotensin receptor autoantibodies and infections
may cause placental dysfunction leading to hypertension, proteinuria and growth restrictions

(Parikh and Karumanchi, 2008)
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As shown in Figure 1.5, it is believed that angiotensin receptor autoantibodies (ATi-AAY),
oxidative stress, genetic factors or an infectious agent (infection) may cause placental
dysfunction leading to the release of antiangiogenic factors (sFlt-1 and sEng) and other
inflammatory mediators developing pre-eclampsia (Parikh and Karumanchi, 2008, Carty,

2011).

As indicated in Figure 1.6, the causes of abnormal placentation and causes for the increasing
of anti-angiogenic factor still remains uncertain. Finding answers to these questions would be
the key to solving the mystery ofpre-eclampsia. Different hypotheses put forward by scientists’
states that genetic factor, immunological factor or some other factor could be the origin of the

disease which may cause either abnormal placentation or an increase in anti-angiogenic factors.
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Figure 1.6 Aetiology contributing to the pathogenesis of pre-eclampsia

Defective placentation causes endothelial dysfunction leading to preeclampsia. Genetic factors,
iImmunological factors may cause defective placentation or anti angiogenic state leading to
placental hypoxia. sFItl, soluble Forms like tyrosine kinase 1; PIGF, Placental Growth Factors,

VEGF, Vascular Endothelial Growth Factor (Bdolah et al., 2005)
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1.5 Evidence suggesting the association of infectious agents with pre-

eclampsia

Previous research studies imply that there is a statistically significant relationship between
maternal infections and pre-eclampsia (odds ratio (OR) 2.1; 95% Confidence interval (Cl) of
1.6-2.7) (Rustveld et al., 2008). The meta- analysis carried out on 16 studies report that women
with either viral or bacterial infections had a twofold increased risk of developing pre-

eclampsia compared to pregnant women without an infection (Rustveld et al., 2008).

Numerous studies demonstrated an elevated immune response in women with pre-eclampsia
and an increase in the inflammatory cytokines such as prostglandin E2 (PGE2), tumor necrosis
factor (TNF-a), interleukin 1 (IL-1), interleukin 6 (IL-6), soluble phospholipids A2, activated
clotting factor and complement pathways as well as C- reactive protein (CRP) (Rustveld et al.,
2008, Sacks et al., 1998, Rinehart et al., 1999, Visser and Wallenburg, 1999, Sanchez et al.,
2000, Amory et al., 2001, Benyo et al., 2001, Luppi et al., 2002, Paternoster et al., 2006, Eiland
et al.,, 2012, Djurovic et al., 2002, Kronborg et al., 2011, Lynch et al., 2010). Besides, other
inflammatory response markers such as calprotectin, neopterine and some acute phase proteins
such as ferritin, C- reactive protein, fibrinogen also would increase due to infections occurring
before or during pregnancy elevating the risk of pre-eclampsia (Holthe et al., 2005, Kaleli et
al., 2005, Lopez-Jaramillo et al., 2001). In line with the above observation, some studies have
shown a profusion of soluble markers of neutrophil activation in pre-eclampsia suggesting the
role ofinfection in association with pre-eclampsia (Eiland et al., 2012, Shamshirsaz et al., 2012,
Szarka et al., 2010, Sharma et al., 2007, Teran et al., 2001). In addition, remarkable activation
of blood leukocytes (granulocytes and monocytes) were observed in women with pre-

eclampsia compared to healthy pregnant women (Redman and Sargent, 2003).
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Long-range uteroplacental hypoxemia may induce inflammatory changes in the placenta with
the release of inflammatory chemokines, stimulates fetal neutrophils and monocytes, which in
turn, may further release inflammatory mediators. This would create a vicious circle, leading
to increased endothelial cell activation (Mellembakken et al., 2001). This was observed in a
study carried on venous cord blood collected from 36 neonates bom after uncomplicated
pregnancy and 35 neonates bom pre-term to women with severe pre-eclampsia. Neonates bom
to women with pre-eclampsia had an increased expression of CD 15s (P50.003), CD49d/CD29
(P50.01/0.005), and CD31 (P50.007) on neutrophils and CD15s (P, 0.001), CDIlc (P50.009)

and CD54 (P50.001) on monocytes (Mellembakken et al., 2001).

Subsequently, it was noticed that the systemic inflammatory response turns out to be radically
high in women with pre-eclampsia compared to normotensive women and that led to the belief
that infection might be associated with the aetiology of pre-eclampsia by increasing the
uteroplacental atherosis and by amplifying the maternal systemic inflammatory response
(Villar, 2008, Redman and Sargent, 2005, Herrera et al.,, 2001, von Dadelszen and Magee,

2002).

Research carried out by Von Dadelszen demonstrated that women with early onset pre-
eclampsia had elevated amounts of IgG to C. pneumoniae (von Dadelszen and Magee, 2002).
The results were replicated in another study where, semm samples tested on 37 women with
pre-eclampsia and 37 normotensive women indicated that women with high titres of IgG to C.
pneumoniae had three times the risk of developing pre-eclampsia compared to the

normotensive group (Heine, 2003).
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Although a similar study carried out by Goulis et al was not able to relate an association of C.
pneumoniae with pre-eclampsia, antibodies detected against C. pneumoniae were significantly
higher (p<0.003) in women with pre-eclampsia compared to normotensive women (Goulis et
al., 2005). With the evidence of past research it is suggested that pre-eclampsia is associated
with a chronic infection rather than an acute infection or re-infection (Heine, 2003, Goulis et

al., 2005).

Xie, F. reported that infection with C. pneumoniae and Cytomegalo virus would trigger the
maternal inflammation response and consequently would lead to the development of pre-
eclampsia (Xie, 2010). C. pneumoniae is considered a bacterial agent responsible for human
respiratory tract infection that contributes to the pathogenesis of atherosclerosis (Xie, 2010).
Literature available on the subject also supports the view that pre-eclampsia and atherosclerosis
share a common pathophysiology and are associated with similar risk factors (Roberts, 2000).
In addition, women with a history of pre-eclampsia have an increased tendency to develop
atherosclerosis in the future compared with normotensive women (Haukkamaa et al., 2009,

Aral et al., 2006).

In another study it was reported that Chlamydia pneumoniae infection can reduce trophoblast
invasion of the uterine wall and is associated with pre-eclampsia (Gomez and Parry, 2009). It
was also reported that trophoblast cell viability and invasion were decreased after an infection
(P<0.05) inwomen with pre-eclampsia (Gomez and Parry, 2009). Thus the above studies imply
that there is a considerable association of infectious agents with pre-eclampsia which brings

out the need for further research.
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Adding to these findings, a study carried out by Todros et al using a cohort of 417 pregnant
women treated with spiramycin against Toxoplasma gondii and 353 low risk women who did
not take any antibiotic during pregnancy, indicated that women treated with spiramycin during
pregnancy had a lower risk of developing pregnancy induced hypertension and preeclampsia
possibly by preventing the occurrence of an infection that could complicate the pregnancy. The
odds ofdeveloping the disease were significantly lower in the treated women (OR=0.092, 95%
Cl1 0.021, 0.399; P < 0.001) (Todros et al.,, 2006). Further to this, antibiotic prophylaxis was
also found to reduce the risk ofpre-eclampsiain primigravidae women with a history ofurinary

tract infection (M ittendorfetal., 1996, von Dadelszen and Magee, 2002).

In a retrospective study carried out on 13852 pregnant women, women with urinary tract
infection had a fourfold risk of developing pre-eclampsia compared to the normal pregnant
women ((p<0.001)(OR 4.2,95% CI 1.1-5.1)) (Hsu and Waitter, 1995). In another two
prospective studies, women with pre-eclampsia were detected positive for the presence of
Ureaplasma urealyticum and Gardnerella vaginalis. It is interesting to note that women who
were diagnosed positive for bacteriuria had a 3 fold increased risk of developing pre-eclampsia
(p=0.02) (Gilbert et al., 1986). A similar study carried out by Hill in the same year reported
that asymptomatic bacteria (>100,000 colonies/ml) were more prevalent in women with pre-
eclampsia. Out of 100 women with pre-eclampsia recruited to the study, 19% had bacteriuria
(Hill et al., 1986). Further, another study carried out by Mittendorf on 386 cases of women
with pre-eclampsia and 2355 controls of normotensive women indicated a fivefold risk of
developing pre-eclampsia when women were suffering from urinary tract infection (Mittendorf

etal., 1996).
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Further studies provide evidence of the association of periodontal diseases with pre-eclampsia.
In a study carried out by Canakei et al, of a population of 41 cases and 41 matched controls
46.3% of women with pre-eclampsia were positive for periodontal bacteria compared to the
21.9% in the control group. Risk for pre-eclampsia associated with periodontitis was 3 fold
(OR 3.5; 95% CI1 1.1-9.3) (Canakei, 2004). Similar to this study another study carried out on a
larger sample of 763 cases and controls confirmed that periodontal disease increased the risk
of pre-eclampsia by two folds (OR 2.4; 95% CI1 1.1-5.3) (Boggess et al., 2003). Accordingly,
it is assumed that periodontal infection is associated with endothelial damage which results in

pre-eclampsia (Shub et al., 2006, Xiong et al., 2006).

There is increasing evidence to suggest that periodontal disease is associated with severe
maternal complications which may result due to poor maternal oral health (Parahitiyawa et al.,
2009, Lopez et al.,, 2005, Lopez et al., 2002, Klebanoff and Searle, 2006, Tarannum and
Faizuddin, 2007). This could be due to the up regulation of levels of cytokines and other
inflammation modulators as a result of infection (Parahitiyawa et al., 2009). Similar results
were revealed by Contreras et al, where chronic periodontitis were diagnosed among 63.8%
pre-eclamptic women compared to the 36.6% of normotensive women. In addition,
Porphyromonas gingivalis (OR 1.8; 95%C11.1-2.8), Tannerellaforsythia (OR 1.8; 95%CI11.1-
3.0), and Eikenella corrodens (OR 1.8; 95%CI11.1-2.8) were also detected from samples
obtained from women with pre-eclampsia (Contreras, 2006). This further supports the

association of infectious agents with pre-eclampsia.

A similar study carried out on 40 women with pre-eclampsia and 27 normotensive women

indicated that the trophoblast cells from multiparous women with pre-eclampsia had six times
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the risk of being infected with Adeno-associated virus-2 (AAV-2) (OR 6.0; P=0.04).
Accordingly the study suggests that AAV virus may destroy the trophoblast cells and would

cause an abnormal invasion in the maternal spiral artery (Arechavaleta-Velasco et al., 2006).

Research findings also suggest that infection specific inflammation plays a role in trophoblast
complications which leads to defective placentation causing pre-eclampsia. It was noted that
pre-eclampsia patients with an infection had an altered balance between proliferation and
apoptosis of villous trophoblast cells in the placental tissues (Padmini, 2011), and that
trophoblast cell viability and invasion is decreased after the infection in women with pre-
eclampsia (P<0.05) (Gomez and Parry, 2009). Thus the above studies imply that there is a
considerable association of infectious agents with pre-eclampsia which highlights the need for

further research, especially at the fetal-maternal interface in the placenta.

Recent investigations suggest that infectious agents directly affect the arterial wall which
destroy the cyto-trophoblast cells (Arechavaleta-Velasco et al., 2006) and causes endothelial
injury and dysfunction (Redman et al., 1999, Sacks et al., 1998). This further causes atherosis
and local inflammation which leads to uteroplacental ischemia. Such mechanisms may explain
the way maternal infection is associated with clinical manifestations and the aetiology of pre-
eclampsia. Adding to this, recent investigations further demonstrates that inflammation and
Immune mechanisms triggered by infectious agents could be the origin of the pathogenesis of

pre-eclampsia (Xie, 2010, Rustveld et al., 2008).
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A study carried out by Ponzetto et al suggested that Helicobacter pylori and strains carrying
the cytotoxin-associated antigen (CagA gene), may add to the inflammatory mechanisms
iImplicated in the pathogenesis of pre-eclampsia. H. pylori sero-positivity frequency was higher
in women with pre-eclampsia (51.1%) compared to women with uncomplicated pregnancy
(31.9%) (OR, 2.668; 95% CI, 1.084-6.566; P = 0.033). The variation was even higher for CagA
sero-positivity (80.9 and 14.9%, respectively) (OR, 26.035; 95% CI, 8.193-82.729; P < 0.001)

(Ponzetto et al., 2006).

In a similar study carried out in recent years, direct attention to the fact that 85.7% of women
with pre-eclampsia were significantly sero-positive for H. pylori compared to healthy pregnant
women (42.9%, P < 0.001). This study confirmed that persistent and virulent H.
pylori infections cause or adds to the patho-physiology ofpre-eclampsia complicated with fetal

growth restriction (Cardaropoli et al., 2011).

Observations made over the years on the occurrence of pre-eclampsia recognized a seasonal
pattern of pre-eclampsia similar to diseases like parvovirus and malaria. It is surprising to
discover that the occurrence of pre-eclampsia coincide with the seasonal variations of malarial
transmission (Arechavaleta-Velasco et al., 2002, Brabin and Johnson, 2005) with a 5.4 fold

increase ofrisk of maternal deaths from pre-eclampsia during such seasons (Anya, 2004).

An animal model of pre-eclampsia developed by introducing low doses of bacterial endotoxin

to pregnant mice in their middle gestation developed clinical symptoms similar to pre-
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eclampsia. The mice experienced elevated blood pressure, urinary albumin secretion, platelet

coagulopathy and histopathological alterations to kidney and placenta (Ponzetto et al., 2006).

Notwithstanding the fact that not many studies have been carried out on this line, a study carried
out at Virginia Commonwealth University USA, reports an association of Sneathia amnii with
pre-eclampsia and other pregnancy related complications. Sneathia amnii is a potential bacteria
ofthe female reproductive tract of which very little is known so far (Harwich etal., 2012). Just
a couple of years back, Lactobacillus iners, Ureaplasma / Sneathis leptotrichia and
Streptococcus sp. were identified in the amniotic cavity by using the latest 16S rRNA gene

amplification and sequencing (DiGiulio et al., 2010).

It is interesting to note that intake of foods rich in probiotics reduce pregnancy related
complications associated with pre-eclampsia. A cohort study carried out on 33,399 Norwegian
primiparous women in the years 2002 to 2008 reports that probiotic milk products has an
association with reduced risk of pre-eclampsia. This could be due to the fact that probiotics

modulate gastrointestinal health by suppressing pathogenic bacteria (Brantsaeter et al., 2011).

These studies further supports the position that maternal immune system and the underlying
inflammatory level plays an important role in the pathogenesis of pre-eclampsia by providing
evidence signifying the association of maternal infections with the increasing risk of pre-

eclampsia (Brantsaeter et al., 2011).

43



In a study carried out by Barak et al in Israel, placental tissue samples obtained from a group
of women with pre-eclampsia and a group of matched controls were examined for infectious
agents. Placental tissue samples were collected at the time of caesarean section to avoid vaginal
and cervical contamination. Samples were examined for infectious agents using traditional
culture methods and real time polymerase chain reaction (QRT-PCR) method. 50% (8 out of
16) placental specimens from women with pre-eclampsia were positive for periodontal bacteria
compared to 14.3% (2 out of 14) of the controls (p < 0.0055). Results were statistically
significant in the pre—eclampsia group for all the pathogenic bacteria (Barak, 2007). This study

supports the role of placental infection in association with pre-eclampsia.

From the review of scientific literature, it is evident that there is a significant association of
infectious agents with pre-eclampsia. However, numerous studies detected varying species of
infectious agents created controversies on the exact organism(s) responsible for the clinical
manifestation of pre-eclampsia. Accordingly, Xie reports that pre-eclampsia is related more
closely with total ‘infectious burden’, than to a specific infectious agent itself (Xie, 2010,

Magee and von Dadelszen, 2007).

In addition, the literature supports the view that a single infectious event would be sufficient to
trigger the inflammatory response that would lead to pre-eclampsia (Von Dadelszen, 2000, von
Dadelszen and Magee, 2002). The above literature strongly suggests that infection may play a
key role in the aetiology of pre-eclampsia. Under such circumstances more studies would be
essential to further confirm the relationship between pre-eclampsia and infectious agents. Once
the relationship is confirmed, new interventions on prevention with non-teratogenic anti-

microbial treatment could follow (Todros, 2007).
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Accordingly, the current study was based on the hypothesis that pre-eclampsia is caused by
one or more infectious organisms present in the placenta, with a predominant organism
triggering the condition. It is not possible to obtain the placenta at early gestation due to ethical
and technical reasons. The alternative therefore was to examine the placenta of women with
preeclampsia, harvested at the time of delivery using culture independent methods. Such
methods would enable one to detect traces of infectious agents left behind almost after nine
months of pregnancy. 16S rRNA gene sequencing, on Sanger and next generation sequencing
platforms (metagenomics) are the highly sensitive genetic techniques that have only now
become available. Therefore this study was aimed at detecting and identifying the viruses,
bacteria and fungi present in the placental tissues of women with preeclampsia and a control

group of normotensive pregnant women.
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1.6 Metagenomics used for the detection and identification of ‘Infectious

Agents’
The use of molecular genetics techniques for the detection and identification of infectious
agents has become increasingly popular during the past decade. The technique in comparison
to the conventional culture and microscopy methods provides high sensitivity, specification,
reproducibility and ease of performance in detection and identification of infectious agents

(Pfaller, 2001).

We therefore propose to screen placental tissue samples ofwomen with pre-eclampsia for the
presence of viruses, Dbacteria and fungi using metagenomic techniques. Under 16S
Metagenomics, bacteria will be identified from clinical specimens by amplification and
sequencing ofthe 16S ribosomal RNA gene. The resulting sequences are compared against the
sequences of all bacteria available in the GenBank database (Petti et al., 2005, Siqueira et al.,
2002, Janda and Abbott, 2007, Drancourt et al., 2004, Jordan and Durso, 2000, Millar et al.,

1996, Knox et al., 1998, Harris and Hartley, 2003, Whitelaw et al., 2002, Diemert et al., 2002).

28S Metagenomics is performed for the identification of fungi (Ferrer, 2001, Embong, 2008,
Viela, 2005, Bomeman 2000, Voigt, 1999). Similar to 16S Metagenomics, the 28S ribosomal
RNA gene of fungi will be amplified, sequenced and compared against the sequences of all
fungi present in the GenBank database. Viruses will be identified using viral metagenomics.
Viral DNA will be ligated onto a vector digested with restriction enzymes, transformed into
competent cells and will be selected through blue and white colony selection. W hite colonies
are picked up, sequenced and are analysed using BLAST tool (Finkbeiner, 2008, Breitbart,

2005, Delwart, 2009, Edwards, 2005).
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1.6.1 16S rRNA gene for the detection of bacteria

1.6.1.1 Introduction to 16S rRNA gene sequencing

Molecular diagnostic techniques such as polymerase chain reaction (PCR) has proved to be
more effective in identifying uncultured micro-organisms compared to clinical diagnostic
techniques (Fredricks et al., 2007). As of20thNovember 2013, the complete genome sequences
0f 4509 bacteria, 600 fungi and 3810 viruses is present in GenBank database (Siddiqui, 2007).
The record covers all known bacteria, fungi and viruses, facilitating the possibility of screening

all kinds ofclinical specimens for all known bacteria, fungi and viruses.

The conventional mode of detection and identification is based on gram staining, cultures on
various media and identification is based on phenotypic observations. However, these
conventional techniques usually provide negative results when a patient is on antibiotics, the
sample is old or not keptunder proper storage conditions. Certain bacteria need specific growth
conditions and nutrition. Such bacteria fail to grow on regular growth media and resulting in
the possibility of “false negative” results which could lead to misdiagnosis and incorrect

treatment.

Broad-range 16S ribosomal RNA gene amplification by PCR (16Sr RNA PCR test) is used for
the detection and identification of bacterial agents from clinical specimens of patients
suspected of having acquired an infection. The technique works with optimal sensitivity and
provides specific results for patients on antibiotics (Rampini et al., 2011). Bacterial 16S rRNA
contains highly conserved nucleotide regions common to all bacterial species and variable

nucleotide regions unique at species level. With the use of universal primers partial or the
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complete 16S rRNA gene is amplified and the bacteria present in the clinical specimen or an

environmental sample is easily identified.

The amplified 16S ribosomal RNA was sequenced either by capillary or next generation
sequencing. The sequences obtained was blasted against all bacterial sequences present in
online bacterial databases such as GenBank, Ribosomal, Greengenes databases facilitating
specific identification of the bacteria present in the respective sample (Drancourt et al., 2004,
Janda and Abbott, 2007, Jordan and Durso, 2000). The approach is extremely useful in
distinguishing new sequences of formerly uncharacterized bacteria and has enabled the
identification of many new strains within the last few years. 16S rRNA gene sequences play
an important and major role in discovering bacterial phylogeny and taxonomy due to its
presence in more or less all bacteria (Janda and Abbott, 2007). The properties ofthe gene have
notundergone any major evolutionary changes and had remained unaltered over the years. 16S
ribosomal RNA gene is approximately 1500bp and is adequate enough to obtain the required

information for research and study purposes.

Another major striking feature of 16S rRNA gene sequencing is its capability ofidentifying an
organism up to genus and species level, even when it does not fit any possible biochemical
profile. 16S rRNA gene sequencing is an approach widely used as an alternative when
conventional biochemical profiling and culture based techniques fail to identify a particular

strain.
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It is evident from research studies that the said technique has the capability to detect and
identify non-viable organisms which remain undetected under traditional methods. The
approach is also useful for the identification of slow growing fastidious organisms where
traditional isolation methods experience difficulties. The traditional techniques are time
consuming and growth ofbacteria may take days (Drancourt et al., 2000). However, 16SrRNA
PCR test and sequencing enables the identification of bacteria within a few hours. Hence 16S
rRNA based testing surpasses the conventional methods so far used (Janda and Abbott, 2007).
Previous studies revealed that 16S rRNA gene sequencing is capable of detecting 90% of
organisms up to genus level, 65-83% up to species level and only 1-14% isolates remained
unidentified using the 16S Metagenomics technique (Janda and Abbott, 2007, Drancourt et al.,

2000).

Universal distribution of 16S rRNA gene within the bacterial population plays a significant
role in the molecular identification of the organism (Vetrovsky and Baldrian, 2013). The
presence of species specific variable regions in the 16S ribosomal RNA gene ofbacteria helps
in the specific identification and demarcation (Drancourt et al., 2000). It has been evident over
the years that conventional techniques in identifying bacteria most often failed due to
inadequate knowledge on growth requirement of the isolates, faults in morphological
identification and failure of gram staining. In addition, the viable state oforganisms play a vital
role in culture based conventional methods ofidentification. 16S rRNA gene based technology
provides a solution to such difficulties and has been shown to be an excellent performer in
identifying over 90% of bacteria within a larger population of phenotypically unidentified

bacteria (Drancourt et al., 2000).
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1.6.1.2 16S ribosomal Ribo-Nucleic Acid (16S rRNA) gene

Ribosomal Ribo-Nucleic Acid (rRNA) is the RNA constituent of the ribosome which plays a
vital role in protein synthesis in all living beings. The size of prokaryotic ribosome is 70S (S
represents Svedberg units) which is made up of a large sub unit of 50S and a small subunit of
30S. 5S ribosomal RNA and 23S ribosomal RNA are components ofthe 50S large subunit and
the 16S ribosomal RNA is the component of the 30S small subunit of the ribosome. Much
attention is focused on the 16S rRNA gene which has remained the gene of choice for
sequencing and reconstructing phylogenies for numerous reasons. It needs to be mentioned that
all credits pertaining to this amazing technological discovery belongs to Carl Woese and
George E. Fox (Fox etal., 1977, Woese and Fox, 1977). As mentioned previously itis a highly
conserved gene which has notundergone any major evolutionary changes over the years. The
minor changes that have taken place offers an indication as to how closely or distantly the

diverse organisms are associated.

This gene which is 1.5 kb in size is made up of both conserved and variable regions with inter
specific polymorphisms capable of distinguishing between species (Clarridge, 2004). As
illustrated in Figure 1.7, the 16S rRNA gene has 9 variable regions where partial sequencing
of 3 consecutively variable regions is considered the most useful approach. Combinations of
V7, V8, V9 and VI, V2, V3 are considered to be the most sensitive and specific for the

detection and identification of bacteria up to species level (Cai et al., 2003).
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Figure 1.7 16S rRNA gene and sequencing primer locations

16S rRNA gene is unique to all bacteria and is 1542bp in length with 9 variable regions

The variable regions within the 16S rRNA gene are subjected to variations which provide the
necessary diversification essential for differential classification. The conserved regions are also
equally important as they assist in designing of suitable primers and hybridization of probes

even at different taxonomic levels (Vetrovsky and Baldrian, 2013).

1.6.1.3 Pre-eclampsia studies carried out using 16S rRNA sequencing technology

Previous studies using conventional methods suggest an association of infections with pre-
eclampsia (DiGiulio et al., 2010). A study carried out in USA in 2010 remains the only study
to date which has employed 16S gene amplification to investigate the microbial invasion ofthe
amniotic cavity in pre-eclampsia (DiGiulio et al., 2010). Accordingly the current study remains
the only study that used 16S metagenomic technique to detect and identify bacteria in the

placental tissues of women with pre-eclampsia.
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In the study carried out by DiGiulio et al, the detection rate of bacteria by culturing was 1.6%
(1/62) and by PCR 8% (5/62). The comhbination of culture and molecular genetics gave a
detection rate of bacteria at 9.6% (6/62). Respiratory and food borne infectious agents such as
Ureaplasma parvum, Escherichia coli, Listeria monocytogens and Streptococcus species were
detected in the amniotic cavity ofwomen with pre-eclampsia, which suggests an association of

pre-eclampsia with food borne & respiratory bacteria/ infectious agents (DiGiulio et al., 2010).

1.6.2 28S rRNA gene for the detection of fungi

1.6.2.1 Introduction to 28S rRNA gene sequencing

Amplification of 28S ribosomal RNA gene for the detection of fungi is a novel technique that
has become increasingly popular in the past few years. Quick detection and precise
identification of fungal agents is an utmost necessity for a precise antifungal therapy (Khot et
al., 2009b). The conventional culture-based and histological analyses often results in poor
diagnostic sensitivity and fails to differentiate between fungal species and very often remains

undetected (Yeo and Wong, 2002, Khot et al., 2009b).

28S metagenomics for the detection of fungal agents is the most rapid, sensitive and accurate
diagnostic approach. The 28S metagenomics is based on the principle that the 28S ribosomal
RNA gene has conserved regions for designing broad-range primers and also variable regions
for the differentiation of fungal species. The 5’ end of the large subunit which is the D1-D2
hyper-variable region in the 28S rRNA gene is most often targeted for the identification of

human fungal agents (Evertsson et al., 2000, Hinrikson et al., 2005, Kurtzman and Robnett,
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1997, Rakeman et al., 2005, Vollmer et al.,, 2008, Putignani et al., 2008, Khot and Fredricks,

2009a, Khot et al., 2009b).

1.6.2.2 28S ribosomal Ribo Nucleic Acid (285 rRNA) gene

Figure 1-8 28S rRNA gene of fungi

28S rRNA gene is unique to all fungi and is 4kbp in size. However, DI, D2, D3 regions are the
most variable regions and is sufficient for species level identification

The 18S rRNA gene is 1995bp in length whilst the 28S rRNA gene varies in length from 3948
to 3976bp (Stage and Eickbush, 2007). Most studies carried out so far only utilized the first
600-900 bases from the large sub unit of 28S rRNA gene, which includes three divergent
domains (DI, D2, and D3) that are the most variable region within the entire gene. There is
nearly a 2900bp variable region beyond the D2 region which still remains unexploited.
Therefore amplifying a region beyond the D 1-D2 region under present circumstances may be

less useful for species identification (Khot et al., 2009b).

The 28S ribosomal RNA of fungi is about 4kbp in size and therefore, the whole genome

sequencing of the 28S rRNA is extremely costly and laborious (Park, 2002). However,
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amplifying the DI- D2 variable region is sufficient for the identification of fungi at species
level from clinical samples (Park, 2002, Khot and Fredricks, 2009a, Khot et al., 2009b) and

can be considered the best available diagnostic tool for the identification of fungi.

Many studies use PCR primers NL1 and NL4 targeting the DI and D2 domains to amplify the
partial 28S rRNA gene of fungi (Park, 2002, Cano et al., 2004, Gamer et al.,, 2010, Lachance
et al.,, 2003). A BLAST search is performed to determine the specificity of species
identification. The detection of fungi by 28S metagenomics has been described as an important
tool in the early diagnosis of fungal infections. The complete sequences of the 28S rRNA and
a large number of partial 28S rRNA sequences for several fungal species have being published
in GenBank database (Vollmer et al.,, 2008). As at 20thNovember 2013, there are 600 whole
genome of fungal species available at the NCBI GenBank database (Siddiqui, 2007). In the
present study the 28S metagenomics is used by amplifying aregion within the D1-D2 variable
region of the 28S rRNA gene for the detection of fungi in the heterogeneous human clinical

specimens.

1.6.23 Pre-eclampsia studies carried out using 28S rRNA gene sequencing

Studies carried to determine the association of fungal infections with pre-eclampsia is
inadequate. Consequently, the current study will be the first study carried out using 28S
metagenomics to investigate the association of fungi present in the placental tissues ofwomen

with pre-eclampsia.
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1.6.3 Sanger/ Capillary sequencing

Positive PCR products confirmed for 16S/28S rRNA gene were subjected to ‘automated
sequencing’. This enabled the identification of the organism present in the amplified positive
samples. Automated DNA sequencing allows the determination of the exact nucleic acids
(order of Adenine, Cytosine, Thymine and Guanine) in a DNA molecule or the amplified gene
of interest. The main principle behind the automated sequencing was the ‘Sanger Chain
Termination’ chemistry. This was carried out using the PCR product as the template in a cycle
sequencing reaction which facilitates the integration of fluorescence labelled dideoxy
nucleotides (ddNTPs) into the sequencing product which was detected by semi-automated
capillary electrophoresis. This method would read up to 700-1000bp of a DNA segment

(Wallis, 2011).

Before the cycle sequencing reaction was prepared it is necessary to have a purified PCR
product. This was done with the treatment of Exo-SAP cleanup process. Exonuclease 1 (Exol)
was used to remove the excess primers in the PCR mixture and Shrimp Alkaline Phosphatase
(SAP) was used to remove the additional deoxy nucleotide tri phosphate (dANTPs). Cycle
sequencing was carried out with the ABI PRISM Big Dye® terminator v3.1 cycle sequencing
kit (Applied Biosystems, USA). The kit contained fluorescent dye—tagged terminators which
were four dNTPs each labelled with a fluorescent tag. The main principle of this kit was based
on the Sanger’s chain termination dideoxy nucleotide method ofsequencing theory (Sanger et
ah, 1977). At the end ofthe cycle sequencing reaction PCR products ofvarying sizes terminate
by adding a fluorescently labelled ddNTP. This would be read automatically by the capillary
electrophoresis in the ABI PRISM 3130 Big Bye® Genetic Analyzer (Applied Biosystems,

USA) and would result in a coloured electrophorogram.
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1.6.4 PCR product properties for thermo-stable DNA polymerase

The thermo-stable DNA polymerase used for PCR has a great effect on the cloning experiment.
It is because not all thermo-stable polymerases produce the PCR fragment with 3’A-tailed.
Some proofreading polymerases such as Pfu DNA polymerase, Pwo DNA polymerase and Tli
DNA polymerase produce blunt-ended PCR fragments. The A tailed insert DNA fragment
would directly ligated to the T tailed plasmid vector with the action of T4 DNA ligase to be
recombined. However as indicated in the figure 1.9 Go Tag® DNA polymerase, Ampli Tag®
polymerase, Tfl & Tth DNA polymerases produces 3’A overhang PCR fragments (Promega,
2010). Therefore all amplifications carried out using polymerase chain reaction performed
prior to the cloning experiment were carried out using Go Taqg® DNA polymerases (Promega,

USA).

Figure 1.9 Comparison of PCR product properties for thermo stable DNA polymerases

Thermostable DNA Polymerase

G(?I'-I:’:lach@)/ fl Tth Yeent® - Deep Pfu Puv
T

: HO  Vent®

Characteristic AmpliTag® (

Resulting DNA ends 3'A 3'A  3'A Blunt Blunt Blunt Blunt

5'—3' exonuclease activity Yes Yes  Yes No No No No

3'-+5" exonuclease activity No No No Yes Yes Yes Yes

(Promega, 2010)
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1.6.5 Cloning of target DNA using pGEM T vector

When amplified PCR product results in a distorted electrophorogram due to a mixed infection
it is not possible to identify the bacteria present in the sample. In such instances the amplified
16S rRNA gene needs to be cloned. By sequencing individual colonies it would be possible to
identify the different bacteria presentin the sample. This approach was one ofthe most flexible
and effective ways of screening for bacteria using the meta-genomics library which has the
sequencing data for almost all bacteria (Wexler and Johnston, 2010, Handelsman, 2004,

Wooley et al., 2010).

After the purification of the amplified DNA, it was cloned into apGEM®- T vector. Cloning is
a laboratory procedure to produce similar copies of DNA fragments. The pGEM®- T vector is
a linearized vector and has single 3’ terminal thymidine at both ends. The PCR product ligates
to the T- overhangs at the insertion site and prevents the re-circularization ofthe vector. The T
over hangs at the insertion site facilitate an efficient ligation of the PCR product (Promega,
2010). Promega’s pGEM®-T Vector systems are designed for most general cloning
applications. The pGEM®-T Vector is a high-copy number plasmid which has T7 and SP6
RNA polymerase promoters flanking the multiple cloning region. The promoters help to
sequence the insert as well as for in vitro transcription of both sense and anti-sense RNAs. The
multiple cloning region of the vector is present within the a-peptide coding region of the
enzyme 0-galactosidase to facilitate the blue/white screening. A variety of restriction sites are
available within the vector for sub cloning, and contains a BstZ I restriction site for the release

ofacloned insert by single restriction digestion (Bassetti, 2002).
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The pGEM® - T vector was developed from the pGEM® - 5Zf(+) vector (GenBank® Accession
N0.X65308) and was produced by linearizing the pPGEM® - 5Zf(+) vector with EcoRV at base
51 and adding a T to both 3’ ends as indicated in Figure 1.11. The EcoRV site would not be
recovered upon ligation of the vector and insert (Promega, 2010). Figure 1.10 indicates the
PGEM® - T vector map and sequence reference points. Thus inserts can be sequenced using the
SP6 promoter primer, T7 promoter primer, PUC/M 13 forward and reverse primers (Promega,

2010).
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Figure 1.10 The promoter and multiple cloning sequence of the pGEM®-T vector

The top strand corresponds to the RNA synthesized by T7 RNA polymerase. The bottom
strand corresponds to the RN A synthesized by SP6 RNA polymerase (Promega, 2010)
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Figure 1.11 pGEM®- T vector map and sequence reference points

PGEM-T is a plasmid vector of 3000bp in size. It has Amprand lac Z genes. It was developed
from the pGEM® - 5Zf(+) vector. pGEM- T vector is compatible with many restriction
enzymes. T7 and SP6 primers will facilitate the sequencing ofthe insert DNA (Promega, 2010)

1.6.5.1 Screening transformantsfor inserts by blue and white selection

Once the target insert gets successfully cloned in to pGEM®- T vector it would disrupt the
coding sequence of P-galactosidase and hence the recombined clones could be identified by
colour screening on the indicator plates. The colonies with the insert produces white colour
colonies and the blue colonies are colonies without the insert. Occasionally blue colonies too
may contain the target insert ifithad cloned in frame with the lacZ. gene. However, with longer

incubation time blue colour deepens and can be easily differentiated.

The pGEM®- T vectors are high copy number vectors containing T7 and SP6 RNA polymerase
promoters flanking a multiple cloning region within the a-peptide coding region ofthe enzyme

P-galactosidase. The enzyme P-galactosidase is a product of the bacterial lacZ. gene. It is
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separated on to two domains known as a-fragment and the co-fragment. These two domains act
together to form the functional P-galactosidase. Usually the co-fragment is expressed by the E.
coli host strain and the a-fragment is provided by the cloning vector. Once intact in frame, the
a-fragment will interact with the host strain co-fragment and create functioning P-galactosidase

known as ‘a- complementation’.

Bacteria capable ofproducing functional P-galactosidase would cleave the substrate X- Gal (5-
bromo-4-chloro-3-indolyl-P-D-galactopyranoside) creating blue colonies when grown on an
indicator plate containing IPTG/X-Gal (Promega, 2013a). However when the sequence of
interest (Insert DNA fragment) was inserted within this region, inactivation of the a-peptide
prevented ‘a-complementation’and produced white colonies. This facilitated the identification

ofrecombinants by blue/white screening on indicator plates (Promega, 2010).
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1.6.6 Viral Metagenomics technique

1.6.3.1 Introduction to viral metagenomics technique

The detection of new viruses often becomes hindered by difficulties in amplifying them in cell
culture, due to limitations in antigenic/serologic cross reactivity or the lack of nucleic acid
hybridization to known viral sequences (Delwart, 2007). 99% of viral infectious agents are
uncultivable and cannot be detected using conventional methods (Riesenfeld et al., 2004, Angly
et al.,, 2009). In addition there isn’ta single gene (universal gene) that is common to all viruses
due to the higher level of genetic modifications viruses undergo. Thus the total uncultured viral
diversity cannot be monitored using approaches corresponding to ribosomal DNA profiling

(Edwards, 2005).

In the latest metagenomic studies, viral particles from uncultured environmental and clinical
samples have been purified and their nucleic acids randomly amplified prior to sub cloning and
sequencing. Both recognized and novel viruses were then identified by comparing the
sequences to the viral sequences present in public sequence databases (Delwart, 2007). There
are 3810 viral whole genome sequences currently available at the NCBI GenBank database

(Siddiqui, 2007).

Viral Metagenomics technique for the classification of viruses have been used for
environmental samples such as seawater, near shore sediments, soil and clinical specimens
such as faeces, serum, plasma and respiratory secretions. This has contributed extensively to
the understanding of viral diversity (Delwart, 2007). Viral metagenomics has opened up the

doors for the detection and identification of viruses from natural habitats and biological

61



samples independent of PCR amplification and allows an unbiased classification of viruses.
Viral Metagenomics is a powerful tool that can be incorporated into the medical sector to study
uncultured viruses from biological samples where ordinary PCR assays fail to detect viruses

(Svraka et al., 2010).

Conventional methods of viral diagnostics use primers targeting the amplification of the more
likely viral groups that may be present in the sample. The technique is capable of detecting
only already known viral types and the presence of a new viral strain remains undetected. The
most prominent character of a virus is the rapid rate it undergoes mutations and its ability to
form new viruses in comparison to other organisms (Sanjuan et al.,, 2010). Viruses, particularly
RNA viruses, mutate at a very high rate per genome per replication (Regoes et al., 2013, Drake
and Holland, 1999). There is therefore a clear need for having a more precise technique which
can characterize all or any kind ofviruses present in the sample even when they are previously

unrecognized.

Viral Metagenomics is the answer for the detection and the identification of viruses with a
tendency for higher rate of mutations to form new strains. The approach focused on sequence-
independent amplification (whole genome amplification), sub cloning and sequencing of
purified viral nucleic acids followed by BLAST search for similar sequences to identify the
specific viruses from an environmental sample or fresh biological sample, is known as ‘Viral
Metagenomics’ (Delwart, 2007). Viruses extracted from human or an animal host is often
limited by the amount of viral DNA available. The properties of PhiX29 polymerase make it

possible to amplify the entire human genome, starting from as little as 10 cells, until 20—30mg
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of DNA are isothermally produced. Use of PhiX29 DNA polymerase based amplification for

viral discovery is becoming increasingly popular now a days (Delwart, 2007).

The Hllustra™ GenomiPhi™ V2 and HY DNA amplification kits are the latest additions to the
Phi 29 DNA polymerase family of products from GE Healthcare. GenomiPhi V2 DNA
amplification kit yields 4— pg ofrepresentative genomic DNA (gDNA) in 1.5 h from 1—0 ng
of input genomic DNA (Kumar, 2007). For better identification efficiency larger amount of
viral nucleic acids and less background prokaryotic and eukaryotic nucleic acids is an essential
requisite. Most researchers recommend the removal of background host DNA contaminations
by filtration using filters with pore size as small as 35nm. Alternatively treatment with
DNAasel and RNAase 1removes naked DNA and RNA leaving behind the viral DNA within
the viral capsids (Delwart, 2007). The purified viral DNA would be whole genome amplified,
digested with restriction enzymes, sub cloned and sequenced. By BLAST option available at
the NCBI database FASTA sequences obtained is aligned to match with the viral sequences
available at the GenBank database. As viral metagenomics is an emerging field with a high
scope of detection and identification capabilities of viruses from clinical specimens it is the

methodology adopted in this research project.

1.6.3.2 Studies ofpre-eclampsia carried out using viral metagenomics

To our knowledge, no study has been carried out to detect and identify viruses present in
biological samples of women with pre-eclampsia using viral metagenomics. Accordingly, the
current research project remains the first study to employ viral metagenomics to detect and

identify viruses in the placental tissues ofwomen with pre-eclampsia.
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1.6.7 Metagenomics using Sanger sequencing

The science of metagenomics is a recent discovery and has facilitated the investigation of
microbes in their natural environment itself. It is a discipline that enables the genomic study of
uncultured microorganisms using molecular genetic techniques. Metagenomics is the microbial
analysis tool with the best resolution and analyse genomic DNA from a whole community
(Prathapan, 2012, Attygalle, 2011). Understanding the microbial diversity and function in a
community can lead to the discovery of novel molecules for therapeutics and biotechnology

applications.

To protect human health it is necessary to develop and use methods which detect all microbes
present in a specific environment. Metagenomics have opened up the doors to study the
microbiome in biological specimens. Microbiome is the totality of microbes, their genetic
elements (genomes) & environmental interactions in a particular environment. Advancements
in sequencing technology have enabled the availability of the whole genome sequences of a
majority of clinically relevant micro-organisms. This brought other decisive aspects to the field
of metagenomics by discovering a vast majority of microorganisms which had previously

remained unnoticed (Riesenfeld et al.,, 2004, WHO, 2012).

Metagenomics based on Sanger sequencing is a method adapted prior to next generation
sequencing era. It is time consuming, due to the many steps involved, quite arduous and
expensive. Sanger sequencing, results in non-quantitative limited amount of data compared to
next generation sequencing (Liu et al., 2012). Metagenomics based on Sanger sequencing
requires the sub cloning ofthe PCR amplified template, sub cloning, picking up colonies with

the insert, sub culturing and sequencing the clones using capillary electrophoresis (Sanger
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sequencing) to identify bacteria, fungi and viruses present in the biological samples of women

with pre-eclampsia.

Figure 1.12 Metagenomics based on Sanger sequencing

Metagenomics based on Sanger sequencing involves the amplification of 16S rRNA gene
followed by cloning and Sanger sequencing the individual colonies for the identification of
bacteria.

By cloning 10 colonies per sample, obtaining a full picture of the bacterial population
(microbiome) present in the particular sample would not be a possibility. In contrast the next
generation sequencing technique has overcome these limitations and analyses high through put
data. It can identify bacteria in a mixed population without the need for cloning or culturing.
Therefor it is a convenient, economical, fast and accurate technique (Illumina, 2012b). Next

generation sequencing technique is the latest addition to the field of metagenomics.
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1.7 Metagenomics using Next Generation Sequencing

1.7.1 Introduction to Next Generation Sequencing

During the past few decades novel techniques have been discovered to decipher the genetic
code. Sanger sequencing played a vital role in genetic diagnostics and was behind the
successful completion ofthe human genome project. The Sanger sequencing method is capable

ofreading short DN A sequences ofabout 1000 bp (Zhang et al., 2011).

The automated Sanger sequencing also known as capillary sequencing is considered the ‘first-
generation sequencing technology’. The newer methods are referred to as ‘Next Generation
Sequencing (NGS) technology’ which has taken the sequencing technique to a new level
(Metzker, 2009). It is a rapid technique comparatively inexpensive and generates an ample
amount of sequencing data (Illumina, 2012b, Metzker, 2009). Its ability to sequence the whole
genome of many allied organisms facilitates the execution of comparative and evolutionary
studies, unimagined a few years back (Metzker, 2009). The technique leads to the roots of
many genetic disorders and will help in understanding the underlying genetic makeup of many

diseases such as pre-eclampsia.

The dawn of NGS technology 5 years back revolutionized the field of genetics by providing
considerable amounts of genetic information. This has led to many significant discoveries and
advancements in the fields of molecular diagnostics of human diseases, agriculture and
evolutionary sciences (Illumina, 2012b). Next generation sequencing technology sequentially
identify the nucleotide bases of small fragments of DNA and allows rapid sequencing of large

sections of DNA covering the entire genome. This cutting-edge instrument is capable of
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generating hundreds of giga-bases of genetic data from a single sequencing run (Illumina,

2012h).

In the next generation sequencing technology a single genomic DNA (gDNA) is fragmented
into a library of small segments. This library is then consistently and accurately sequenced in
millions of parallel reactions. The newly identified strings of bases called reads, are
automatically blasted against a known reference genome to find the complete microbiome. In
the absence of a reference genome it is considered a novel strain and is known as de novo
sequencing. Interestingly, the full set of aligned reads reveal the complete sequence of each

chromosome ofthe genomic DNA (Illumina, 2012b).

NGS technology is highly scalable and can be used to generate high throughput data for larger
genomes and lower output volumes for targeted studies or smaller genomes. The scalability
access the opportunity of sequencing small bacterial/viral genomes or specific regions like
exomes. In addition, multiplexing allows large sample numbers to be simultaneously
sequenced during a single experimental run. This is achieved by “barcode” sequences that are
added to each sample to differentiate between the samples for data analysis (Illumina, 2012b),

as illustrated in Figure 1.13 below.
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Figure 1.13 Sample multiplexing with the help of ‘Barcode sequencing’

"wo representative DNA fragments from two unique samples, each attached to a specific
>arcode sequence that identifies the sample from which it originated. Libraries for each sample
re pooled and sequenced in parallel. Each new read contains both the fragment sequence and
ts sample identifying barcode (lllumina, 2012b)

0 process hundreds of amplicon using Sanger sequencing requires several weeks or months
aider normal circumstances. In contrast, the same number of samples could be sequenced in a
natter of hours and can completely be analysed within two days using the NGS technique
[llumina, 2012b). Another important application of next generation sequencing is its ability to
dentify bacteria up to species level even in the presence of a mixed infection. This method is
widely used to study phylogeny, taxonomy and to evaluate bacterial diversity in a number of
lifferent environments. The technique gives out complete microbiome of samples that are

fherwise difficult or impossible to analyse (Illumina, 2012b, Mardis, 2008).
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1.72 16S Metagenomics using Next Generation Sequencing

Meta-genomics stratagem is based on whole genome shot gun sequencing of nucleic acids
purified from an environmental or clinical specimen. Over the past 10 years inetagenomic
shotgun sequencing has gradually shitted from classical Sanger sequencing technology to NCiS
(Thomas et al, 2012). Accordingly, the current trend of bacterial metagenomics technique is
the amplification of whole genome of the 16S ribosomal RNA gene of bacteria by PCR
followed by massively parallel sequencing using NCIS technology (Petrosino et al., 2009,

Jones, 2009, Barzon et al., 2012).

‘Metagenomics’ is the study of ‘metagenome’s or genetic materials isolated from microbial
communities within their natural habitat itself. As mentioned previously, metagenomics
depends on prokaryotic 16S ribosomal RNA gene which is approximately 1500bp with nine
scattered conserved and variable regions within the gene. This facilitates sequencing and

phylogenic classification up to species level for mixed microbial populations (Illumina, 2013Db).

Genetic studies of microbial communities using 16S metagenomics NGS has led to a broader
understanding of human health, disease susceptibilities, pathophysiology of infectious and
immune mediated diseases (Petrosino et al, 2009). The most important aspect of these
platforms is the ability to determine the complete genetic makeup from a single DNA fragment

of a library that is segregated on chips, eliminating the need for cloning or culturing prior to

sequencing (Nowrousian, 2010, Barzon et al, 2012).
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The use ofnext-generation sequencing technique for metagenomics results in receiving a large
amount of sequence data which are derived from numerous environments, such as soil, ocean
water and the human body. Analysis of such data has opened up a corridor into the vast
taxonomic and functional diversity of environmental microbial communities. The combination
of DNA, mRNA and protein based studies of microbial communities present in different
environments is the way to interpret the structure, function and relation of microbial

communities within an environment (Simon and Daniel, 2011).

Recent studies report that metagenomic analysis is the key to discover mixed infections. With
the increasing read lengths and decreasing cost, the latest bench top sequencers like ‘Next
Generation Personal Genome’machines might finally be used in routine diagnostic laboratories
(Junemann et al., 2012). lon Torrent and Illumina personal genome machines facilitate 16S
metagenomics to discover many bacteria from a heterogeneous clinical specimen with the
finest resolution (Junemann et al., 2012, Whiteley et al., 2012, Claesson et al., 2010, Thomas

et al., 2012).

The introduction of next-generation sequencing platforms such as the Roche 454 sequencer,
the SOLID system of Applied Bio-systems and the Genome Analyser of [llumina had greatly
influenced metagenomic research and has resulted in many studies exploring the taxonomic
and functional biodiversity in countless ecosystems (Simon and Daniel, 2011). In the future,
16S metagenomics could be used as a finger printing method to describe microbial community

profiles (Thomas et al., 2012).
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However, according to Simon and Daniel, a complication that exist with the metagenomic
technique is that certain sequences may remain unidentified due to the lack of a reference
sequence in the GenBank database (Simon and Daniel, 2011). However itis unlikely that the
limitation will be a problem for long with the rapid development observed in the field of
metagenomics. Already sequences of 16S rRNA gene along with its variable and conserved
regions have been determined for a larger number of organisms. These sequences are available
in multiple databases such as ‘NCBI Genbank’, ‘Greengenes’ and ‘Ribosomal Database
Project’ (Illumina, 2013b). Literature suggests that there are no other studies conducted in the
lines of the current research project. This will be the first time bacterial metagenomics using
[llumina MiSeq next generation sequencing technique will be conducted for the detection and

identification of infectious bacteria in association with pre-eclampsia.

1.7.3 Illlumina MiSeq personal sequencing system

Illumina MiSeq personal sequencing system is one of the most accurate and easy to use bench
top genetic analysers. The optimized sample preparation kit, push button sequencing and
automated data analysis has made it possible to sequence a sample within two days. With the
availability of ‘Base Space’ option it is possible to store, analyse and share data without the
need of additional hardware making it very cost effective and simple. MiSeq sequencing

workflow consists of four main steps;

m Library Preparation
m Cluster Generation
m Sequencing

m Data Analysis
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Sample preparation is critical for successful sequencing; therefore the aim of the sample
preparation step is to obtain nucleic acid fragments with adapters attached on both ends as

shown in Figure 1.14 below

Figure 1.14 Dual index library

Target DNA insert flanked with two indexes (adapters) (Illumina, 2013Db)

Samples are prepared using the ‘Nextera sample preparation kit which uses transposomes to
fragment the DNA and to add adapters. This kit does not require separate fragmentation and is

tagged with enzyme mix as shown in Figure 1.15.

Figure 1.15 Nextera sample preparation workflow

A) Nextera transposomes with adapters
B) Tagmentation to fragment and add adaptors

C) Limited cycle PCR to add sequencing primer sequences and indices (lllumina,
2013Db)
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Figure 1.16 below illustrates the mechanism of cluster generation, bridge amplification &

sequencing involved in Illumina MiSeq next generation sequencing platform.

73



Rcvarxc Strand Cl«avage Blocking

(Ilumina, 2013 a)

Figure 1.16 Mechanism of cluster generation, bridge amplification & sequencing

The DNA insert flanked with adapters are then subjected to cluster generation followed by
bridge amplification and will be sequenced by synthesis mechanism (lllumina, 2013a)

As mentioned before ‘cluster generation’is the second step in the MiSeq sequencing workflow.
As illustrated in Figure 1.16, the single DNA molecule will be binding to the surface of lllumina
MiSeq chip and would be amplified on the surface by getting hybridized to the primer lawn.
Bound libraries then would begin extending by polymerases. It is fascinating to observe the

random binding of the individual molecules to the flow cell.

Next, the double stranded DNA molecule will be denatured and the original template will be
washed away. The newly synthesized strand would then get covalently attached to the flow cell

surface. Following this, the single stranded molecules flip over and form a bridge by
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hybridizing to the adjacent complement primers. The hybridized primer is then extended by
polymerases and the double stranded bridge is formed. At this stage the bridge amplification

cycle would be repeated until multiple bridges are formed.

Later the double stranded bridge is denatured and results in two copies of covalently bound
single stranded templates. Next the reverse strands would be cleaved and washed away leaving
a cluster with only the forw ard strand. Then free 3’ ends are blocked to prevent unwanted DNA
priming. Following this sequencing, primers are hybridized to adapter sequence. Finally this
leads to the concept of sequencing by synthesis. This is the third step of the MiSeq sequencer
workflow. This approach is also known as ‘paired end sequencing’ (Illumina, 2013a). The final
step in the MiSeq workflow is to analyse the data. MiSeq reporter software (MRS) available
on the MiSeq personal sequencer itselfis able to align and assemble sequences to deliver results

up to genus level (Illumina, 2013a).
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1.7.4 Other Next Generation Sequencing platforms

The platforms for massively parallel DNA sequencing are in demand today due to its promising
nature. The Roche/454 FL X, the Illumina/Solexa Genome Analyser and the Applied Biosystem
SOLID™ system were the first to be introduced to the market. In addition the Helicos
Heliscope™ and Pacific Biosciences SMRT instruments (Mardis, 2008) were also brought in.

Table 1.1 gives an account of these platforms.

The pace at which the changes are taking place in this field is quite rapid, with the technology
being improved each year and new platforms are being introduced with significant
modifications. In 2011, another three major new sequencing platforms were released: lon
Torrent’s PGM, Pacific Biosciences’ RS and the Illumina MiSeq (Quail et al., 2012). All such
iImproved sequencers have the capability to generate massive amounts of informative
sequencing data. However, key differences do exist between the quality of data and the

applications it supports (Quail et al., 2012).
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The lon Torrent PGM uses semiconductor technology to detect the release ofprotons with the
incorporation of nucleotides during the DNA synthesis. DNA fragments with specific adapter
sequences are linked and clonally amplified by emulsion PCR on the surface of a 3-micron
diameter beads, known as lon Sphere Particles (Quail et al.,, 2012). The template beads are
loaded into proton sensing wells that are fabricated on a silicon wafer and sequencing is primed

from the specific location in the adapter sequence. Each of the four bases is introduced

sequentially (Quail et al., 2012).

The sequencing technology is led by Illumina today with their ‘sequencing by synthesis’
approach, utilizing fluorescently labelled ‘reversible terminator’ nucleotides on clonally
amplified DNA fragments restrained on an acrylamide coating on the surface of a glass flow
cell (Quail et al., 2012). The Illumina Genome Analyser and more recently the HiSeq 2000 sets
the standard for high throughput massively parallel sequencing. Adding to this in 2011,
Illumina also released a lower throughput fast turnaround instrument; the MiSeq, directed at

small scale laboratories and the field of clinical diagnostics (Quail et al., 2012).

The MiSeq records the highest throughput perrun (1.6 Gb/run, 60 Mb/h) and lowest error rates.
The 454 GS Junior produced the longest reads (up to 600 bases) and most contiguous
assemblies but had the lowest throughput (70 Mb/run, 9 Mb/h) (Loman et al.,, 2012). Run in
IOObp mode, the lon Torrent PGM has the highest throughput (80—00 Mb/h) while the MiSeq

has the highest accuracy (Loman et al., 2012).
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Table 1.2 and Figure 1.17 give a briefcomparison between Illumina MiSeq bench top genetic
analyser and lon Torrent personal genome machine. Accordingly, MiSeq uses the ‘reversible

terminator sequencing by synthesis’ technology and lon Torrent uses the ‘semiconductor’

mechanisms.

a) lllumina MiSeq b) lon Torrent PGM

Figure 1.17 Comparison between Illumina MiSeq and lon Torrent PGM

[llumina MiSeq employees the ‘reversible terminator sequencing by synthesis’ mechanism
whereas the lon Torrent PGM uses ‘semiconductor’ mechanisms, picture source: (lllumina,

2013a, BGI, 2014).
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Table 1.2 Comparison between Illumina MiSeq and lon Torrent PGM

PGM MiSeq
Out Put 10 MB—00 MB 120 MB—.5 GB
Read length -200 bp Up to 2 x 150 bp
Sequence time 2 h for 1 x 200 bp 3 h for 1 x 36 single read

27 h for 2 x 150 bp pair
end read

Sample preparation time 8 samples in parallel in less As fast as 2h, by 15

than 6 h minutes hands on time
Sequencing method Semiconductor technology  Sequencing by synthesis
with a simple sequencing (SBS)
chemistry
Potential for development Various parameters Limited factors, major
_ concentrate in flow cell
(Read length, cycle time, surface size, insert sizes,
accuracy, efc.) and how to pack cluster in
tighter
Input amount flg ng (Nextera)
Data analysis Off instrument On instrument

MB, Mega bite; GB, Giga bite; bp, base pairs; h, hours; pg, micro gram; ng, nanogram

(Liu et al., 2012)
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1.7.5 Pre-eclampsia studies carried out using Metagenomics NGS

There are no pre-eclampsia studies carried out using metagenomics next generation
sequencing. As a result the research project discussed in this thesis remains the first study
carried out to detect and identify infectious agents present in the placental tissue samples of
women with pre-eclampsia using metagenomics next generation sequencing technique.
Accordingly, metagenomics analysis was carried out on 55 placental tissue samples of women

with pre-eclampsia and 55 normotensive women using the Illumina MiSeq Personal Genome

Sequencer.
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1.8 Objectives

1.8.1 General Objectives
The objective ofthis research project was to study the viruses, bacteria and fungi present in the
placental tissues of women with preeclampsia and normotensive pregnant women using

molecular genetic techniques.

1.8.2 Specific Objectives

Phase 1 of the study

m To extract the microbial DNA from the respective patient samples.

m To amplify the 16S rRNA gene of bacteria, 28S rRNA gene of fungi and the whole
genome ofviruses present in the placental tissue samples

m To identify the infective organism(s) responsible for the cause of pre-eclampsia using
cloning based Sanger sequencing.

m To find whether there is an association between pre-eclampsia and infectious agents
Phase 2 of the study

m To carry out bacterial metagenomics next generation sequencing on the placental tissue
samples obtained from the 55 women with pre-eclampsia

m To carry out bacterial metagenomics next generation sequencing on the placental tissue
samples obtained from the 55 normotensive women

m To detect and identify the bacteria further in order to find the association of bacteria
with pre-eclampsia.

m To compare the two latest metagenomics approaches; which is the ‘16S Metagenomics
Next Gen Sequencing’ methodology and the ‘PCR Independent Metagenomics Next

Gen Sequencing’ methodology.
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2 METHODOLOGY

2.1 Study design

This was a case control study where 55 women with pre-eclampsia and 55 normotensive
pregnant women matched for age, Body Mass Index (BM1) and parity delivering via caesarean
section were recruited for the study. Taking into consideration the possibility that past obstetric
history as well as labour may have an effect on risk of infection; this study was confined to
primiparous women with preeclampsia and to primiparous controls that underwent elective
caesarean section prior to going in to labour spontaneously or induction of labour. The study
was carried out in two phases; in phase 1the samples were screened forthe presence ofbacteria
and fungi by PCR for the 16S rRNA and 28S rRNA gene. Viral Metagenomics was performed
for the identification of viruses. In phase 2, the samples which were positive for the 16S rRNA

gene were subjected by next generation sequencing on an Illlumina MiSeq platform.

2.2 Ethical considerations

Ethical clearance was obtained for this study from the Ethics Review Committee ofthe Faculty
of Medicine, University of Colombo and the research project conformed to the provisions of
the Declaration of Helsinki. At all times privacy and confidentiality of the participants was
maintained. Written informed consent was attained from the participants enabling them to
make the decision personally without any influence. The data collection booklet was designed
to ensure confidentiality of the information gathered. Both participants were given a code
(subject study number) and the personal details ofthe participants were kept separate from the
data sheet under lock and key. The data base and the computer containing the data base was

password protected.
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This study was carried out to ascertain whether there was an association between infectious
agents with pre-eciampsia. The findings of this study would benefit the subjects and also other
pregnant women in the future. Volunteer participants were given the liberty to question the
investigators about the tests, procedures and other required information and were given the
contact numbers of the investigators in case they needed to clarify any doubts about the study.
As the study was open to all ethnic groups in Sri Lanka, consent forms and information sheets
were printed and were made available in Sinhala, Tamil and English so that the participants

could choose the language of their choice.

All volunteers were literate enough to read and understand the information sheet and sign the
consent form. If the participants had any questions about the study they were free to ask the
investigator and were answered before consenting. Any woman was free to withdraw her
consent at any time, with no penalty or effect on medical care or loss ofbenefit received from
the hospital. This study has a social and scientific validity as it would help to understand the
role of infectious agents in association with preeclampsia. This will be helpful for improved
clinical management of patients with preeclampsia. The study used more advanced molecular

genetic techniques with higher accuracy to ensure the scientific validity.
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2.3 Definition of Pre-eclampsia

The International Society for the Study of Hypertension in Pregnancy (ISSHP) defines pre-
eclampsiaas de novo hypertension (systolic blood pressure (SBP) of> 140 mmHg and diastolic
blood pressure (DBP) of > 90mmHg) subsequent to 20 weeks of gestation in an earlier
normotensive pregnant woman, which proceeds back to normal by the end of the third month
postpartum, in association with proteinuria of > 300 mg protein/day on a 24 hour urine

collection (Brown et al., 2001).

In the recruitment hospitals where this study was conducted, the ‘Urine Protein Heat
Coagulation Test” (HCT) was performed by the nurse or the midwives. Dissanayake et al had
validated the detection of proteinuria using the HCT, and confirmed a cut offof> 1+ as being
equivalent to >300mg protein/day (Dissanayake et al.,, 2004). As such pre-eclampsia for the
purpose of this study was defined as de novo hypertension (systolic blood pressure (SBP) of >
140 mmHg and diastolic blood pressure (DBP) of > 90mmHg) subsequent to 20 weeks of
gestation in an earlier normotensive pregnant woman, which proceeds back to normal by the
end of the third month postpartum, in association with >1+ proteinuria detected through the

urine protein heat coagulation test (HCT).
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2.4 Recruitment of subjects

24.1 Recruitment ofwomen with pre-eclampsia (cases)

This study was conducted in primiparous (PiCo) women with no known risk factors for pre-
eclampsia. These patients were recruited from the De Soysa Hospital for Women and the Castle
Street Hospital for Women, Colombo and also from Kethumathi Hospital, Panadura during the
period January 2010 to June 2011. The protocols used for the patient management in the
recruiting hospitals were similar in terms of access to drugs, investigations and other facilities.

Wrritten informed consent was obtained from all participants.

Strict inclusion and exclusion criteria were considered before recruiting the participants to the
study. Medical data ofpatients entered in the antenatal clinic card, admission card and in patient
records were extracted and considered before recruiting the patient to the study. All volunteers
recruited for the study were questioned personally to obtain past medical data. Inclusion criteria
forthe selection ofcases were women with pre-eclampsia (women with new onset hypertension
of systolic and diastolic blood pressure of > 140/90mmHg and Proteinuria of > 1+ on HCT)

undergoing delivery through caesarean section.

Vaginal delivery, forceps and vacuum assisted vaginal delivery, ischemic heart disease,
cerebrovascular accidents, insulin or non-insulin dependent diabetes mellitus, Body Mass
Index > 30 kg/m2based on height and weight measured at the antenatal booking visit or post-
partum in case of in booked pregnancies, multiple gestation, gestational diabetes in the current
pregnancy, connective tissue disorder, long term steroid uses, endocrine disorders and valvular

heart disease were the exclusion criteria for recruitment of patients to the study. In addition,
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obstetric conditions that confer an increased risk of infection (i.e. premature rupture of

membranes, preterm labour and women with any known infection) were also considered as

exclusion criteria.

Severe maternal morbidity was defined as of: systolic blood pressure (SBP > 160mmHgQ);
diastolic blood pressure (DBP >110 mmHg); proteinuria > 3+ on HCT ( > 150 mg/dL);
thrombocytopenia (< I00Ox 109 L); impaired liver function (Aspartate aminotransferase (AST)
and Alanine aminotrasnferase (ALT) > 70 U/L); renal failure requiring dialysis; placental
abruption and eclampsia (Dissanayake et al.,, 2007). Early onset preeclampsia was defined as
the disease onset at < 34 weeks of gestation. All these clinical features are associated with
maternal morbidity and mortality. Severe prenatal morbidity was defined as: delivery at < 34

weeks of gestation and birth weight < 2kg (Dissanayake et al., 2007, Dissanayake et ah, 2004).

2.4.2 Recruitment of normotensive pregnant women (controls)

Recruitment of normotensive pregnant women was carried out simultaneously with the
recruitment of women with pre-eclampsia from January 2010 to June 2011. The normotensive
women were matched for parity, age and Body Mass Index (BMI) from the same recruiting
hospitals as above (De Soysa Hospital for Women, the Castle Street Hospital for Women,

Colombo and the Kethumathi Hospital, Panadura).

Normotensive pregnant women undergoing delivery through caesarean section due to
medically uncomplicated reasons were referred to the study. Similar to the exclusion criteria

of selecting cases; vaginal delivery, forceps and vacuum assisted vaginal delivery, ischemic
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heart disease, cerebrovascular accidents, insulin or non-insulin dependent diabetes mellitus,
Body Mass Index > 30 kg/m2 based on height and weight measured at the antenatal booking
visit or post-partum in case of in booked pregnancies, multiple gestation, gestational diabetes
in the current pregnancy, connective tissue disorder, long term steroid uses, endocrine disorders
and valvular heart disease were the exclusion criteria for the recruitment of controls to the
study. In addition normotensive pregnant women with pregnancy complications, intra uterine
growth restrictions, pre-term delivery (thatis before 37 weeks and having a baby with low birth
weight of< 2kg), premature rupture of membranes and preterm labour were also excluded from
the study. If this initial inclusion and exclusion criteria were met then they were screened for
parity, age and BM1 to ensure that the women in the control group matched the women with

pre-eclampsia recruited to the study.

Accordingly, 55 normotensive non proteinuric pregnant women matched for parity, age and
BMI were selected as controls. Women with pre-eclampsia and normotensive pregnant women
recruited to the study were compared on a daily basis to ensure recruitment of proper matched
cases and controls. Only women undergoing caesarean section were selected while recruiting
women with pre-eclampsia (cases) and normotensive pregnantwomen (controls). All voluntary
participants (cases and controls) recmitment data were entered in to a database for statistical

analysis maintaining the confidentiality and privacy of the subjects.
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2.4.3 Comparing two cohort studies

A similar study was carried out in the period of 2001- 2003 by Dissanayake et al, where 180
nulliparous women with pre-eclampsia and 180 nulliparous normotensive pregnant women were
recruited for a study into genetics of pre-eclampsia (Dissanayake et al., 2007). Same inclusion and
exclusion criteria were followed in both the studies but the present study was limited to women

with pre-eclampsia who delivered only through caesarean section.

The study carried out in 2001 -2003 recruited nulliparous women (women who have never given
birth and were in their first pregnancy) and similarly the current study was also carried out on
primiparous women (women who were in their first pregnancy). The study by Dissanayake et al
was carried out at De Soysa Maternity Hospital, Colombo and Castle Street Hospital for Women,
Colombo. The current study was carried out at the De Soysa Maternity Hospital, Castle Street
Hospital for Women, Colombo and Kethumathi M aternity Hospital in Panadura. All hospitals at
which these women were recruited are government hospitals following the same standard

procedures in diagnosing and managing women with pre-eclampsia.

These two cohorts (women with pre-eclampsia as case group and normotensive pregnant women
as control group) recruited maintaining same inclusion and exclusion criteria from similar hospitals

Is analysed and compared in this thesis.
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2.5 Sample size calculation

Sample size was calculated according to a previous research study that reported on the
association of infectious agents found in placental tissues obtained from women with pre-
eclampsia and normal pregnant women (Barak, 2007). Based on this report the sample size was
calculated using the 'sample size calculation for matched case control studies' function of the
“Stats Direct” statistical software package. Given that the probability of exposure of controls
was 0.15 and the increased risk associated with the presence ofinfectious agents in the placenta
(odds ratio) was 3.5, 55 cases and 55 matched controls would be required to have 80%
probability of detecting a real effect and 5% probability of accepting the null hypothesis by

chance.

2.6 Sample collection
The following samples were collected from both the women with preeclampsia and
normotensive pregnantwomen recruited to the study. Stringent aseptic measures were followed

throughout the collection and analysis of the samples to prevent contamination.
. Placental tissue

After the delivery of the baby the placenta was delivered and placed on a sterile tray. A small
piece ofthe placental tissue (cotyledon close to the insertion ofthe umbilicus) was immediately
dissected by the surgeon and was placed in a sterile insulated container on ice. This was

iImmediately transferred to the laboratory and was stored in the -80°C freezer.
ii.  Amniotic Fluid

Approximately 5-10ml of amniotic fluid was collected into a sterile container at the time of

making the caesarean section incision.
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ii.  Blood
3ml of venous blood was collected into a 5ml heparin tube at the time of cannulation for the

caesarean section.

V. Urine

10ml of urine was collected on to sterile containers at the time of catheterization for the

caesarean section.

2.7 Sample transportation and storage

Dissected placental tissue sample, amniotic fluid, urine and blood samples collected at the time
of delivery were immediately transported within 15-30 minutes to the Human Genetics Unit
at the Faculty of Medicine, University of Colombo in an insulated container with ice. They

were stored in the -80°C freezer in a labelled sterile container.
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PHASE 1

2.8 Detection of bacteria from the placental tissue samples

2.8.1 DNA extraction

Phase 1 began with the extraction of DNA from the placental tissue samples obtained from
women with pre-eclampsia and normotensive pregnantwomen using QlAamp® DNA MINI kit
(QIAGEN Ltd, USA). This kit provided a fast and easy method for purification of total DNA
(e.g., genomic, viral, mitochondrial) from whole blood, plasma, serum, buffy coat, bone
marrow, other body fluids, lymphocytes, cultured cells, tissues and forensic specimens
(QIAGEN, 2010). 25mg ofthe placental tissue was excised into small pieces with the use of a
sterile blade and transferred into a sterile 1.5ml micro-centrifuge tube (Usually Img of tissue
would yield approximately 0.2-1.2pg of DNA). 180pl of Tissue Lysis buffer (ATL) was added
for complete lysis of the tissue. 20ju.l of proteinase K was added, mixed by vortexing and
incubated in a shaking water bath at 56°C till the tissue was completely lysed. Micro-centrifuge
tubes were briefly centrifuged to remove drops from the inside of the lid. 200pl Cell Lysis
buffer (AL) was added and mixed by pulse vortexing for 15seconds and incubated at 70°C for
10 min. To this sample 200pl of 96-100% ethanol was added and contents mixed by pulse

vortexing.

This mixture was carefully transferred to a QlAamp Mini spin column without wetting the rim
and centrifuged at 8000rpm for 1 min. The filtrate was discarded and the mini spin column
placed in a fresh collection tube. To this, 500pl Wash buffer (AW 1) was added and centrifuged
for 8000rpm for 1 min. Subsequently, 500pl of buffer AW2 was added and centrifuged at
14,000 rpm for 3 min. Finally, the spin columns were placed in a sterile 1.5 ml micro-centrifuge

tube and 200ul buffer AE (IOmMM Tris.Cl; 0.5mM EDTA; pH 9.0) added. After incubating for
92



5 minutes it was centrifuged at 8000 rpm for 1 min and the purified DNA stored at -20°C. The
expected yield from 25mg of tissue would be approximately 10-30pg of DNA (QIAGEN,

2010).

2.8.2 Polymerase Chain Reaction (PCR)

For the detection ofbacteria, 16S rRNA gene ofbacteria was amplified using the ‘Polymerase
Chain Reaction” (PCR) method. The polymerase chain reaction amplifies a single or a few
copies of a fragment of DNA into thousands and millions of copies. The method comprises of
repeated heating cooling cycles carried out on athermo-cycler and was a method initiated by
Dr. Kary Mulis in 1983 (Lynch and Brown, 1990, Saiki et al., 1988, Saiki et al., 1985, Coates
et al.,, 1991). Amplifying the 16S rRNA gene and analysing its sequence is the basis for
bacterial identification. This method used a set of universal primers 16S rRNA BSF8/20 (5°-
AGA GTT TGA TCC TGG CTC AG -3’) and 16S rRNA BSR514/18 (5’- ATT ACC GCG
GCCT GCT GGC -3’) to amplify the 16S rRNA gene ofbacteria. This will result in a 511 bp

band when run on a 1.5% Agarose gel.

Thus, for 5pi of the 5x PCR reaction buffer (IOmM Tris-HCI, 50mM KC1, 1,5mM MgCh, pFl
8.5, 20°C) 1.5pl of 25mM MgCl2, 1.25pl of 2mM dNTP’s (dATP, dGTP, dTTP and dCTP)
was added. 0.3pl of each 50pM forward and reverse 16s rRNA primers (15pmol) and 0.2pl
(1U) of Go Tag DNA polymerase (Promega, USA) was added to the above mixture along with
3pi of purified DNA. Volume of the PCR mixture was adjusted to 25pl using distilled water

(dH20).
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The previously named reaction mixtures were placed inside the ABI 2720 thermo-cycler
(Applied Bio-Systems, Life Technologies USA). Initial denaturation of the genome was set at
95°C for 5 minutes, then 40 cycles of repeated heat denaturation of 30s at 94°C, annealing of
the primers at 61.5°C for 30seconsd with the extention taking place at 72°C for 30 s. This
reaction was concluded with a final extention at 72°C for 10 minutes and was held at 4°C. The
presence of bacteria was confirmed by the presence of the amplified 16S rRNA gene detected

by agarose gel electrophoresis.

2.8.3 Agarose gel electrophoresis
This is the standard technique used to separate and detect the amplified nucleic acid product
(Barril, 2012, Sambrook, 2001). Gel tray was sealed from either sides using tape to make a

mould.

0.50g of molecular biology grade ‘Agarose’ (Helena BioSciences, UK) was measured using a
digital weighing scale and was added to a conical flask. To make a 2% gel 25ml of Ix Tris
Borate Ethylene di amine tetra acetic acid buffer (TBE) was added to the agarose powder.
Agarose was dissolved in TBE buffer by heating it for 1 min in a microwave and 0.5pg/ml of
Ethidium bromide was added. The hot gel mixture was then poured into the casting tray with a
comb of the precise number of wells and kept aside to set into a gel. Once the gel was set,
combs were removed and the gel placed inside the gel electrophoresis apparatus with Ix TBE
buffer. The gel was placed 0.5-1mm above the casting tray to make sure the well was formed

properly (Sambrook, 2001).
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801 of the PCR product mixed with 2pl of 6x loading dye (15% W/v Ficoll, 0.255 (w/v)
bromophenolblue, and 0.25% (w/v) xylene cyanol) and loaded onto the gel. 1pi of 6x loading
dye mixed with Ipl ofthe marker DNA (ladder) was loaded onto the first well ofthe gel. DNA
markers are available in different sizes and could be purchased commercially as per the need.
A 100bp ladder (Promega, USA) was used as the expected amplified product size was
approximately 500bp. A positive and a negative control samples were also run along with the

experimental samples.

After loading the gel, a voltage of 60V (I-8V/cm) was applied. When the voltage was applied
the negatively charged DNA molecules migrated towards the anode. Smaller fragments of
DNA moved faster compared to the larger fragments and this enabled a size separation of the
DNA molecule. Depending on the concentration ofthe gel (Gel percentage) and the amount of
voltage applied the DNA migration rate and resolution would vary. After 30 minutes, the gel
was observed under an UV trans-illuminator. The added Ethidium bromide intercalated with
the DNA particles and fluorescence was detected under UV light. This aids in visualizing the
separated DNA fragments as per their sizes (Dissanayake, 2004). Accordingly a 500bp band
was detected confirming the amplification of 16S rRNA gene which indicated the presence of

bacteria. Gel was pictured by the gel documentation system and was saved for future analysis.
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2.8.4 Automated sequencing

Exo- SAP purification was carried out by adding Ipl of 10x buffer Exo 1, 1pi of 10x buffer
SAP, Ipl ofthe SAP enzyme and 0.25pl of Exol enzyme (Fermentas, Life Sciences, USA) to
the 5pl of PCR product. dFLO was added to make the volume to 10pl and the enzymatic reaction
was allowed to take place at 37°C for 15 minutes in the thermo cycler (2720 Applied bio-

system, USA). This reaction was inactivated at 80°C for 15 minutes and was held at 4°C before

commencing the cycle sequencing reaction.

Cycle sequencing mixture was prepared by adding 2pl of 5x buffer, Ipl of the 12.5pM 16S
BSF primers and 0.8pl of cycle sequencing mix supplied by the Big Dye® termination v3.1
cycle sequencing kit (Applied bio-systems, USA). 3pi of the Exo-SAP purified PCR product
was added and the reaction volume was adjusted to 10pl with dFhO. This reaction was carried
out on ice in a dark laboratory setting as the cycle sequencing mix is light sensitive. The
prepared reaction was subjected to initial denaturing at 96°C for 1 minute followed by 25 cycles
of denaturing at 96°C for 30 seconds, annealing temperature at 50°C for 15 seconds and
extension at 60°C for 4 minutes. Cycle sequencing was completed with a final extension at

28°C for 1 minute and was held at 4°C in the thermo cycler.

Nextstep was to clean the cycle sequencing reaction with the help ofJust-a-Plate™ sequencing
reaction clean up kit for Big Dye® Terminator kit (AZCO Biotech, Inc.). Accordingly, the cycle
sequencing product obtained was thoroughly mixed with 2pi ofbinding buffer supplied by the
sequencing reaction clean up kit above and 25.5pl of 100% ethanol. This was subjected to
centrifugation at 13000 rpm for 20 minutes at 4°C in a micro-centrifuge. Contents were pipetted

out without touching the wall ofthe tube and were kept to air dry in dark conditions. The dried
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tubes were washed with 40pl of 70% ethanol and were placed on a dry block set at 65°C for 5
minutes. The purified sequencing products were eluted in 10.3pi of Hi- DIi™ formamide
(Applied Bio-systems Life Technologies, USA). The contents were centrifuged at 13000 rpm
for 15 minutes at 4°C, denatured at 95°C for 5 min and were placed in -20°C prior to automated

sequencing. All steps were carried out in dark conditions.

2.8.5 Analysis of ‘Electrophorogram’

After the completion of the automated sequencing process, the next step was to analyse the
resulting electrophorogram. The sequence was analysed with the help of Bio Edit 7.5.0.3
software and was copied into a FASTA format. FASTA sequence obtained was BLAST against
the microbial genome database available atthe NCB 1 website. This facilitated the identification
of the bacteria present in the sample. However, if the electrophorogram appears distorted
‘multiple overlapping nucleotide peaks in the electrophorogram showing distorted sequence’,
such an electrophorogram can only be due to the presence of different sequences generated
from multiple organisms. In such a situation the PCR amplification ofthe 16S rRNA gene was

cloned and sequenced.

2.8.6 Cloning Experiment

2.8.6.1 Gelpurification ofthe PCR product

First step prior to cloning is the gel purification of the PCR product. Accordingly, all samples
which gave positive results were subjected to a repeat PCR to amplify the 16S rRNA genes
common to all bacteria. PCR amplified products were then gel purified using Wizard® SV Gel

and PCR Clean-Up System (Promega, USA). 50pl of PCR amplification reaction was loaded
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onto a 1% gel and was allowed to run on a gel electrophoresis apparatus. Once the desired
band which is 500bp, was properly separated it was excised from the gel and was placed in a
1.5 ml micro centrifuge tube.UV protecting glasses along with the facemask was worn while
excising the band from the gel. Exposure of Ultra violet light ought to be curtailed as far as

possible in order to reduce the formation of pyrimidine dimers.

10pl of membrane binding solution supplied with the Wizard® SV Gel and PCR Clean-Up
System (Promega, USA) was added to per IOmg of gel slice. It was vortexed and incubated at
60°C until the gel slice was completely dissolved. The dissolved gel mixture was transferred
on to the SV mini column and incubated at room temperature for 1 minute. It was centrifuged
at 14,000 rpm for 1 minute and the flow through was discarded. 700pl of membrane wash
solution was added and centrifuged at 14000 rpm for 1 minute. This washing step was repeated
with 500pl of membrane wash solution which has pre-added 95% ethanol. After centrifuging
for 5 minutes at 14000 rpm the mini column was placed at room temperature for 5 minutes to
evaporate any remaining ethanol. Finally, purified DNA was eluted in 50pl of nuclease free
water by centrifugation at 14000 rpm for 1 minute. Eluted purified DNA was stored in a -20°C

freezer till the commencement of cloning experiments.

2.8.6.2 Cloning the targetDNA usingpGEM - T®vector

Gel purified DNA product was cloned using pGEM- T® vector in accordance with the user
manual (Promega, 2010) and the procedure followed is described in this section. The pGEM -
T® vector and control insert DN A tubes were briefly centrifuged to collect the contents at the

bottom of the tubes. 2x ligation buffer were vortexed vigorously before each use. The
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experiment was carried out in 0.5m| tubes known to have low DNA-binding capacity. Ligation

reactions were set up as illustrated in Table 2.1 below;

Table 2.1 Ligation reaction

Standard Positive Background

reaction control control
Reaction Component

0*1) (pl) (ph)

2X Rapid Ligation Buffer, T4 DNA 5 5 5
Ligase
PGEM®- T vector (50ng) 1 1 1
PCR product 3* - -
Control Insert DNA - 2 -
T4 DNA Ligase (3 Weiss units/pl) 1 1 1
Nuclease free water to a final volume of 10 10 10

The prepared reaction mixture was mixed by pipetting and was incubated at room temperature
for 1 hour followed by incubation at 4°C overnight. Only T4 DNA ligase supplied with the kit
was used to avoid exonuclease activity that may remove the terminal deoxy thymidines and
may degrade the T over hangs on the vector. Since 2x Rapid Ligation Buffer contained ATP,
which degrades during temperature fluctuations, single use aliquots ofthe buffer were prepared
prior to the commencement ofthe ligation procedure. Ligation reactions using this buffer were
incubated overnight to produce the maximum number of transformants and increase the

number of colonies after transformation (Promega, 2010).
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2.8.63 Transforming the recombinedpGEM®-T vector into competentcells IM109

Next step following ligation was the transformation ofrecombinant vector into the competent
cells. High efficiency JM109 competent cells (>Ix1Oscfu/pg DNA) were used for the
transformation reaction. These cells were provided with the pGEM®-T vector kit Il (Promega,
USA). The genotype of JM109 is recAl, endAl, gyrA96, thi, hsdRIl (rK-mK+), relAl,
supB44, A{lac-proAB), [F, traD36, proAB, /aclgZAM15] (Messing et al., 1981, Promega,

2010).

Before the transforming experiment commenced plates with ampicillin/IPTG/X-Gal were
prepared with the commercially available imMedia™ Amp Blue (Invitrogen™, Life
Technologies, USA). Prepared plates were equilibrated to room temperature. Tubes containing
the ligation reactions were centrifuged to collect the contents at the bottom. 2pi each ofligation
reaction was added to a sterile 1.5ml micro centrifuge tube on ice. Another tube with O.Ing
uncut plasmid were prepared and kept on ice for the determination of the transformation
efficiency ofthe competent cells. JIM109 High efficiency competent cells were placed in an ice
bath untiljust thawed. The cells were mixed by gently flicking the tubes and avoiding excessive

pipetting since the competent cells are extremely fragile.

50pl of cells were then transferred into each prepared tube and 100pi competent cells added to
the tube containing the O.Ing uncut plasmid. The tubes were gently flicked to mix and were
placed on ice for 20 minutes. Cells were heat shocked for 45-50 seconds in a water bath exactly
at 42°C without shaking and immediately replaced on ice for 2 minutes. 950pl of room

temperature ‘Super Optimal broth with Catabolite repression’ medium (S.0.C medium)
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(Invitrogen™ | Life Technologies, USA) was added to the tubes containing cells transformed

with ligation reactions and 900pi to the tube containing cells transformed with uncut plasmid.

Tubes were incubated at 37°C for 1.5 hours, shaking approximately at 150 rpm. 10Opl of the
transformed cultures were cultured on to duplicate LB/ampicillin/IPTG/X-Gal plates.
Transformed control was plated in a 1:10 dilution on S.0.C. Medium. Plates were incubated at
37°C overnight to obtain blue and white colonies. White colonies contained the insert of

interest and would appear approximately 1mm in diameter (Promega, 2010).

2.8.6.4 Transformation efficiency calculation

After 100pi of competent cells were transformed with O.Ing of uncut plasmid DNA, the
transformation reaction was added to 900pl of S.O.C. medium (O.IngDNA/mI). From that
volume, a 1:10 dilution with S.O0.C. medium (O.0OIngDNA/mI) was made and 100pl was plate
onto two plates (0.001 ngDNA/LOOpl). The transformation efficiency was calculated for the

JM 109 competent cells as follows;

Transformation efficiency = Number ofcolony forming units
0.001Ing
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2.8.6.5 Sub culturing

After carefully selecting the white colonies with the insert it was necessary to subculture the
clones for further analysis and for the preparation of plasmids. Luria-Bertani broth (LB) was
prepared by dissolving 2.5g of LB powder (SIGMA-ALDRICH, USA) in 100 ml of dKhO.
Ampicillin powder (SIGMA-ALDRICH, USA) was added to make a concentration of
125pg/ml. Approximately around 10 selected white colonies were numbered and were first
touched on to LB/X-Gal/IPTG/amp plate and then sub-cultured on to tube containing 600pl
LB broth/ampicillin. LB broth provided the nutrition medium needed for bacterial growth.
Since the plasmid vector pGEM®-T contains Ampr gene (Ampicillin resistant gene), the
recombined bacteria would be resistant to Ampicillin. Therefore the Ampicillin added to LB
broth would allow only the bacteria of interest to grow and prevent the growth of other. The
sub-cultured plate and the tubes were incubated overnight at 37°C in a shaking incubator set
up to shake horizontally at 150 rpm. After overnight incubation the clear LB broth with
ampicillin had a misty appearance indicating the growth ofthe recombined bacteria containing

the target insert. Sub-cultured plate was stored for future analysis.

2.8.6.6 Isolation of Plasmid DNA ’from the recombined bacteria

Plasmids DNA from the sub cultured recombined bacterial cells were isolated using Pure Yield
™ Plasmid Mini-prep System (Promega, USA). This kit provided a rapid method to purify
plasmid DNA using silica membrane columns (Promega, 2009). The kit contained endo-toxin
removal washing solution which removed impurities such as proteins, RNA and endo-toxin
contaminants and allowed the isolation of purified highly concentrated plasmid DNA

(Promega, 2009).
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Neutralization solution (NSC) was stored at 4-8°C and the rest of the kit content was stored at
room temperature. The Cell Lysis Buffer (CLC) was incubated at 35°C for 30 minutes and was
mixed by inverting before use. The Column wash solution was diluted with 95% ethanol in
accordance to user instructions in the kit manual. 100pl ofthe CLC which is blue in colour was
added to the 600pl of sub-cultured cells and was mixed by inverting the tubes 6 times. 350pl
of cold NSC was added mixed thoroughly by inverting. This turned the mixture from blue to

yellow colour.

The reaction mixture was centrifuged at maximum speed at 14000 rpm in a micro-centrifuge
for 3 minutes and the supernatant (~900iil) was transferred to a Pure Yield™ mini-column
without disturbing the cell pellet. The mini-column was placed in a collection tube and
centrifuged at 14000rpm for 15 seconds. The flow-through was discarded and the mini-column
placed in the same collection tube. To this, 200pl of endo-toxin removal wash (ERB) was
added and centrifuged at a 14000 rpm speed for 15 seconds. 400pl of column wash solution
was added and centrifuged at 14000 rpm speed for 30 seconds. Finally, the mini-column was
placed in a sterile 1.5ml micro-centrifiige tube and 30pl of Elution buffer added to elude the
plasmid DNA out. Eluted plasmid DNA was stored in -20°C freezer until it was used for further

analysis.
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2.8.6.7 Colony PCR

Colony PCR was carried out to ensure the isolated plasmids contained the target insert of
interest by amplifying a portion of the insert. Colony PCR was performed with both insert
specific primers and vector specific primers to screen for the recombinant plasmids. The insert
specific universal primers 16S rRNA BSF8/20 (5’-AGA GTT TGA TCC TGG CTC AG -37)
and 16S rRNA BSF514/18 (5’- ATT ACC GCG GCCT GCT GGC -3’) was used to amplify
the inserted DNA fragment. This resulted in a 511bp band when run on a 1.5% Agarose gel

indicating a successful isolation of the plasmid DNA with the target DNA insert.

Similarly vector specific primers, T7 sequencing primer (5’- TAA-TAC-GAC-TCA-CTA-
TAG-GG-3’) and Sp6 sequencing primer (5’- ATT-TAG-GTG-ACA-CTA-TAG-3’) were
used to amplify a portion of the plasmid to ensure that the insert was present. Thus, for 5pi of
the 5x PCR reaction buffer (IOmM Tris-HCI, 50mM KC1, 1.5mM MgClIl2 pH 8.5, 20°C) 1.5pl
of 25mM MgCI2, 1.25pl 2mM dNTP’s (dATP, dGTP, dTTP and dCTP) was added. 0.6pl of
each 25pM T7 forward primer and SP6 reverse primer (15pmol) and 0.5pl (1U) of Go Taq
DNA polymerase (Promega, USA) was added to the above mixture along with 2pi of purified

plasmid DNA. Volume ofthe PCR mix was adjusted to 50pl with dHzO.

The above reaction mixtures were placed on the ABI 2720 thermo-cycler (Applied Bio-
Systems, Life Technologies USA). Initial denaturation of the genome was set at 94°C for 2
minutes, then 35 cycles ofrepeated heat denaturation of 30s at 94°C, annealing of the primers
at 55°C for 1 minute with extension taking place at 72°C for 2.5 minutes. This reaction was
concluded with a final extension at 72°C for 10 minutes and was held at 4°C. The presence of

bacteria was confirmed by the presence of the amplified inserted DNA fragment (which is the
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16S rRNA gene) detected by manning on a 1% Agarose gel which results in two bands; one

band at 500bp mark and the other band at 650bp mark (primer and the insert).

2.8.6.8 BstZl restriction digestion

BstZl restriction enzyme digestion was performed for the plasmids prior to sequencing to
verifying whether the insert was present in the plasmid purified. The BstZl restriction enzyme
digestion was carried out by adding 0.2pl of 1Opg/pl of Acetylated BSA to 2pl of 10X RE
buffer. To this mixture Ipl of Ipg/pl concentrated plasmid DNA and 0.5pl of IOu/pl BstZl
restriction enzyme was added. 16.3[1ilof dHzO was added to make up the final volume to 20pl
and mixed gently by pipetting. This reaction mixture was briefly centrifuged in a micro-
centrifuge and incubated at 50°C for 3 hours. The reaction was inactivated at 65°C for 15
minutes. The reaction products were then examined by running on an agarose gel which would
give a band approximately at 500-600bp indicating the presence of the insert. Uncut plasmids

were used as the experimental control.

2.8.6.9 Automated sequencing ofplasmids

Sequencing ofplasmids was carried outusing automated sequencing. In summary, the 10 white
colonies carefully selected from the blue/white screening were sub-cultured and plasmid DNA
isolated. The plasmid DNA confirmed for the presence of the insert DNA was subjected to
automated sequencing. Accordingly, 5-10 plasmid DNA detected positive for the presence of
bacteria were sequenced. The FASTA sequence ofthe resulting sequences was BLAST against

the NCBI genbank.
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2.9 Detection of fungi from the placental tissue samples

2.9.1 Amplification of the 28S rRNA gene

DNA was extracted from the placental tissue samples using the QlAamp DNA extraction kit
(QIAGEN, USA). NL1 (5" GCA TAT CAA TAA GCG GAG GAA AAG-3") and NL4 (5-
GGTCCG TGT TTC AAG ACG G-3’) were used as the forward and reverse universal fungal
primer pair to amplify the 28S rRNA gene of fungi (Voigtetal., 1999, Chen etal., 2003, Rosen
and Lim, 2012, Hurley, 2007, Yunianto, 2012). 1.5pl of25mM MgClIl2 1.25pl of2mM dNTP’
s (dATP, dGTP, dTTP and dCTP) was added to 5 pi of the 5x PCR reaction buffer (IOmM
Tris-HCI, 50mM KC1, 1.5mM MgCh, pH 8.5, 20°C). 0.3pl of each 50pM forward and reverse
NL1 and NL4 primers (15pmol) were added to the mixture along with 0.2pl (1U) of Go Taq
DNA polymerase (Promega, USA). Finally 3pl ofpurified DNA was added and the volume of
the PCR mix was adjusted to 25pi with the help of CIH20. The above reaction mixtures were
placed inside the ABI 2720 thermo-cycler (Applied Bio-Systems, Life Technologies USA).
Initial denaturation of the genome was set at 95°C for 5 minutes, then 40 cycles of repeated
heat denaturation of 30s at 94°C, annealing ofthe primers at 61.5°C for 30s with the extention
taking place at 72°C for 30s. This reaction was concluded with a final extention at 72°C for 10
minutes and was held at 4°C. The presence of fungi was confirmed by the presence of the

amplified 28S rRNA gene detected by gel electrophoresis.

2.9.2 Gel electrophoresis to detect the 28S rRNA gene

The product obtained from the 28S rRNA gene amplification was subjected to gel
electrophoresis using a 1.5% Agarose gel. This gel was made using 0.38g ofagarose dissolved
with 25ml of IX TBE buffer topped up with 5pl of ethidium bromide. Once the gel was set at

room temperature it was dipped in IX TBE buffer and 8pi from the PCR product was loaded
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with 2pl of loading dye along with a 100bp DNA ladder. Gel was then subjected to a voltage
of 65V for 30 minutes in a gel electrophoresis apparatus. When visualized under UV light a
band at 550bp indicated the presence of 28S rRNA gene. This signified the presence of fungi
in the placental tissue sample. The samples resulting in aband at 550bp was considered positive

forthe presence of fungi and the samples where the band was absentwere considered negative.

2.9.3 Automated sequencing and analysis of electrophorogram

The PCR product was purified with the treatment of Exo-SAP cleanup process. Exonuclease 1
(Exol) was used to remove the excess primers in the PCR mixture and Shrimp Alkaline
Phosphatase (SAP) was used to remove the additional deoxy nucleotide tri phosphate (dANTPs).
5pi of PCR product was mixed with 1pi of IOx buffer Exo 1, 1pi of 10x buffer SAP, 1pi of the
SAP enzyme and 0.25pl of Exol enzyme (Fermentas, Life Sciences, USA). dFhO was added
to make the volume to IOpl and the enzymatic reaction was allowed to take placed at 37°C for
15 minutes in the thermo cycler (2720 Applied bio-system, USA). This reaction was inactivated

at 80°C for 15 minutes and was held at 4°C before commencing the cycle sequencing reaction.

Cycle sequencing was carried out with the ABI PRISM Big Dye® terminator v3.1 cycle
sequencing kit (Applied Biosystems, USA). Accordingly cycle sequencing mixture was
prepared by adding 2pl of 5x buffer, 1pi ofthe 12.5pM NL1 forward primer and 0.8pl of cycle
sequencing mix supplied by the Big Dye® termination v3.1 cycle sequencing kit (Applied bio-
systems, USA). 3pl of the Exo-SAP purified PCR product was added and the reaction volume
was adjusted to 10pl with dthO . This reaction was carried out on ice in a dark laboratory setting
as the cycle sequencing mix was light sensitive. The prepared reaction was subjected to initial

denaturing at 96°C for 1 minute followed by 25 cycles of denaturing at 96°C for 30 seconds,
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annealing temperature at 50°C for 15 seconds and extension at 60°C for 4 minutes. Cycle

sequencing was completed with a final extension at 28°C for 1 minute and was held at 4°C in

the thermo cycler.

Cycle sequencing reaction was cleaned up with the help ofJust-a-Plate™ Sequencing Reaction
Clean Up kit for Big Dye® Terminator clean up (AZCO Biotech, Inc.). Accordingly, the cycle
sequencing product obtained was thoroughly mixed with 2pl ofbinding buffer supplied by the
sequencing reaction clean up kit above and 25.5pi of 100% ethanol. This was subjected to
centrifugation at 13000 rpm for 20 minutes at 4°C in a micro-centrifuge. Contents were pipetted
out without touching the wall of the tube and kept to air dry in the dark. The dried tubes were
washed with 40pl of 70% ethanol and placed on a dry block set at 65°C for 5 minutes. The
purified sequencing products were eluted in 10.3pl of Hi- Di™ formamide (Applied Bio-
systems Life Technologies, USA). The content was vortexed and centrifuge at 13000 rpm for
15 minutes at 4°C and denatured at 95°C for 5 min. This was immediately transferred to -20°C

for about 5 minutes. All steps were carried out in the dark.

2.9.4 Analysis of electrophorogram

The sequence given in the electrophorogram was analysed with the help of Bio Edit 7.5.0.3
software and was copied into a FASTA format. The FASTA sequence obtained was BLAST
against the microbial genome  database available at the NCBI website
(http://www.nchi.nlm.nih.gov/) which facilitated the identification of the fungi present in the
sample. However the electrophorogram which appeared distorted indicated the presence of

mixed organisms. Such samples were re-PCR, cloned and sequenced.
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2.9.5 Cloning experiment

The samples suspected of having mixed infections were cloned and sequenced. PCR amplified
products were then gel purified using Wizard® SV Gel and PCR Clean-Up System (Promega,

USA) as explained in section 2.8.6. The purified DNA segment was cloned in to pGEM®- T

vector.

2.9.5.1 Cloning in topGEM®- T vector

The purified product was ligated to the pGEM®- T vector in accordance to the user manual
(Promega, 2010). pGEM®- T vector and control insert DNA tubes were briefly centrifuged to
collect the contents at the bottom of the tubes. 2X ligation buffer were vortexed vigorously at
about 2500 rpm before each use. The experiment was carried out in 0.5ml tubes known to have
low DNA-binding capacity. Ligation reactions were set up as illustrated in Table 2.1 in section
2.8.6.2. The prepared reaction mixture was mixed by pipetting and incubated at room
temperature for 1 hour followed by incubation overnight to produce maximum number of

transformants (Promega, 2010).

2.9.5.3 Transforming into competentcells IM109 & BLUE/WHITE selection

The next step following ligation was the transformation of recombinant vector into the
competent cells. High efficiency JIM109 competent cells (>1x108cfu/(a.g DNA) were used for
the transformation reaction. These cells were provided with the pGEM®-T vector kit Il

(Promega, USA).
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LB plates with ampicillin/IPTG/X-Gal (imMedia™ AmpBlue InvitrogenIM, Life
Technologies, USA) were prepared and were equilibrated to room temperature. The tubes
containing the ligation reactions were centrifuged at 13000rpm for 30s and the contents
collected at the bottom. 2pl of each ligation reaction was added to a sterile 1.5ml micro
centrifuge tube on ice. Another tube with 0.1ng uncut plasmid were prepared and kept on ice
for the determination of the transformation efficiency of the competent cells. JM109 High
efficiency competent cells were placed in an ice bath until just thawed. The cells were mixed
by gently flicking the tubes and excessive pipetting was avoided since the competent cells are

extremely fragile.

509l of competent cells were added in to each tube containing 2gl ligated product and [OOpl
of competent cells were added to the tube containing O.Ing uncut plasmid. Gently flicked the
tubes to mix and placed them on ice for 20 minutes. Cells were heat shocked for 45-50 seconds
in a water bath exactly at 42°C without shaking and immediately returned the tubes to ice for
2 minutes. 950gl of S.0.C medium (Invitrogen™, Life Technologies, USA) at room
temperature was added to the tubes containing cells transformed with ligation reactions and
900pl to the tube containing cells transformed with uncut plasmid. Tubes were incubated at
37°C for I.Shours with shaking approximately at 150 rpm. 100pl of the transformed cultures
were cultured on to duplicate LB/ampicillin/IPTG/X-Gal plates. Transformed control was
plated with a 1:10 dilution with S.0.C. Medium (Invitrogen, USA). Plates were incubated at

37°C overnight to obtain blue and white colonies (Promega, 2010). The colonies with the insert

produced white colour colonies.
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2.9.5.4 Sub culturing

Approximately around 10 selected white colonies were numbered and first touched on to X-
Gal/IPTG plate and then sub-cultured on to tubes containing 600pl LB broth/ampicillin.
Preparation of Luria-Bertani broth (LB) with ampicillin is explained in section 2.8.6.5. The
sub-cultured plate and tubes were incubated overnight at 37°C in a shaking incubator set up at
150 rpm. After overnight incubation the clear LB broth with ampicillin had a misty appearance
indicating the growth ofthe recombined bacteria containing the targetinserts. The sub-cultured

plate was stored for future analysis.

2.9.5.5 Isolation of Plasmid DNA ’from the recombined bacteria

Plasmid DNA from the sub-cultured recombined bacterial cells was isolated using Pure Yield
™ Plasmid Mini-prep System (Promega, USA). Neutralization solution (NSC) was stored at
4-8°C and the rest of the kit content was stored at room temperature. The Cell Lysis Buffer
(CLC) was incubated at 35°C for 30 minutes and mixed by inverting before used. The Column
Wash Solution was diluted with 95% Ethanol in accordance to user instructions in the kit
manual. I00pl ofthe Cell Lysis Buffer (blue in colour) was added to the 600pl ofsub-cultured
cells and mixed by inverting the tubes 6 times. 350ul of cold Neutralizing Solution was added

and was mixed thoroughly by inverting. This turned the mixture from blue to yellow colour.

The reaction mixture was centrifuged at 14000 rpm in a micro-centrifuge for 3 minutes and the
supernatant transferred (~900pi) to a Pure Yield™ mini-column without disturbing the cell
pellet. The mini-column was placed on a collection tube and centrifuged at 14000 rpm for 15
seconds. The flow-through was discarded and the mini-column was placed in the same
collection tube. To this 200jlilof Endo-toxin Removal Wash (ERB) was added and centrifuged

at 14000rpm for 15seconds. 400pl of Column Wash solution was added and was centrifuged
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at 14000rpm for 30 seconds. Finally, the mini-column was placed in a sterile 1.5ml micro-
centrifuge tube and 30pl of Elution buffer added to elude the plasmid DNA out. Eluted plasmid

DNA was stored in -20°C freezer until used for further analysis.

2.9.5.6 Colony PCR

Colony PCR was carried out to ensure the plasmids isolated contained the target insert of
interest by amplifying a portion of the insert. Colony PCR was performed with both insert
specific primers and vector specific primers to screen for the recombinant plasmids. The insert
specific fungi universal primers NL1 (5’-GCA TAT CAA TAA GCG GAG GAA AAG-3’)
and NL4 (5°- GGT CCG TGT TTC AAG ACG G-3’) was used to amplify the inserted DNA
fragment. This resulted in around 550 bp band when run on a 1.5% Agarose gel indicating a

successful isolation of the plasmid DNA with the target DNA insert.

Similarly vector specific primers, T7 sequencing primer (5’- TAA-TAC-GAC-TCA-CTA-
TAG-GG-3’) and Sp6 sequencing primer (5’- ATT-TAG-GTG-ACA-CTA-TAG-3’) were
used to amplify a portion of the plasmid to ensure that the insert was present. Accordingly, for
5 pi ofthe 5x PCR reaction buffer (IOmM Tris-HCI, 50mM KC1, 1.5mM MgCh, pH 8.5, 20°C)
1.5pi of 25mM MgCh and 1.25pl 2mM dNTP’s (dATP, dGTP, dTTP and dCTP) was added.
0.6pl ofeach 25pM T7 forward primer and SP6 reverse primer (15pmol) and 0.5pl (1U) of Go
Tag DNA polymerase (Promega, USA) was added to the above mixture along with 2pl of

purified plasmid DNA. The volume ofthe PCR mix was adjusted to 50pl with dHaO.
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The above reaction mixtures were placed inside the ABI 2720 thermo-cycler (Applied Bio-
Systems, Life Technologies USA). Initial denaturation of the genome was set at 94°C for 2
minutes, then 35 cycles ofrepeated heat denaturation of 30s at 94°C, annealing ofthe primers
at 55°C for 1 minute with extension taking place at 72°C for 2.5 minutes. This reaction was
concluded with a final extension at 72°C for 10 minutes and was held at 4°C. The presence of
fungi was confirmed by the presence of the amplified inserted DNA fragment (which is the
28S rRNA gene) detected by running on a 1% Agarose gel which results in two bands; one
band at around 550bp mark and the other band at ~ 600bp mark (primer and the insert). BstZlI

restriction enzyme digestion was also performed for the plasmids prior to sequencing.

2.9.5.7 Sequencing ofplasmidsfor the identification offungi

Sequencing ofplasmids was carried outusing automated sequencing. In summary the 10 white
colonies carefully selected from the blue/white screening were sub-cultured and plasmid DNA
was isolated. The plasmids DNA confirmed for the presence of the insert DNA was subjected
to automated sequencing. Accordingly, 5-10 plasmid DNA was sequenced from each sample
detected positive for the presence of fungus/fungi. The FASTA sequence was BLAST against

the NCBI gen bank to identify the fungi present.
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2.10 Detection of viruses from the placental tissue samples

2.10.1 Extraction of viral DNA

Viral DNA was extracted from the placental tissue samples using the QlAamp DNA mini kit
inaccordance to the user manual supplied with the kit (QLAGEN, 2010). Ig of frozen placental
tissue sample excised from the original placental tissue samples were kept atroom temperature
for 10 minutes to thaw. Placental tissue dissolves to give placental blood when kept at room
temperature for some time. 1ml of placental blood was taken into a sterile disposable syringe
and filtered through sterile Millex-GP disposable 0.22 pm pore size y-irradiated syringe filters
(SIGMA, USA). To 200 pi of filtered placental blood, 20pl of proteinase K and 200pl buffer
AL was added. This mixture was mixed by pulse vortexing for 15s and incubated at 56°C for
10 min. 200pl 0f96-100% ethanol was added to this sample mixture which was mixed by pulse

vortexing.

This mixture was carefully transferred to a QlAamp Mini spin column without wetting the rim
and centrifuged at 8000rpm for 1 min. The filtrate was discarded and the mini spin column
placed in a fresh collection tube. To this 500pl buffer AW1 was added and centrifuged at
8000rpm for 1 min. Similarly, 500pl of buffer AW2 was added and centrifuged at 14,000 rpm
for 3 min. Finally, the spin columns were placed in a sterile 1.5 ml micro-centrifuge tube and
50pl buffer AE (IOmM Tris.Cl; 0.5mM EDTA; pH 9.0) was added. After incubating for 5
minutes it was centrifuged at 8000 rpm for 1 min and the purified DNA was stored at -20°C

(QIAGEN, 2010).
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2.10.2 Control experiment to confirm the absence of bacterial/fungal DNA

After extracting the viral DNA it was necessary to make sure that the extracted viral DNA did
not have any takeover products of bacteria or fungi. Even though the samples were subjected
to filtration through 0.22pm filters restricting the passage of bacteria, fungi and human DNA
it would have permitted the smaller bacterial, fungal DNA fragments to pass through. Since
the next step was to carry out whole genome amplification, having carry-over products of
bacteria, fungi would hinder the detection ofviruses. Therefore, prior to the commencementof
whole genome amplification, all viral DNA samples were PCR amplified to detect the presence
of 16S rRNA and 28S rRNA genes to confirm the absence of bacteria and fungi in the DNA

purified for viruses.

2.10.3 Whole genome amplification

Extracted viral DNA was then subjected to whole genome amplification using Illustra
GenomiPhi™ V2 DNA Amplification kit (GE Healthcare, UK). GenomiPhi™ V2 DNA
Amplification kit has been optimized for whole genome amplification from at least 10ng of
high quality genomic DNA template. This kit contained sample buffer (green cap), reaction
buffer (blue cap), enzyme mix (yellow cap) and control DNA lambda, [Ong/pl. Typical DNA
yield from a GenomiPhi™ V2 DNA Amplification kit was estimated to be around 4-7 pg per
20 pireaction when started with 10ng of purified DNA. Figure 2.1 demonstrates an overview
of whole genome amplification by isothermal strand displacement using the GenomiPhi™ V2

DNA Amplification Kit.
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+ dNTPs +

Phi29 DNA Random Input DNA
polymer*te hexarrw primm

Figure 2.1 Overview of the Genomi PhiTM V2 DNA Amplification kit procedure

Phi29 DNA polymerase, random hexamer primers and dNTPs added to the input DNA and
whole genome is amplified by isothermal strand displacement mechanism using the
GenomiPhi™ V2 DNA Amplification kit (GE Healthcare, 2006)

Ipl Viral DNA was mixed with 9pl sample buffer and placed in the 2720 thermal cycler
(Applied Bio-systems, USA) and heated to 95°C for 3 minutes. This was cooled to 4°C on ice.
It was very important to maintain precise timings as heating the DNA for longer than 3 minutes
or at higher temperatures would damage it. To the cooled mixture, 9u.l of reaction buffer and
Ipl of enzyme mixture was added. This mixture was maintained at < 4°C, as temperatures >
4°C would result in amplification of unwanted DNA. Finally the mixture was incubated at

30°C for 1.5 hours and was inactivated at 65°C for 10 minutes (GE Healthcare, 2006).
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2.10.4 EcoRI restriction enzyme digestion

The amplified DNA was then restriction enzyme digested using 12ul/pl concentrated EcoRI
(Promega, USA). 2pl of 10X RE buffer was added to a sterile 0.2m| PCR tube and for this
0.2pl of Acetylated BSA, [0pg/pl was added, Ipl of DNA was added to this mixture along
with 0.5pl of EcoR1 restriction enzymes and the final volume was made up to 20jal by adding
dTEO. This mixture was subjected to 4h of incubation at 37°C and was inactivated at 65°C for
15 minutes. EcoR1 restriction enzyme cut the genome by leaving A’ overhangs therefore
introducing A’ overhangs were not necessary. Thus the restriction enzyme digested product

can be directly used for the cloning experiment.

2.10.5 Cloning experiment

2.10.5.1 Ligation intopGEM®- T vector

The above product from 2.10.4 was ligated in to pGEM®- T vector.

1.10.5.2 Transformation into competent cells JIM109
The recombined vector was transformed in to JM109 competent cells and was plated in LB
plates with X-gal/IPTG/amp. After overnight incubation at 37°C these plates were observed

for white and blue colonies.

2.10.5.3 Blue & White selection
After overnight incubation LB plates with X-gal/LPTG/amp results in blue and white colonies.

White colonies indicated the presence ofviral DNA recombined in to the pPGEM®- T vector.
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2.10.5.4 Plasmidpreparation

Ten white colonies (containing viral DNA recombined into vector) were selected and sub-
cultured in LB broth with 125pl/ml ampicillin. This was incubated at 37°C overnight. Plasmids
were prepared from the sub-cultured white colonies using Yield™ Plasmid Mini-prep System

(Promega, USA).

2.10.5.6 Single enzyme digestion with the enzyme ‘BstZI restriction enzyme’
Plasmids were restriction enzyme digested with the enzyme BstZl restriction enzyme to

confirm the presence of viral genome. Refer section 2.8.6.13 for BstZ|I test procedures.

2.10.5.7 Sequencing ofplasmidsfor the detection ofviruses

Sequencing of plasmids was carried out using the same protocol followed in section 2.8.4
automated sequencing. In summary, 10 white colonies, carefully selected following blue/white
screening were sub-cultured and plasmid DNA was isolated. The plasmid DNA confirmed for
the presence ofthe insert DNA was subjected to automated sequencing. Accordingly, plasmid
DNA prepared from ten white colonies was sequenced for each viral DNA sample. The FASTA
sequence was BLAST against the NCBI gen bank available for all available viruses to identify

the virus present in the sample.
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2.11 Detection of bacteria & fungi from amniotic fluid samples

Since the molecular genetic methods for the detection of bacteria in section 2.8 concluded with
positive findings for the presence of bacteria and fungi, it was decided to study further the other
biological samples obtained from the same cases and control women for the presence of

bacteria and fungi. For that reason DNA was extracted from the amniotic fluid samples using

the QlAamp DNA mini kit (Qiagen, USA).

The 5-10ml of amniotic fluid collected at the time of delivery under aseptic conditions was
centrifuged at 8000 rpm for 10 minutes. The supernatant was discarded and the pellet used for
the extraction of DNA in accordance with the user manual. To 200pi of concentrated amniotic
fluid, 20pl of proteinase K and 200,ul buffer AL was added. This mixture was mixed by pulse
vortexing for 15seconds and was incubated at 56°C for 10 min. 200pl 0f96-100% ethanol was

added to this sample mixture and was mixed by pulse vortexing.

This mixture was carefully transferred to a QlAamp Mini spin column without wetting the rim
and was centrifuged at 8000rpm for 1 min. The filtrate was discarded and the mini spin column
placed in a fresh collection tube. To this, 500pl buffer AW1 was added and centrifuged for
SOOOrpm for 1 min. Similarly, 500pl of buffer AW 2 was added and centrifuged at 14,000 rpm
for 3 min. Finally, spin columns were placed in a sterile 1.5 mI micro-centrifuge tube and 200jul
buffer AE (IOmM Tris.Cl; 0.5mM EDTA; pH 9.0) was added. After incubating for 5 minutes
it was centrifuged at 8000 rpm for 1 min and the purified DNA stored at -20°C (QIAGEN,

2010).
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16S rRNA gene was amplified using polymerase chain reaction as described in section 2.8.2
to detect the presence ofbacteria. After running on a gel the samples which resulted ina 500bp
band indicating the presence of bacterial 16S rRNA gene unique to all species were then
subjected to automated sequencing and were BLAST against the NCBI GenBank database to
identify the bacteria present in the sample. As described in section 2.8.5, after analysing the

electrophorogram the samples indicating mixed infection was cloned and further studied.

Likewise the extracted DNA from amniotic fluid samples was further amplified to detect the
presence of 28S rRNA gene common to all fungi as described in section 2.9. The samples
resulting in a 550bp band indicating the presence of fungi was subjected to automated

sequencing.
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2.12 Detection of bacteria & fungi from blood samples

DNA was extracted from the blood samples using the QlAamp DNA mini kit according to the
blood and body fluid protocol (Qiagen, USA). 20pl of proteinase K was added to 200pl of

blood and to this 200pl buffer AL was added. DNA was extracted from blood samples as

described in section 2.11.

The 16S rRNA gene was amplified using PCR as described in section 2.8.2 to detect bacteria.
After running on a gel the samples which resulted in a 500bp band indicating the presence of
bacterial 16S rRNA gene unique to all species were subjected to automated sequencing and
were BLAST against the NCBI GenBank database to identify the bacteria present in the
sample. As described in 2.8.5, after analysing the electrophorogram, the samples indicating

mixed infection were cloned and individual colonies studied further.

Similarly the extracted DNA from blood samples was further amplified to detect the presence
0f28S rRNA gene common to all fungi as described in section 2.9. The samples resulting in a

550bp band indicating the presence of fungi was subjected to automated sequencing.

121



2.13 Detection of bacteria & fungi from urine samples

The 5-10ml ofunne collected under aseptic conditions at the time of delivery was centrifuged
at 8000 rpm for 10 minutes. The supernatant was discarded and the pellet used for the extraction
of DNA in accordance with the QlAamp DNA mini kit (Qiagen, USA) user manual. To 200pl
ofconcentrated urine 20p.l of proteinase K and 200pl buffer AL was added. The DNA extracted
from urine samples were also tested for the presence of bacteria and fungi by the amplification
of 16S and 28S rRNA gene. The positive samples were cloned, sequenced and identified by

blasting to the GenBank database available at the NCB1 website.
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PHASE 2

2.14 16S Metagenomics Next Generation Sequencing

In phase 2, placental tissue samples obtained from 55 women with pre-eclampsia and 55
normotensive women were further analysed on an Illumina MiSeq next generation sequencing
platform for the detection and identification of bacteria. The first step in 16S metagenomics
was to amplify the hyper variable regions ofthe 16S ribosomal RNA gene ofbacteria by PCR.
The whole 16S rRNA gene which is 1542bp in length is amplified by PCR using universal
primers; BSF8/20 as the forward primer and BSR1514/20 as the reverse primer (Cai et al.,,
2003). The 16S metagenomics is known as bacterial metagenomics due to its great ability to

detect and identify bacteria with the highest sensitivity and specificity.

2.14.1 DNA extraction

DNA was extracted from the placental tissue samples ofthe 55 women with pre-eclampsia and
55 normotensive women using QLAamp DNA mini kit (Qiagen, USA) in accordance to the
‘Tissue protocol’ of the user manual supplied with the kit. All extracted DNA was stored at -
20°C. The detailed DNA extraction procedures by means of Qiagen QLAamp DNA mini kit is

described in section 2.8.1.
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2.14.2 16S rRNA whole gene amplification using PCR
Aset of universal primers 16S rRNA BSF8/20 (5’-AGA GTT TGA TCC TGG CTC AG -3’)
and 16SrRNA BSF1541/20 (5’- AAG GAG GTG ATC CAG CCG CA-3’)was used to amplify

the complete 16S ribosomal RNA gene unique to all bacteria.

To 5 pi ofthe 5x PCR reaction buffer (IOmM Tris-HCI, 50mM KC1, 1.5mM MgCh, pH 8.5,
20°C) 1.5pi of 25mM MgCl2and 1.25pl 2mM dNTP’s (dATP, dGTP, dTTP and dCTP) was
added. 0.3pl of each 50pM forward and reverse primers (15pmol) and 0.2pl (1U) of Go Taq
DNA polymerase (Promega, USA) was added to prepare the PCR master mix. 3pi of purified
DNA were finally added to the master mix and the final volume was made to 25pi using dHiO.
The 16S rRNA gene was amplified by PCR in an ABI 2720 thermo-cycler (Applied Bio-
Systems, Life Technologies USA). Initial denaturation of the genome was set at 95°C for 5
minutes, then 35 cycles ofrepeated heat denaturation at 94°C for 30s, annealing of the primers
were set at 61.5°C for 30s and the extension taking place for 60s at 72°C. The reaction was
completed with the final extension at 72°C for 12 minutes and was held at 4°C. The presence

ofbacteria was confirmed by the presence ofthe 1500bp band detected by gel electrophoresis.

2.14.3 Purification of amplified DNA template

Equal volume of membrane binding solution supplied with the Wizard® SV gel and PCR
clean-up system (Promega, USA) and the PCR product was added to a sterile 1.5ml tube. This
mixture was transferred on to SV mini column supplied with the kit and incubated at room
temperature for 1 minute. It was centrifuged at 14,000 rpm for 1 minute and the resulting flow
through was discarded. 700pl of membrane wash solution was then added and centrifuged for

14000 rpm for 1 minute. The column was repeatedly washed with 500pi of membrane wash
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solution which has pre added 95% ethanol. After centrifuging for 5 minutes at 14000 rpm, the
mini column was placed atroom temperature for 5 minutes to evaporate any remaining ethanol.
50pl of nuclease free water was added and left at room temperature for 1 minute. The purified
DNA was then eluted by centrifuging at 14000 rpm for 1 minute. The purified DNA eluted was

stored in a -20°C freezer until sequenced by next generation sequencing technology.

2.14.4 Metagenomics NGS using Nextera XT DNA sample preparation kit

2.14.4.1 Quantification ofthe DNA library

DNA is fragmented using enzymes in the Nextera XT DNA sample preparation kit. The
ultimate success of the assay strongly depends on the quality and quantity of the input DNA.
Accordingly prior to using the Nextera XT DNA sample preparation kit, the amount of DNA

in the samples were quantified using the Qubit® dsDNA BR assay system (Invitrogen, 2011).

The Qubit® dsDNA BR assay kit was used with the Qubit® 2.0 Fluorometer for the
quantification of DNA. Qubit® working solution was made by diluting the Qubit® dsDNA BR
reagent 1:200 in Qubit® dsDNA BR buffer. I0julofeach Qubit® standard was added to 190pl
of Qubit® working solution to make up the final volume to 200(iil, and was mixed by vortexing
for 2-3 seconds. 5pl of sample was added to 195p. of Qubit® working solution and was mixed
by vortexing for 2-3 seconds. All tubes were incubated at room temperature for 2 minutes.
‘DNA’was selected on the home screen ofthe Qubit® 2.0 Fluorometer and the ‘dsDNA Broad
range’ was selected as the assay type. The ‘new calibration’ option was selected on the standard
screen. The tube containing Standard #1 was inserted into the Qubit® 2.0 Fluorometer and was

‘read’. Next, the tube containing Standard #2 was inserted into the Qubit® 2.0 Fluorometer
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and was read. Similarly, the concentration of the rest of the samples was measured in pg/ml.
This value corresponds to the concentration after the samples were diluted in the assay tube.
The Qubit® 2.0 Fluorometer calculates the original sample concentration based on the

measured assay concentration (Invitrogen, 2011).

2.14.4.2 Tagmentation ofgenomic DNA

The input DNA was ‘tagmented’ (tagged and fragmented) by the Nextera XT ‘transposomes’.
The Nextera XT transposome simultaneously fragmented the input DNA and added adapter
sequences to the ends. Amplicon Tagment Mix (ATM), Tagment DNA buffer (TD) supplied
with the Nextera XT kit and input DNA was removed from -20°C storage and allowed to thaw
on ice while the Neutralize Tagment Buffer (NT) was kept at room temperature. When there

were signs of precipitation in the NT buffer, it was necessary to vortex at about 2500 rpm until

all particles were re-suspended.

All reagents were adequately mixed by gently inverting the tubes 3-5 times followed by a brief
spin in a micro-centrifuge. A new 96 TCY plate was labelled as NTA (Nextera XT Tagment
Amplicon Plate). 10pl of TD buffer was added to each well to be used in this assay by changing
tips between samples. 5pl ofinput DNA at 0.2ng/gl was added to each sample well ofthe NTA
plate. 5gl of ATM was added to the wells containing input DNA and TD buffer and using a
multi-channel pipette mixed by gentle pipetting 5 times up and down. The NTA plate was
covered with a micro seal ‘B’ and centrifuged at 280xg at 20°C for 1 minute. The NTA plate
was placed in a thermo cycler and the following programme was run; 55°C for 5 minutes and
holding at 10°C. Once the samples reached 10°C, contents in the NTA plates were immediately

neutralized (Ulumina, 2012a).
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2.14.4.3 Neutralize NTA

The micro seal ‘B’ was carefully removed and 5pi of NT buffer was added to each well of the
NTA plate by changing tips in between samples, and gently mixed using a multi-channel
pipette. The NTA plate was again covered by the micro seal ‘B’ and centrifuged at 280xg at
20°C for Iminute. The NTA plate was placed atroom temperature for 5 minutes and proceeded

to the PCR amplification step (Illumina, 2012a).

2.14.4.4. PCR Amplification

Nextera PCR Master Mix (NPM) and the index primers were removed from the freezer and
thawed at room temperature. After all reagents were completely thawed, the tubes were mixed
gently and the tubes briefly centrifuged 14000 rpm for 30s in a micro centrifuge. Index 1 (i7)
primers with the orange cap were arranged horizontally according to the order so that N701
was in column 1 and N706 was in column 6. Index 2 (i5) primers with the white cap were
arranged vertically according to the order, in such away that S501was inrow A and S504 was

in row B (figure 2.2).
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A Index primer 1(i7) (orange caps)
B Index primer 2 (d) (white caps)
C MAPI plate

Figure 2.2 TruSeqg Index Plate Arrangements

TrueSeq Index Plate fixture is a platform available to place the NTA plate along with the two
index primers, for easy handling and processing of samples (lllumina, 2012a)

The ‘NTA plate’ was placed in the ‘“True Seq Index Plate Fixture’ platform as illustrated in
figure 2.2. 15pl NPM was added to each well ofthe NTA plate. Using a multichannel pipette,
5pl of the index 2 (i5) primers with the white caps were added to each column of the NTA
plate. 5pi ofindex I(i7) primers with the orange caps were also added to each row ofthe NTA
plate. To avoid index cross contamination, the original white and orange caps were discarded
and were replaced with a set of new white and orange caps provided with the kit. The plate was
sealed using the micro seal ‘A’ using arubber roller and was centrifuged at 280 x g at 20°C for

1 minute.
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After the centrifugation step, DNA was amplified using the following programme by placing

the NTA plate inside the thermo-cycler (Illumina, 2012a).

m 72°C for 3 minutes

m 95°C for 30 seconds

m 95°C for 10 seconds

m 55°C for 30 seconds 12 cycles
m 72°C for 30 seconds

m 72°C for 5 minutes

m Hold at 10°C

2.14.4.5 PCR clean up

PCR clean-up and the purification of the DNA library was carried out using the AMPure XP
beads kit. This step removes very short library fragments from the population. A new MIDI
plate was labelled as ‘Clean Amplified Plate’ (CAA). Consequently the NTA plate was
centrifuged at 280 x g for 1 minute at 20°C and 50ju.l of the PCR product from the NTA plate
was transferred to the CAA plate. Next the AMPure XP beads were vortexed at 2500 rpm for
30 seconds to ensure that the beads were evenly dispersed. Appropriate volume of beads was
then added to atrough and 30pl transferred to each well ofthe CAA plate. 60p.l of 1,8x AMPure

XP was used in order to obtain a 300-500bp amplicon size.

The above reaction was gently mixed by pipetting up and down 10 times and incubated for 5
minutes atroom temperature without shaking. The plate was placed on a magnetic stand for 2
minutes. The supernatant was removed and discarded while leaving the CAA plate on the
magnetic stand. W hile pipetting if any beads accidentally entered the tip, it was dispensed back

to the plate which was left on the magnetic stand for 2 minutes until the supernatant cleared.
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The beads were washed by adding 200pl of freshly prepared 80% ethanol to each sample on
the plate and were incubated for 30 seconds on the magnetic stand. The supernatant was
carefully removed and discarded. The washing step was repeated twice again by adding 200pl
of freshly prepared 80% ethanol to each sample well and the plate incubated for 30 seconds on

the magnetic stand as before. The supernatant and excess ethanol was removed using a P20

multichannel pipette.

The beads were air dried for 15 minutes while leaving the CAA plate on the magnetic stand.
The CAA plate was then removed from the magnetic stand and 52.5pl ofre-suspension buffer
(RSB) added to each well. This was gently mixed by pipetting up and down 10 times and
incubated for 2 minutes at room temperature. Again the plate was placed on the magnetic stand
for 2 minutes till the supernatant was cleared. Another new TCY plate was named as CAN
(Clean Amplified NTA plate) and 50ul of the supernatant from the CAA plate was carefully

transferred on to the CAN plate (Illumina, 2012a).

2.14.4.6 Library normalization

This process normalizes the library to ensure more identical library representation in the pooled
samples. Accordingly, LNB1 (Library Normalization Beads 1) were vigorously vortexed at
2500 rpm for at least 1 minute to ensure the beads were well re-suspended and no pellet was
found at the bottom ofthe tube. A new MIDI plate was labelled as LNP (Library Normalization
Plate). Using a P20 multichannel pipette and fine tips, 20 pi of the supernatant from the CAN
plate was transferred on to the LNP plate. For the 7 samples, 360pl of LNA1 (Library
Normalization Additives 1) was added and mixed by pipetting up and down 15-20 times until

properly suspended.
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66.6pl of LNB1 was transferred to the tubes containing LNA1 and mixed by inverting for 15-
20 minutes. 45pi of the resulting LNA1/LNB1lbead mix was added to the LNP plate containing
the libraries. Changing tips in between samples was not considered necessary at this stage. The
LNP plate was sealed by a micro seal ‘B’ and placed on a micro plate shaker at 1800 rpm for
30 minutes. Afterwards this it was placed on a magnetic stand for 2 minutes to clear the
supernatant. With the help of a multichannel pipette 80jul of the supernatant was carefully

pipetted out and discarded from the LNP plate whilst the plate remained on the magnetic stand.

The LNP plate was then removed from the magnetic stand and the beads were washed with
LNW1 (Library Normalization Wash 1) by adding 45pi of LNW1 to each sample well and
were sealed with a micro seal ‘B’. This LNP plate was further placed on a micro plate shaker
at 1800 rpm for 5 minutes and placed back on a magnetic stand for 2 minutes. Once the
supernatant that appeared cleared it was pipetted out and discarded. The washing step with

LNW1 was repeated.

The LNP plate was then removed from the magnetic stand and 30pl of 0.1N NaOH added to
each well to elute the samples. The plate was sealed using the micro seal ‘B\ The LNP plate
was then placed on a micro plate shaker at 1800 rpm for 5 minutes until completely re-
suspended. Meanwhile, SGP (StoraGe Plate) barcode sticker was pasted onanew 96 well PCR
plate. 30pl of LNS1 (Library Normalization Storage Buffer 1) was added to each well to be
used in the GSP plate. The LNP plate was placed on a magnetic stand for 2 minutes until the
supernatant cleared. 30pl of the supernatant was transferred from the LNP plate to the GSP
plate which was sealed with micro seal ‘B \ This plate was centrifuged at 1000 x g for 1 minute

(Illlumina, 2012a).
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2.14.4.7 Librarypoolingfor MiSeq sequencing

For cluster generation and sequencing, equal volumes of normalized libraries were combined,
diluted in hybridization buffer and heat denatured prior to MiSeq sequencing. To do so, a heat
block suitable for 1.5ml tubes was adjusted to 96°C. MiSeq reagent cartridge was removed
from the freezer and allowed to thaw at room temperature. An ice bucket was prepared in the

proportion of 3:1 ice to water.

The GSP plate was centrifuged at I000xg for 1 minute at 20°C for condensation. Using a P200
multichannel pipette, 5pi of each library to be sequenced was transferred from the plate,
column by column, to a PCR eight tube strip. A fresh 1.5ml tube was labelled as PAL (Pooled
Amplicon Library). The contents of the PCR eight tube strips was combined and transferred to
the PAL tube and mixed well. Another fresh 1.5ml tube was labelled as DAL (Diluted
Amplicon Library). 588pl of Hybridization buffer (HT1) was added to DAL tube. 13pl of PAL
was transferred from PAL to the DAL tube containing HT1. The DAL tube was vortexed at
high speed at 2500 rpm and incubated at 96°C for 2 minutes. After incubation, the DAL tube
was inverted 1-2 times and immediately placed on ice for 5 minutes. The DAL was then loaded
onto the ‘Load Samples’ reservoir in the ‘MiSeq reagent cartridge’ and sequenced in the
[llumina MiSeq Bench-top Genetic Analyser (Illumina, 2012a). The quality of the library pool

was further confirmed with the help of ‘Agilent High Sensitivity DNA kit’.
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2.14.4.8 Quality check oflibrarypool using AgilentHigh Sensitivity DNA kit

Quality of the library pool was checked using Agilent High Sensitivity DNA kit (Agilent
Technologies, Germany). The high sensitivity DNA dye concentrate and high sensitivity DNA
gel matrix were allowed to equilibrate to room temperature for 30 minutes. The gel dye mix
was prepared by adding 15pi of high sensitivity DNA dye concentrate to the high sensitivity
DNA gel matrix vial. The solution was transferred to the spin filter and was centrifuged at 2240

x g for 10 minutes, stored at 4°C.

Next step was to load the gel dye mix onto the chip. Accordingly, the gel dye mix was
equilibrated to room temperature for 30 minutes and a new high sensitivity DNA chip was
placed on the priming station. 9pl of gel dye mix added onto the well-marked as ‘® ’ on the
chip. The plunger was positioned at 1ml and the priming chip station was closed. Then the
plunger was pressed until it was held by the chip. After 60s the chip was released and after 5s
the plunger was slowly pulled back to the 1ml position. The chip priming station was opened

and 9pl of gel dye mix was pipetted into the wells marked as

5pi marker green was pipetted into all samples and ladder wells. Then 1 pi of DNA ladder in
yellow was added to the well-marked as 1 pi ofthe sample was added to the wells and 1
pi of marker was added to the unused wells. The chip was placed horizontally in the adapter
and vortexed at 2500 rpm for 1 min. This chip was run on the Agilent 2100 Bio-analyzer

(Agilent Technologies, Germany) to measure the quanlity of DNA library.

133



2.14.4.9 Sequence analysis using ‘MiSeq Reporter’software

Sequences were analysed using the ‘MiSeq Reporter’ analysis software which is available in
the lllumina MiSeq Genetic Analyser. The classification results up to the ‘Genus’ level and
will provide the numbers and percentages ofthe total microbiome of all samples pooled. The

results were viewed over the online tool option called ‘BASE SPACE’.

2.14.4.9 Species level analysis using other metagenomics analysis software’s

The MiSeq reporter software available within the MiSeq Genetic Sequencer is designed to
classify only up to genus level. Therefore, other metagenomics analysis software’s such as
‘GALAXY PROJECT and ‘MOTHUR " were used to classify the samples up to species level.
GALAXY PROJECT (http://galaxyproject.org/) and MOTHUR (http://www.mothur.org/)
used in this research project for the species level classification is an open, web based platform
(Jones et al., 2009, Preeclampsia Foundation, 2013). Species level classification was carried
out using the Mothur software (open source from the University of Michigan) which allowed
the identification at species level. This software seeks the closest template for each candidate
using kmer searching and k-nearest neighbor consensus approach as search method.
Needleman-Wunsch alignment method is used for aligning the templates to the GreenGenes,
NCBI Taxonomy (Bacteria) and SILVA (Bacteria) databases to identify the bacteria up to the

species level.
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2.15 16S Independent Metagenomics Next Generation Sequencing

2.15.1 DNA extraction

The aim of the phase 2 study was to detect and identify bacteria from placental tissues utilising
both 16S metagenomics and 16S independent metagenomics. What is characterised by 16S
independent metagenomics is the whole genome metagenomics without the use of 16S
universal primers to amplify the bacteria. The only way to perform 16S independent
metagenomics is to amplify the whole genome of bacteria. Therefore it is necessary to make

sure that only bacterial DNA is extracted from the sample.

Accordingly, the DNA was extracted from the placental tissue samples using ‘MolYsis Basic’
kit from the Molzym GmbH & Co0.KG, Germany. As mentioned above, molecular analysis of
infectious bacteria in clinical samples could be severely disturbed by high background of host
DNA. MolYsis Basic removes the background of host DNA and thereby increases the

efficiency of the molecular analysis of bacteria from the human placental tissue sample.

MolYsis Basic enables the preparation ofbacterial DNA from the human samples in two steps,
1) By the addition of chaotropic buffer which lyses the host cells and leaves the bacterial cells
unaffected. Buffer CM supplied with the kit is a chaotropic buffer and would lyse the human
cells, ii) The DNA released from host cells will be degraded by Molzyme’s chaotrope-resistant
MolDNase A. Thereafter, bacterial cells will be treated with BugLysis reagent to degrade the
cell walls of gram negative and gram positive bacteria. The DNA obtained will be further

purified using the QlAamp DNA mini kit of Qiagen (MOLZYM, 2011).
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The isolation ofbacterial DNA from the placental tissues was performed according to the user
manual supplied with the MolYsis Basic kit of Molzyme, Germany. Based on such guide lines,
200pl of placental blood was pipetted into a sterile 2ml tube and 50pl of buffer CM (supplied
with the Kit) was added to the tube. Mixed by vortexing at full speed at 2500 rpm for 10seconds

and was allowed to stand on the bench at room temperature for 5 minutes.

50pl buffer DB1 and 10pl MolDNaseA was added to the lysate which was vortexed at 2500
rom immediately for I0seconds. This was allowed to stand for 15 minutes at room temperature.
The step ensures the degradation of human DNA. The bacterial cells were then harvested by
centrifuging in a bench top micro centrifuge at >13,000 rpm for 5 minutes. The supernatant

was carefully removed by pipetting.

To this 80fil of buffer RL was added and the pellet re-suspended by pipetting in and out. This
was further vortexed at 2500 rpm for 10s to homogenize. Finally 20pl of Bug-Lysis solution
was added and vortexed at 2500 rpm for 10s and further incubated at 37°C for 30 minutes at
100 rpm to degrade the bacterial cell wall. 100 pi of buffer RL was added to re-suspend the
bacterial DNA. Then the Bacterial DNA was isolated and purified using the QIAmp DNA mini

kit (Qiagen, USA) as described previously in section 2.8.1.
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2.15.2 Quantification of DNA

Isolated bacterial DNA was quantified using Qubit® dsDNA BR assay system as explained in
section 2.14.4.1. The results were further confirmed by performing 16S rRNA gene

amplification PCR assay to amplify the 16S ribosomal RNA gene of bacteria present in the

sample.

2.15.3 Next Generation Sequencing

The confirmed bacterial DNA was to be processed by Next Generation Sequencing using
[llumina MiSeq Genetic Analyser. However, the bacterial DNA isolated from the above
method using MolYsis kit was not adequate to be sequenced on a NGS platform. Accordingly,
the best possible method to carry out metagenomics next generation sequencing was to follow
the 16S Metagenomics approach in which the whole gene of 16S ribosomal RNA gene was

amplified and sequenced using next generation sequencing.
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2.16 Quality control considerations

From the very first day the research project commenced, priority was given to the quality and
validity of the experiment. As a quality control precaution, sterility was maintained right
throughout the research project and aseptic techniques were followed at all times. All samples
were collected at the time of caesarean section under stringent aseptic measures with the
extensive support of experienced doctors and nurses. Samples were stored in sterile containers

and were immediately transported to the laboratory and were stored in -80°C.

All pre-polymerase chain reaction (pre-PCR) experiments were carried outinside aclass Il bio-
safety cabinet using barrier tips which were UV sterilized prior to use. All tips and glassware
taken for the experiment were sterilized using an autoclave. To ensure the accuracy of the
results, the PCR experiments were carried out in batches of 5-10, along with a positive control
and a negative control. The positive control was pre-tested and proven to be positive. The
negative control was ddhhO. In case of detecting an unwanted band in the negative control it
was considered a contamination and the whole experiment batch was repeated. Positive

samples were repeated twice for confirmation prior to reporting. Colony PCR was performed
to ensure the gene inserted in to the vector was the target DNA of interest which was further
confirmed through restriction enzyme digestion. This would confirm thatthe colony sequenced
contained the target 16S/28S rRNA insert ofinterest. After the viral DNA purification 16S/28S
rRNA genes were amplified by PCR as an internal experiment to ensure there was no carry-
over of bacterial or fungal gene fragments. All contaminated gloves, masks, tissue papers, tips,

tubes, plastic ware were disposed per laboratory safety guidelines.
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3 RESULTS

3.1 Study population

3.1.1 Recruitment of cases and controls

Out of the 228 women referred to the study 55 women meeting the inclusion criteria were
recruited as cases. Even if one or more exclusion criteria were present they were
excluded/withdrawn from the study. Table 3.1 provides a summary of the patients who were
referred but not recruited to the study. The main reasons for women with pre-eclampsia being
excluded or withdrawn from the study was that they were multiparous and not meeting the
proteinuria criteria. All women who volunteered for the study were recruited prior to the

delivery and samples were collected at the time of delivery via caesarean section aseptically.
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Table 3.1 Summary of the women who were referred but not recruited to the study

No (%)
Total referred 228
Reasons for exclusion
Gestation diabetes 1(0.4)
Chronic hypertension 1(0.4)
Twin delivery 1(0.4)
Fetal abnormalities 2 (0.8)
Both gestation diabetes & failed proteinuria 2 (0.8)
Normal delivery 2 (0.8)
Un matched as case/control 6 (2.6)
Unable to obtain samples 9 (3.9)
Failed proteinuria criteria 20 (8.7)
Multiparous 74 (32.4)
Total recruited 55 (Cases)

55 (Controls)
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Indications for the 55 normotensive pregnant women to undergo caesarean section are
indicated in the table below. Accordingly, all normotensive pregnant women underwent
caesarean section due to medically uncomplicated reasons such as primi-breech, maternal

request, subfertility, large baby, head not engaged, unfavourable cervix, fetal distress and

presence of fibroids.

Table 3.2 Indication for caesarean section for the 55 normotensive pregnant women

Indication for caesarean section No (%)

Breech 21 (38.1)
Maternal Request 14 (25.4)
Subfertility 6 (10.9)
Large baby 5(9.0)

Unfavourable cervix 4 (7.2)

Fetal distress 2 (3.6)

Head not engaged 2 (3.6)

Fibroids 1(1.8)

Total 55
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3.1.2 Racial distribution of both cases and controls
As indicated in figure 3.1 both women with pre-eclampsia and normotensive pregnant women

share a similar racial distribution. Demographic distribution of women with pre-eclampsia and

the normotensive pregnant women recruited for the study is detailed below.

Distribution by ethinidty of the Distribution by ethinicity of the
case group control group
m Sinhala m Sinhala
Tamil Tamil
m Muslim m Muslim

Figure 3.1 Racial distribution of controls recruited to the study

Distribution of ethnicity of women recruited to the study in both case and control groups were
very much similar. Where 90% ofwomen with pre-eclamsia recruited to the study was Sinhala,
2% Tamil and 8% Muslim. In the control group, 89% of women recruited were Sinhala, 2%

Tamil and 9% were Muslim.
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3.1.3 Phenotypic features of cases and controls on their first prenatal visit

Both women with pre-eclampsia and normotensive pregnant women were primiparous. None
of them had ever smoked. As shown in table 3.3, there was no significant difference between
the two groups of women recruited for the study at the time of antenatal booking. The mean
age for the cases was 27.5 and controls were 28.0. The mean body mass index for the case
group was 22.2 and the matched control group had a mean body mass index of 22.8.
Accordingly, Pre-eclampsia case group and the normotensive control group were matched for
maternal age and body mass index (BMI). At the first antenatal visit both women with pre-
eclampsia and normotensive pregnant women had blood pressure in the normal range and had

no evidence of proteinuria.

Table 3.3 Comparison of the phenotypic features of both cases and controls

Women with Normotensive p- value
Pre-eclampsia women
(n=55) (n=55)

Mean Age (SD) 27.5 (5.4) 28.0 (5.3) 1.000
Mean body mass indexJ (SD) 22.2 (3.1) 22.8 (3.0) 0.607
(kg/m2)
Gestation (weeks)f M (iqr) 9.4 (8.0-13.6) 8.4 (7.4-13.0) 0.512
Blood pressure
Mean Systolic (mmHgQ) (SD) 110.2 (10.4) 111.8(8.1) 0.521
Mean Diastolic (mmHgQ) (SD) 73.1 (7.8) 72.7 (5.6) 0.188

M (igr), median (interquartile range); SD, standard deviation, f7 pregnancies were booked after 20 weeks of
gestation, t The weight and height were measured after 20 weeks in un-booked women.
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3.14 Comparison of the demographic characters of cases and controls

The disease aetiology may play a significant role in the disease diagnosis and management.
Characteristics of women with pre-eclampsia (case group) at delivery is summarised in table
3.4. The mean gestational age at delivery was 36.0, where 36 (65.4%) women delivered pre-

term (before 37 weeks of gestation) and 18 (32.7%) ofwomen delivered before 34 weeks.

Table 3.4 Comparison of the gestational ages at the time of delivery

Women with pre- Normotensive

eclampsia pregnant women
Gestation at delivery M (igr) 36.0 (33.0-37.2) 38.2 (38.0-38.5)
(weeks)
Before 34 weeks n (%) 18 (32.7%) 0
34 to 36.6 weeks n (%) 18 (32.7%) 0
Before 37 weeks n (%) 36 (65.4%) 0
(Pre-term delivery)
After 37 weeks n (%) 19 (34.5%) 55 (100%)

(Delivery at Term)
M (igr), median (interquartile range); n (%), number (percentage)
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As discussed in chapter 1, pre-eclampsia is liable for severe complications and is a life
threatening condition. Figure 3.2 indicates that even though all normotensive pregnant women
delivered at term (after the 37 weeks of gestation), more than 65.4% of women with pre-
eclampsia delivered pre-term before 37 weeks of gestation. The median gestation age at
delivery for the normotensive pregnant women remained at 38.0 (38.0-38.5). All deliveries
related to normotensive women were uncomplicated compared to the women with pre-

eclampsia.

] Controls

[ Cases

Gestation (weeks)

Figure 3.2 Gestation at delivery for the cases and controls

More than half of women with preeclampsia (cases) had preterm deliveries, where some of
them even delivered as early as 27.5 weeks. All normotensive pregnant women (controls)
delivered at term after 37 weeks of gestation.
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Table 3.5 Complications observed in women with pre-eclampsia

Complications Early on set Late onset PE
(<34 weeks) (> 35 weeks)
(n=237)
(n = 18) No (%) n=>55
No (%) p-value No (%)
SBP > 160mmHg 13 (72.2) 17 (45.9) 0.068 30 (54.5)
DBP >11 OmmHg 7 (38.8) 10(27.0) 0.381 17 (30.9)
Proteinuria (>3+HCT) 12 (66.6) 16(43.2) 0.107 28 (50.9)
Renal impairment 1(5.5) 1(2.7) 0.572 2 (3.6)
requiring dialysis
Thrombocytopenia 1(5.5) 4(10.8) 0.534 5(9.0)
(<100x109/L)
Elevated liver enzyme 1(5.9) 4 (10.8) 0.534 5 (9.0)
(AST and/or ALT
> 70 U/L)
Developed Eclampsia 5(27.7) 3(8.1) 0.054 8 (14.5)
Developed HELLP 1(5.5) 1(2.7) 0.194 2 (3.6)
syndrome
EM/LSCS 15 (83.3) 17(45.9) 0.008 32 (58.1)
Admitted to Intensive 8 (44.4) 5(13.5) 0.011 13 (23.6)
care unit
Maternal death 0 0 0

SBP, systolic blood pressure; DBP, diastolic blood pressure; AST, aspartate aminotransaminase; ALT, alanine

aminotransaminase;HCT, the urine protein heat coagulation test.
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Table 3.5 compares the complications observed in women with early onset and late onset of
pre-eclampsia. It is evident that women with early onset pre-eclampsia have a higher risk of
developing pregnancy complications compared to the women with late onset pre-eclampsia. 18
ofthe 55 (32.7%) women with preeclampsia in our study population developed early onsetpre-
eclampsia. Under these circumstances it is apparent that, early onset pre-eclampsia needs to be

carefully observed as it may lead to severe maternal and perinatal morbidity and mortality.

As shown in table 3.5, 13 of 18 (72.2%) women with early onset pre-eclampsia developed
severe systolic blood pressure of > 160mmHg and 12 (66.6% ) developed proteinuria of > 3+
HCT. In this group, women with early onset pre-eclampsia were 70% vulnerable to the risk of
developing a severe form of the disease. Furthermore women with early onset pre-eclampsia
were three times more likely to develop eclampsia compared to the women with late onset pre-
eclampsia (P= 0.05). 15 out of the 18 (83.3%) women with early onset pre-eclampsia

underwent emergency caesarean sections (P= 0.008).

Insummary, 30 (54.5%) of 55 women with pre-eclampsia had > 160mmHg, 17 (30.9%) had >
11OmmHg and 28 (50.9%) proteinuria. 32 (58.1%) of55 women with pre-eclampsia underwent

EM/LSCS. However, all normotensive pregnant women underwent EL/LSCS and had no

pregnancy complications.
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Table 3.6 illustrates the rising blood pressure of women with pre-eclampsia. When considering the
highest recorded blood pressure of women with pre-eclampsia for the study, 52 (94.5%; n=55) had
a>30mmHg rise in SBP, 35 (63.6 %; n=55) had a > 25 mmHg rise in DBP and 55 (100 %; n=55)
had a> 15mmHg rise in DBP pressure. In addition, 5 (9%) women with pre-eclampsia had a SBP
rise of > 70mmHg and 4 (7%) had a >80mmHg rise. Moreover, more than half the population
(56%) of women with pre-eclampsia were having a rising diastolic blood pressure of> 30mmHg
and one fourth ofthe population (27%) were experiencing an enhanced rate of>40mmHg. 3 (5.4%)

were observed with a rise in diastolic blood pressure of > 50mmHg.

148



Table 3.6 Rising blood pressure of women with pre-eclampsia

RISING BLOOD PRESSURE (N=55)

SBP (mmHg) DBP (mmHg)

>0 >50 >60 >10 >80 >15 >2h >0 >40 il

@) 00 ap) @) ) n()  nl)  n®)  nl) (%

DM BEY LAY 500 1) BN BEE  UB)  BEY 364

149



As summarized in table 3.7 the median (iqr) for gestational age at delivery was 31.2 (30.15-

32.6) and 37 (36.1-38.0) for women with late on set pre-eclampsia. Mean birth weight for the

women with early onset pre-eclampsia was 1.27 and 2.4 for the late onset pre-eclampsia (Table

3.7). 16 (88.8%) babies bom to women with early onset pre-eclampsia were admitted to either

the neonatal intensive care unit (NICU) or the prenatal baby unit (PBU). All babies bom to

normotensive pregnant women had a birth weight more than 2kg and were healthy.

Table 3.7 Prenatal morbidity and mortality of babies born to women with pre-eclampsia

Complications

Gestation at
delivery (weeks)

Mean birth weight
(kg)
Birth weight less
than 2 kg

Birth weight
between

1-1-5kg

Birth weight less
than 1kg

Admitted to
NICU/PBU

Prenatal losses

M
(iqr)

(SD)

(%)

(%)

(%)

(%)

(%)

Early on set

(<34 weeks)

(n = 18)
No (%)

31.2
(30.15-32.6)

1.27 (0.40)

17 (94.0)

14 (77.7)

3 (16.6)

16 (88.8)

3 (16.6)
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Late onset
(>35weeks)

(n=237)
No (%)

37.0
(36.1-38.0)

2.4 (0.71)

10 (27.0)

3(8.1)

13 (35.1)

P value

0.0001

0.0001

0.011

0.0001

0.0001

Women with
preeclampsia
(n= 55)
No (%)

36.0
(33.0-37.2)

2.0 (0.83)

27 (49.0)

17 (30.9)

3 (5.4)

29 (52.7)

3 (5.4)



Table 3.8 Phenotypic characters of women delivered pre-term at < 30 weeks

Age

BMI

BP(mmHg) at
ANC

Albumin at ANC

Gestation at

delivery (weeks)

BP(mmHg) at

delivery

Albumin at

delivery

Weight of baby at
birth (kg)

Live birth

Survive till
discharge

P10

26

29

120/70

nil

30

150/90

3+

1.100

yes

Neonatal

death

P13

33

27

120/80

nil

30

180/100

3+

1.100

yes

yes

P21

38

26

120/80

nil

30

150/100

2+

1.100

yes

yes

P26

19

19

110/70

nil

30

140/100

3+

0.480

yes

Neonatal

death

P31

33

18

120/80

nil

27

180/110

3+

0.810

yes

yes

P34

27

19

120/80

nil

29

160/100

2+

1.000

yes

Neonatal
death

ANC; Antenatal Clinic, BP; Blood pressure, P10, P13, P21, P26, P31, P34 are screening number allocated for the

samples in the case groups.
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Table 3.8 summarizes the phenotypic characters of women with pre-eclampsia delivered pre-
term at < 30 weeks. 6 women with early onset pre-eclampsia developed the severe form of the
disease and had no alternative but to undergo delivery via caesarean section before the 30th
weeks of gestation. As illustrated in table 3.8, all babies bom to the 6 women were having very
low birth weights and sadly, one of them just weighed 480g. Early onset pre-eclampsia results
in intra uterine growth restriction (IUGR), low fetal movement (FM) and preterm delivery.
Thus, it can be stated that there’s a significant risk of low birth weight babies to be bom to
women with pre-eclampsia and carries a higher risk of prenatal death associated with preterm
delivery in women with early onset pre-eclampsia (P =0.0001). 3 (5.4%) neonatal deaths were
recorded from the case group (women with pre-eclampsia). The phenotypic data obtained from
the study, further emphasises and confirms pre-eclampsia is associated with severe maternal

and prenatal morbidity and mortality.

Table 3.9 summarizes the phenotypic data of women with pre-eclampsia recruited to the

current study (2010-2011) with that of a similar cohort recruited in 2001-2003.
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Table 3.9 Comparison of data between the periods 2001-2003 and 2010-2011

Complications During 2010-2011 During 2001-2003

n=55; n (%) n=180; n (%)

SBP > 160mmHg 30 (54.5) 136 (75.5)
DBP > IlOmmHg 17 (30.9) 151 (83.8)
Proteinuria (>3+HCT) 28 (50.9) 156 (86.6)
Renal impairment requiring dialysis 2 (3.6) 4 (2.2)
Thrombocytopenia (<100x109/L) 5 (9.0) 23 (12.7)
Elevated liver enzyme 5 (9.0) 19  (10.5)
(AST and/or ALT > 70 U/L)
Developed eclampsia 8 (14.5) 16 (8.8)
Admitted to Intensive care unit 13 (23.6) No data
Maternal death 0 1 (1.3)
Mean birth weight
(kg) (SD) Early onset PE 1.27 (0.40) 1.13 (0.48)

Late onset PE 2.4 (0.71) 2.32 (0.58)
Birth weight below 2 kg 27 (49.0) No data
Birth weight below 1 kg 3 (5.4) No data
Admitted to NICU/PBU 29 (52.7) No data
Perinatal losses 3 (5.4) 45 (25)

SBP, systolic blood pressure; DBP, diastolic blood pressure; AST, aspartate aminotransaminase; ALT, alanine
aminotransaminase; HCT, the urine protein heat coagulation test.
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RESULTS- PHASE 1

32 The Metagenomics Analysis

321 Results of bacterial metagenomics- Placental tissue samples

As illustrated in figure 3.3 a 500bp band on the agarose gel indicates the presence of 16S rRNA

gene, giving positive results for the presence of bacteria.

I00bp
ladder +ve +V -ve

500bp

Figure 3.3 Gel picture of 16S rRNA PCR assay

500bp band on the agarose gel indicates the presence of 16S rRNA gene, giving positive results
for the presence of bacteria.

16S rRNA PCR test carried out to detect the presence of bacteria in placental tissue samples
obtained from women with pre-eclampsia resulted in 7 (12.7%) positives. The 16S ribosomal
RNA was detected in 7 samples and gave a 500bp band (as illustrated in figure 3.3) when
visualized on an agarose gel. None of the control group (normotensive women) was positive
for the presence of bacteria. The 7 positive samples were then sequenced using Sanger
sequencing method. Figure 3.4 is an electrophorogram with clear peaks indicates a presence of
a single bacterium and facilitate easy identification of the bacterium present. Multiple

overlapping nucleotide peaks in the electrophorogram as in figure 3.5 indicates the presence of
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mixed infection. Accordingly, 6 (85.7%) of the seven positive samples were indicating the

presence of mixed infection.

Figure 3.4 Clear Electrophorogram

Electrophorogram with clear peaks indicates a presence of single bacterium and facilitate easy

identification of the bacterium present.

Figure 3.5 Distorted Electrophorogram

Multiple overlapping nucleotide peaks in the electrophorogram indicates the presence of mixed

infection.
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The 16S rRNA gene ofthe samples which had mixed infections was cloned in to pPGEM-T and
was transformed in to competent JIM109 cells. White colonies are colonies with the 16S rRNA

gene of interest as shown in figure 3.6 below.

White colony with the insert

Blue colony without the insert

Figure 3.6 ‘Blue and W hite’ colony plate

White colonies are colonies with the target insert. Blue and white colony plate helps in
identifying the colony carrying the target insert DNA.
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Transformation Efficiency was calculated as below:

Transformation efficiency = Number ofcolony forming units
0.00Ing

Average colony forming units

250+170 =210cfu
2

Transformation efficiency 210cfu = 2x105cfu/ng = 2x108cfu/pg DNA

0.00QIng

Accordingly, the JM109 competent cells used for the transformation step in the cloning

experiment was having a competency of 2x108cfii/pg DNA.

Insert + primers (~ 600bp)

16S rRNA gene insert (~ 500bp)
Ladder (Ikb)

Ladder (100 bp)

Figure 3.7 Gel picture of the colony PCR product
Band at 500bp indicates the plasmid prepared contains the insert of interest (500bp). Band at

600bp indicates the insert amplified with the T7 and SP6 primers. This gel suggests a successful
cloning of the insert DNA.
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"he gel picture in figure 3.7 illustrates result of a colony PCR performed to confirm the

resence of 16S rRNA gene of insert in the white colonies selected.

"he samples confirmed by colony PCR was Sanger sequenced and the following results were
btained. The bacteria identified from women with pre-eclampsia were Bacillus cereus in 1
.ample (14.2%); Bacillus circulans in 1 sample (14.2%); Klebsiella pneumonia in 2 samples
28.5%); Lactobacillus iners in 1 sample (14.2%); Bacillus sp. in 4 samples (57.1%);
Aermicutes in 6 sample (85.7%); Proteobacterium in 1 sample (14.2%); Uncultured bacteria

n3 samples (42.8%). Multiple infections were found in 6 (85.7%) samples.
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Table 3.10 Bacteria identified from the placental tissues of women with pre-eclampsia

Women with Preeclampsia Results
Screening number Bacteria Identified

P9 ®  Bacillus cereus

P23 B Bacillus species

®  Stenotrophomonas

B Pseudoxanthomonas

P26 B Klebsiellapneumoniae
B Proteobacterium

B  Uncultured bacteria

P30 ®  Bacillus species
®  Bacillus circulans
® Bacillus thermoamylovorans
®  Anoxybacillusflavithermas

B Klebsiellapneumoniae
P34 ®  Uncultured bacteria*

P36 ®  Bacillus species

®  Anoxybacillusflavithermus

P54 ®  Uncultured bacteria
B Fermicutes

Lactobacillus iners

*Sample number P34 failed to identify the bacteria up to genus level. Refer annexures 7.1 for the

BLAST reports of the organisms identified.
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3.2.2 Results of fungal metagenomics- Placental tissue samples

Only 1(1.8%) sample, patient screening no P5, was detected positive for the presence of fungi
in women with pre-eclampsia. However, none of the normotensive women was detected
positive for the presence of fungi. The fungi identified using fungal metagenomics was

'‘Malassezia restricta ’strain. None of the normotensive women were positive for the presence

of fungi.

3.2.3 Results ofviral metagenomics- Placental tissue samples
None of the samples, from both cases and controls were detected positive for the presence of

Viruses.

3.2.4 Results of bacterial/ fungal metagenomics- Amniotic fluid samples

1(2.0%) sample out of the 48 amniotic fluid samples of women with pre-eclampsia was
detected positive for the presence ofbacteria. However, there were no fungi detected in women
with pre-eclampsia. In addition, none of the normotensive women were detected positive for
the presence of bacteria or fungi. The sample detected positive for the presence of bacteria in
women with pre-eclampsia was the amniotic fluid sample with the screening number P9 and

the bacteria was identified as Bacillus cereus.
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3.2.5 Results of bacterial/fungal metagenomics- Blood samples

3 (5.5%) samples from the women with pre-eclampsia were positive for the presence ofbacteria
but none were detected positive for fungi. Similar to the previous results, none of the blood
samples obtained from normotensive women were detected positive for the presence ofbacteria

or fungi. The bacteria identified in the blood samples of women with pre-eclampsia is

illustrated in Table 3.11 below.

Table 3.11 Bacteria identified from the blood samples of women with pre-eclampsia

Women with Preeclampsia Results
Screening number Bacteria Identified
P7 m Reyranella sp.

m Uncultured proteobacterium

P8 m Reyranella sp.

P10 m Ralstonia picketti
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3.2.6 Results of bacteria/fungi metagenomics- Urine samples

None of the case group nor the control group women were detected positive for the presence
of fungi. However, 8 (14.5%) women with pre-eclampsia and 9 (16%) normotensive pregnant
women were detected positive for the presence of bacteria. Table 3.12 summarizes the bacteria

identified from the urine samples of these women.

Table 3.12 Bacteria identified from the urine samples

Women with Bacteria identified Normotensive Bacteria identified
pre-eclampsia women
P3 Lactobacillus gasseri N3 Uncultured bacteria
Pl Uncultured bacteria N21 Uncultured bacteria
P13 Uncultured bacteria N 24 Prevotella bivia
P18 Veillonella montpellierensis N33 Uncultured bacteria
P21 Lactobacillus criptus N37 Uncultured bacteria
P37 Veillonella montpellierensis N42 Bacillus sp.
P46 Veillonella montpellierensis N48 Lactobacillus sp.
P50 Uncultured bacteria N50 Atopobium vaginae
N54 Streptococcus agalactiae
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3.2.7 Phase 1resultsin summary

At the end of phase 1 of the current study, placenta of 7 (12.7%) of 55 women with pre-
eclampsia were positive for bacteria. Figures 3.8, 3.9, 3.10, 3.11, 3.12 illustrate the phylogenic
trees of bacteria identified in the placental tissue samples of women with pre-eclampsia. 1
(1.8%) was positive for fungi and none (0%) were positive for viruses. None (0%) of the
normotensive pregnant women samples were positive for the presence of bacteria, fungi or

Viruses.

Other biological samples obtained from these placenta during delivery via caesarean section
were further tested using 16S5/28S metagenomics for the detection ofbacteria and fungi. 1(2%)
of the 48 amniotic fluid samples of women with pre-eclampsia were positive for bacteria but
none were positive for fungi. None (0%) of the normotensive women samples were positive
for the presence ofbacteria, fungi or viruses. 3 (5.5%) ofthe 54 blood samples ofwomen with
pre-eclampsia were positive for bacteria but fungi were not detected. None (0%) of the
normotensive women blood samples were positive for bacteria, fungi or viruses. 8 (14.5%) of
the urine samples obtained from women with pre-eclampsia and 9 (16%) of the urine samples
obtained from normotensive women were positive for bacteria. However, none of the cases or

control samples was positive for fungi.

The table 3.13 illustrates the bacteria identified from the biological samples of women with
pre-eclampsia and normotensive pregnant women. Accordingly, even though amniotic fluid,
blood, urine gave preliminary evidence for the presence of bacteria, only the bacteria present
in placental tissues were statistically significant (P=0.006). In view of the above, it can be

safely concluded that at the end of phase 1, preliminary evidence is available on the presence
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of bacteria in the placental tissues of women with pre-eclampsia. Placental bacteria may play
a significant role in the multifactorial aetiology of pre-eclampsia. This is further analysed by
novel metagenomics using next generation sequencing in phase 2 of the study. Table 3.14,
illustrates the fungi identified from the biological samples of women with pre-eclampsia. Only
1 sample was positive from the placental tissue samples and was identified as Malassezia
restricta strain, which can be ignored as it is considered anormal commensal on skin. This will
be discussed in detail in chapter 4, Discussion. Table 3.15, summarizes the bacteria identified

in the biological samples of women with pre-eclampsia and normotensive women.
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RESULTS-PHASE 2

3.3 The Metagenomics Analysis

3.3.1 Bacterial identification using 16S Metagenomics NGS

3.3.1.1 Results ofwholegene amplification 0f16S rRNA gene

1500bp (16S rRNA whole gene)

Figure 3.13 Gel picture visualizing the whole genome of 16S rRNA gene

Band at 1500bp indicates the whole genome amplification of the 16S rRNA gene of bacteria.

The amplification of the whole genome of the 16S ribosomal RNA gene gave a 1500bp band
when run on a 1.5% agarose gel as indicated in Figure 3.13. Seven (12.7%) placental tissue
samples which became positive with the 16S partial gene amplification were re-detected for
the presence ofbacteria using the 16S whole genome amplification. None in the control group
(normotensive women) resulted in a positive even with the whole genome amplification.
Accordingly, the 7 samples which was analysed using Sanger sequencing were further analysed

using the 16S metagenomics next generation sequencing technology.
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3.3.1.2 Metagenomics results by 1llumina MiSeq Reporter

Sample P9

mBacillus Anaerobacillus m Staphylococcus m Marinibacillus

mHalobacillus mPropionibacterium mListeria

Figure 3.14 Genus level classification of sample P9

Sample 23

Bacillus Anaerobacillus m Pseudoxanthomonas m Staphylococcus

mHydrogenophilus mSchlegelella mAnoxybacillus

Figure 3.15 Genus level classification of sample P23
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Sample 26

mNocardiopsis Escherichia mShigella mPrauseria mSalmonella ® Yersinia mKlebsiella

Figure 3.16 Genus level classification of sample P26

Figure 3.17 Genus level classification of sample P30
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Sample 34

mHydrogenophilus Anoxybacillus m Pseudoxanthomonas
m Geobacillus m Schlegelella m Methylobacterium
mPropionibacterium Bacillus m Delftia

Figure 3.18 Genus level classification of sample P34

Sample 36

mBacillus Anaerobacillus m Marinibacillus m Halobacillus

mListeria m Natronobacillus m Viridibacillus Planomicrobium

Figure 3.19 Genus level classification of sample P36
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Sample 54

mLactobacillus Atopobium uAerococcus mDialister m Anoxybacillus
mSchlegelella m Hydrogenophilus  Listeria *Laribacter m Pediococcus

Figure 3.20 Genus level classification of sample P54

Prior to performing next generation sequencing, the quality ofthe library pool ofthe 7 placental
tissue samples were confimed by Agilent High Sensitivity DNA kit as explained in section
2.14.4.8 (Agilent Technologies, Germany) and the test report is given in annexures 7.2. The
above pie charts illustrates the next generation sequening results obtained using the Illumina
MiSeq, giving the complete microbiome up to genus level of the 7 placental tissue samples of

women with pre-eclampsia.
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P9

Bacillus 96.19%
Anaerobacillus 1.49%
Staphylococcus 0.87%
Marinibacillus 0.57%
Halobacillus 0.42%
Propionibacterium 0.24%
Listeria 0.23%
P23
Bacillus 92.91%
Anaerobacillus 1.86%
Pseudoxanthomonas 1.29%
Staphylococcus 1.10%
Hydrogenophilus 1.04%
Shlegelella 0.98%
Anoxybacillus 0.82%
P26
Nocardiopsis 44.46%
Escherichia 17.91%
Shigella 17.05%
Praseria 13.69%
Salmonella 577%
Yersinia 0.71%
Klebsiella 0.41%
P30
Bacillus 96.17%
Anaerobacillus 2.01%
M arinibacillus 0.71%
Halobacillus 0.67%
Listeria 0.43%
P34
Hydrogenophilus 27.38%
Anoxybacillus 21.24%
Pseudoxanthomonas 12.62%
Geobacillus 9.94%
Shlegella 9.52%
M ethylobacterium 2.71%
Bacillus 2.68%
Delfia 1.83%
P36
Bacillus 95.52%
Anaerobacillus 2.29%
Marinibacillus 0.73%
Halobacillus 0.68%
Listeria 0.45%
Natronobacillus 0.32%

Varidibacillus 271%
Planomicrobium 6?'.1'.6/0

P54

Lactobacillus 87.27%
Aatopobium 4.72%
Aerococcus 2.82%
Dialister 1.57%
Anoxybacillus 0.73%
Schlegella 0.72%
Hydrogenophilus 0.72%
Listeria 0.67%
Laribacter 0.51%
Pediococcus 0.26%

Figure 3.21 Genus level classification of bacteria with percentage
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Figure 3.22 Phylum level classification

Sample 2 Sample 3 Sample 4 Sample 5 Sample 6
IS Unclassified Si Bacillaceae u Comamonadaceae
U Enterobacteriaceae H Hydrogenophilaceae W Lactobacillaceae

Figure 3.23 Family level classification
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Figure 3.22 illustrates the phylum level classification of the 7 samples according to the MiSeq
reporter analysis. Accordingly, from the phylum level classification it can be easily observed
that sample P9 and P36 is rich in Phylum Fermicutes. Sample P23 has Fermicutes and a small
number of bacteria belonging to phylum Proteobacterium. P26 has bacteria belonging to
phylum Actinobacteria and Proteobacterium. P34 has bacteria from phylum Fermicutes and
Proteobacterium. Sample 54 contains bacteria belonging to phylum Fermicutes and fewer
numbers of bacteria belonging to phylum Proteobacterium and Actinobacteria. Similarly,
figure 3.23 illustrates the family level classification of the 7 samples analysed by next
generation sequencing. As illustrated in the above bar chart, sample P9, P23, P30, P34 & P36
contains bacteria belonging to the family Bacillaceae. Sample P26 contains Enterobacteriaceae
and Nocardiopsaceae whilst the sample P54 contains Lactobacillus. Apart from these, sample
no P23 contains fewer numbers of bacteria belonging to the family Enterobacteriaceae.
According to species level classification (figure 3.24) Bacillus cereus is more abundant in

samples P9, P23, P30, P36 and sample 54 has Lactobacillus iners.

m [
Sample 1 Sample 2 Sample3 Sample4 Sample5 Sample 6 Sample 7

m Unclassified bacillus alcalophilus m bacillus cereus
m bacillusfuniculus m brevibacillus brevis mclostridium cellulolyticum
m |actobacillus brevis lactobacillus iners m lactobacillus reuteri

m lactobacillus ruminis

Figure 3.24 Species level classification
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Species Level Identification- using Mothur software

P9

Bacillus cereus 99.68%
Bacillusfuniculus 0.17%
S. paucimobilis 0.08%
B. alcalophilus 0.07%
P23

Bacillus cereus 98.82%
Bacillusfuniculus 0.34%
D. aeronauticum 0.18%
B. alcolophilus 0.16%
Brevibacillus brevis 0.12%
Bacillus coagulans 0.09%
Clostridium cellulolyticum 0.08%
Lactobacillus kimchi 0.06%
Lactobacillus ruminis 0.05%
Caloramator indicus 0.04%
Varivorax paradoxus 0.04%
Prevotella Shahii 0.03%
P26

Not classified up to species level

P30

Bacillus cereus 99.79%
Bacillusfuniculus 0.09%
Clostridium cellulyticum 0.08%
Prevotella shahii 0.04%
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P34

Not classified up to species level

P36

Bacillus cereus 99.79%
Bacillusfuniculus 0.09%
Clostridium cellulolyticum 0.08%
Lactobacillus ruminis 0.04%
Prevotella shahii 0.03%
P54

Lactobacillus iners 91.86%
Lactobacillus reuteri 0.72%
Lactobacillus brevis 0.43%
Lactobacillus acidipiscic 0.40%
Lactobacillus kimchi 0.13%
Clostridium cellulotyicum 0.11%
Collinsella stercoris 0.10%
Clostridum formioaceticum 0.07%
Bacillus alcolophilus 0.06%
Bacillus cereus 0.04%
Caloramator indicus 0.04%
Listeria monocytogenes 0.04%

Figure 3.25 Quantitative data obtained at species level

The total number ofreads and percentage of each bacteria present in the samples up to species
level. Next generation sequencing makes available for quantitative data (read count and

percentages) of each species present in the sample.
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3.3.1.3 Demographic characteristics ofwomen with pre-eclampsia positivefor bacteria

Table 3.16 Demographic characteristics of the seven women with pre-eclampsia

P09 P23 P26 P30 P34 P36 P54
Age 28 25 19 34 27 26 32
BMI 21 24 19 20 19 23 27
BP(mmHQ) at 100/60 120/70 110/70 100/70 120/80 100/80 90/60
ANC
Albumin at ANC nil nil nil nil nil nil nil
Ethnicity Sinhala Tamil Sinhala Tamil Sinhala Sinhala Sinhala
Mothers House  House House Pharmacy House Teaching House
Occupation W ife W ife W ife Assistant W ife Wife
Known No No Mild No Mild No No
[lIness/STD/UTI Cough Cough
BP(mmHg) at 140/90 150/100 140/100 140/90 160/100 150/100 150/100
delivery
Albumin at 3+ 2+ 3+ 3+ 2+ 3+ 1+
delivery
Rise in BP from 40/30 30/30 30/30 40/20 40/20 50/20 60/40
ANC to delivery
Late Vs Early Late Late Early Late Early L ate Early
Onset PE 36.0 35.0 30.1 38.0 29.4 35.2 31.5
Gestation at 36.0 35.0 30.0 38.3 29.4 35.3 36.5
delivery
Indications for PE PE PE PE Severe PE PE
LSCS IUGR PE IUGR

Low Pit
Weight of baby at 2.600 1.945 0.480 2.150 1.000 2.318 1.670
birth (kg)
Neonatal Death Neonatal Neonatal "
Death Death

Demographic characters of the seven with preeclampsia illustrated. BMI; Body Mass Index,
BP; Blood pressure, ANC; Antenatal Clinic, STD; Sexually Transmitted Diseases, UTI;
Urinary Tract Infection, PE; Preeclampsia, LSCS; Lowe Segment Caesarean section.
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As shown in Table 3.16, the 7 women with pre-eclampsia who detected positive for the
presence of bacteria were between 19-32 years of age with the BM I between the ranges of 19-
27. None ofthese women had ever smoked and had no known infectious diseases or reported
any serious illness during the pregnancy other than being pre-eclamptic. AIll women were
reported to have had normal blood pressure at the antenatal booking and had no signs of
albumin. However, all 7 were diagnosed of pre-eclampsia with systolic blood pressure more
than 140mmHg and diastolic blood pressure more than 90 mmHg and containing albumin more
than 300mg per day. Patient with the screening number P54 had a 60/40mmHg rise in her blood

pressure and the rest had more than 30/30mmHg rise in theirblood pressure from ANC booking

date to the date of delivery.

Except for the patient with the screening number P30, all six of them delivered pre-term and
four of them (P36, P34, P26 & P9) had emergency caesarean sections. However, patients P26
& P34 had pre term delivery before 30 weeks and had serious pregnancy complications due to
pre-eclampsia. Foetus of these two women suffered from intra uterine growth restriction
(IUGR) and low fetal movement (FM) and had to be delivered immediately. The baby bom to
the woman with screening number P26 weighed 480g at birth and baby of P34 patient was just
Ikg. Both these babies died within a few days’ of birth due to pre-maturity. Patients P23, P26,
P34 & P54 all had babies with birth weight less than 2kg. Table 3.17 below illustrates the

bacteria identified in these 7 women in both phase 1and phase 2 ofthe study.
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Table 3.17 Bacteria identified in the placental tissues of 7women with pre-eclampsia

P9

P23

P26

P30

P34

P36

P54

Phase 1

Bacillus cereus

Bacillus sp.

Klebsiellapneumoniae
Proteobacterium

Bacillus sp.
Bacillus circulans

Anoxybacillusflavithermus

Uncultured bacteria

Bacillus sp.

Anoxybacillusflavithermus

Uncultured bacteria
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Phase 2

Bacillus cereus
Anaerobacillus
Staphylococcus
Listeria

Bacillus cereus
Anaerobacillus
Staphylococcus
Anoxybacillus
Variovorax paradoxus
Prevotella shahii

Nocardiopsis
Escherichia

Shigella

Salmonella

Yersinia

Klebsiella
Variovoraxparadoxus

Bacillus cereus
Anaerobacillus
Listeria
Prevotella shahii

Anoxybacillus
Geobacillus

Bacillus cereus
Anaerobacillus
Listeria
Prevotella shahii

Dialister
Anoxybacillus
Listeria
Laribacter

P. endodontalis



3.3.2 Bacterial identification using 16S Independent Metagenomics NGS

Bacterial detection and identification using the 16S independent metagenomics was carried out
by purifying the bacterial DNA by removing human host DNA contaminant using the MolYsis
Bacterial Basic kit of Molzem, Germany. However, it was not possible to get substantial
amounts of bacterial DN A through this method. Most of the bacteria present in the samples
were lost during the process of removing human DNA. It is necessary to remove human DNA
contamination to carry out 16S independent metagenomics, which uses the whole genome
amplification. Due to this status the 16S independent metagenomics test is not suitable for the
detection of bacteria from a human sample as the presence of a large background of human
DNA would hinder the identification of bacteria. As explained our attempts for the use of 16S

independent metagenomics method to identify bacteria from human sample was not successful.

3.3.3 Interpretation of Results

The results obtained provide preliminary evidence for the presence ofinfectious agents causing
gastroenteritis, respiratory infections and periodontal diseases in association with pre-

eclampsia. The results of phase 1 & 2 of the study indicated a significant association of

placental bacteria with pre-eclampsia.
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4 DISCUSSION

4.1 Phenotypic analysis of the study population

4.1.1 Study population

The study was carried out on 55 primiparous women with pre-eclampsia (case group) and 55
primiparous normotensive pregnant women (control group). The women with pre-eclampsia were
matched for age and body mass index (BMI) with the control group. As indicated in table 3.3,
mean age of women with pre-eclampsia was 27.5 and the mean age of the normotensive pregnant
women was 28. W hilst the mean BMI in women with pre-eclampsia was 22.2, the mean BM1 in
the control group was 22.8. This signifies the cases and controls recruited to the study were
properly matched. Strict defined inclusion and exclusion criteria were followed throughout the

patient recruitment and all samples were collected at the time of caesarean section, under strict

aseptic conditions.

It was ascertained that women of the study population with pre-eclampsia faced severe pregnancy
complications in comparison to the normotensive pregnant women. At the first antenatal booking,
both case and control group of women remained with normal blood pressure with no signs of
proteinuria. However, as the pregnancy advanced the women with pre-eclampsia developed
hypertension with systolic blood pressure of > 140mmHg, diastolic blood pressure of > 90mmHg
and having proteinuria of more than 300mg per day. 30 (54.5%) out of the 55 women with pre-
eclampsia developed severe systolic blood pressure, 17 (30.9%) developed severe diastolic blood

pressure and 28 (50.9%) of them developed severe proteinuria.
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Furthermore, 36 (65.4%) of 55 women with pre-eclampsia delivered preterm, had babies with intra
uterine growth restricted (ITUGR), low fetal movement and gave birth to babies with very low birth
weight. All normotensive women in contrast had uncomplicated pregnancies and underwent

delivery through caesarean section due to obstetrics conditions such as maternal request, primi-

breech, head not engaged and unfavourable cervix.

A study carried out during the period 1994-2003 with 364 cases with pre-eclampsia and 249 control
women had reported that pre-eclampsia is associated with high maternal complications, high rate
of IUGR and low birth weights (Liu et al.,, 2008). Another complication related to severe pre-
eclampsia is the occurrence of HELLP syndrome. In the current study 2 (3.6%) women with pre-
eclampsia developed HELLP syndrome. However, the incidence of HELLP syndrome in the

current study is much less compared to an incidence 0f6.4% reported in astudy carried outin 2006

(Demir et al., 2006).

A study carried out by (Jesmin, 2011), reported that 64% of women with pre-eclampsia delivered
pre-term whilst 48% of babies bom to these women were of low birth weight. This study reported
a prenatal mortality rate of 8%. It is fascinating to note the rate of complications reported in the
study carried out by (Jesmin, 2011) has a close similarity to the rate of complications recorded in

the current study.
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412 Maternal morbidity and mortality

Pre-eclampsia is associated with severe maternal and fetal morbidity and mortality (Sarsam et
al., 2008, Wagner, 2004, Thangaratinam et al., 2008, Gaillard et al., 2011b, Ghulmiyyah and
Sibai, 2012, Dissanayake et al., 2007). Severe maternal morbidity was defined as systolic
blood pressure of (SBP > 160mmHg), diastolic blood pressure of (DBP >110 mmHg),
proteinuriaof> 3+ on HCT (> 150mg/dl), thrombocytopenia of ( < I00x 1091), impaired liver
function (aspartate aminotransferase (AST) and alanine aminotransferase (ALT) of> 70 U/L),

renal failure requiring dialysis, placental abruption and eclampsia (Dissanayake et al., 2007).

All these clinical features are associated with maternal morbidity and mortality. More than half
ofthe women in the case group were diagnosed with severe pre-eclampsia and developed most
of the above morbidities. Research carried out over the years have given clear evidence that
early onset pre-eclampsia is more severe than late onset pre-eclampsia (Steegers et al., 2010,
Dissanayake et al., 2007). It is evident that the babies bom to women with early onset pre-
eclampsia carries a higher risk of being bom premature and to possess low birth weight. 17
(94%) of women with early onset pre-eclampsia gave birth to babies with a birth weight below
2kg. 14 (77.7%) had babies with birth weights between 1to 1.5kg and 3 (16.6%) had babies
with a birth weight less than 1 kg. Accordingly it is evident that babies bom to women with
early onset pre-eclampsia had many prenatal complications in comparison to late onset pre-
eclampsia (P < 0.0001). The overall risk factor for women with pre-eclampsia to give birth to

babies with a birth weight less than 2kg is almost 50%.
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4.1.3 Rise in blood pressure

The rise in blood pressure is defined as a rise in systolic pressure of >30mmHg or rise in diastolic
pressure of >15mmHg above the blood pressure recorded at the first antenatal booking (James and
Nelson-Piercy, 2004). Literature suggests that the rise in blood pressure from a pre-pregnancy or
an early pregnancy value (SBP of>30mmHg and /or DBP of> 15 mmHg) would be more accurate
than just considering a threshold value as > 140/90 mmHg in defining pregnancy induced
hypertension (Australasian-society, 1993, National-high-blood-pressure-educational-programme,

1990, Dissanayake et al., 2007, Redman and Jefferies, 1988, Gaillard et al., 2011a).

Applying the standard definition proposed by the ISSHP or the use ofrise in blood pressure in
diagnosing pre-eclampsia is presently under much debate with many controversial views being
expressed. Whilst some restrict themselves to the standard definition proposed by the ISSHP,
certain arguments prevail that a rapid rise in systolic blood pressure of more than 30 mmHg or
diastolic blood pressure of more than 15mmHg should be taken into account in diagnosing

preeclampsia (Mustafa et al., 2012).

Duley et al recommends the use of the standard definition in the diagnosis of pre-eclampsia (as
mentioned in section 1.1) (Duley et al., 2006). National Institute for Health Services and Clinical
Excellence also follows the standard definition put forward by the ISSHP in diagnosing pre-
eclampsia (NICE, 2011). However, the British Hypertension Society recommends the use ofeither
the rising blood pressure of > 15mmHg diastolic or > 30mmHg systolic from early pregnancy or
diastolic blood pressure > 90mmHg on 2 occasions 4h apart or a diastolic blood pressure of
>1 |OmmHg on one occasion with 1+ proteinuria as an indication for referral and as the criterion

for diagnosis of pre-eclampsia (Williams et al., 2004a, Williams et al., 2004b). After observing the
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rise in blood pressure as recorded in the current study, a suggestion is made to use both the rising

blood pressure as well as the standard definition of ISSHP in diagnosing pre-eclampsia.

Rising blood pressure is a significant factor associated with severity of the disease and needs
to be taken into careful consideration to ensure a proper management of the disease. The very
first pre-eclampsia patient recruited to the current study was a young woman of 27 years old
witha BMI of 18.0 recorded at the antenatal booking date. She had systolic and diastolic blood
pressure 0f 90/60mmHg on her first antenatal visit and had no signs of proteinuria. However,
at 31 weeks of gestation she was diagnosed of pre-eclampsia with a blood pressure of
140/90mmHg and within 4 days, her blood pressure rose to 170/1 IOmmHg with 3+ albumin.

She had SGOT level of47u/l, SGPT of24 u/l, platelets 0of 130,000/mm3and she developed fits.

Emergency caesarean section was performed and the baby was delivered at 31.4 weeks of
gestation with a birth weight of 980g. This patient developed eclampsia and was admitted to
the ICU and her baby was admitted to NICU due to prematurity. However, in this instance,
there was a rise in blood pressure of 80/50mmHg by the time she delivered the baby. This
resulted in life threatening condition for both the mother and the baby. When she was diagnosed
with mild pre-eclampsia having a blood pressure of 140/90mmHg, the rise in blood pressure
was 50/30mmHg. If an early intervention was made, it would have been possible to prevent

the mother developing in to fits and would have prevented her from developing eclampsia.

Under these circumstances, it is necessary to consider a threshold value depending on the rising

blood pressure rather than considering a cut off value as 140/90mmHg. It is reported that
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systolic and diastolic blood pressure changes from second to third trimester is positively
associated with the risks of pregnancy induced hypertension and preeclampsia (Gaillard et al.,
2011a). The National High Blood Pressure Education Programme consensus report (NHBPEP,
2000), stresses the position that patients with blood pressure below 140/90 mmHg but have
experienced arise in systolic blood pressure of 30mmHg or rise in diastolic blood pressure of
15mmHg should be managed as high-risk patients for pre-eclampsia (Lindheimer et al., 2010).
Leaving an expectant mother to reach the threshold value of 140mmHg may risk the lives of
two due to severe maternal and neonatal complications. Early diagnosis and treatment no doubt

will reduce the maternal and prenatal morbidity and mortality associated with pre-eclampsia.

4.1.4 Comparing two cohort studies
This is the first time, two similar cohorts (women with pre-eclampsia as case group and
normotensive pregnant women as control group) were recruited maintaining same inclusion and

exclusion criteria from similar hospitals were analysed and compared in a Sri Lankan population.

Table 3.9 compares the phenotypic data of women with pre-eclampsia recruited between the
periods of 2001-2003 and 2010-2011. The mean age of women with pre-eclampsia recruited
to the study carried out by Dissanayake et al was 27.1 and the current study was 27.5. The
mean BMI of the pre-eclamptic women recruited to the study carried out by Dissanayake et al
was 21.0 and was 22.0 in the current study. The mean systolic blood pressure of the women
with pre-eclampsia in the 2001-2003 study was 111.7 in comparison to 110.0 in the current
study. Diastolic blood pressure was 71.7 in the study carried out in 2001-2003 and was recorded
as 73.0 in the present study carried out in 2011-2013. This signifies that both studies even

though a decade apart, were performed within a similar study population.
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The median gestation age at delivery for the women with pre-eclampsia was 35 (32-38) and 36
(33-37) in the two studies respectively. As illustrated in table 3.9, during the periods of 2010
to 2011 it was observed that 30 of 55 (54.5%) women had systolic blood pressure of > 160
mmHg while in 2001 to 2003 it was 136 of 180 (75.5%). 17 of 55 (30.9%) women suffered
from severe diastolic blood pressure of > 110 mmHg during 2010-2011, whilst 151 of 180
(83.3%) during the period of 2001-2003. Proteinuria > 3+ HCT was recorded in 28 (50.9%)
women during the period of 2010-2011 and 156 of 180 (86.6%) during 2001- 2003.
Accordingly a gradual reduction was observed (between 30-50%) in the pregnancy

complications associated with pre-eclampsia over the past 7-10 year period.

There were 106 (58.9%) male babies bom during the study carried out in 2001-2003 and 27
(49%) in the study carried outin 2010-2011. In consequent this indicates the baby’s gender has

no influence on the occurrence of the disease in women with pre-eclampsia.

There is a considerable improvement in maternal life expectancy with one maternal loss in the
study carried in 2001 -2003 to no maternal deaths recorded in the current study. In addition, as
observed by the low rate of complications than in the earlier study the obstetricians seems to
be more inclined to intervene early when managing women with pre-eclampsia. For the rate of
maternal and prenatal complications to decrease early intervention and improvement in the
medical care may have played a vital role. Awareness imparted to the patients during their
antenatal visits and being educated by the health professionals on the importance of early
diagnosis and treatment could be the main reason behind the low rate ofcomplications recorded

in this study in comparison to the previous study.

193



As reported by Dissanayake et al, 2007, 16 (8.9%) out of 180 women developed eclampsia in
2001-2003 (Dissanayake et al., 2007). Where as in the current study conducted in 2010-2011
there were 8 (14.5%) out of 55 women who developed eclampsia. According to recent literature
even today, 12% of all maternal deaths are caused by eclampsia (Ghulmiyyah and Sibai, 2012).
Arise inthe number ofeclampsia patient could result in a negative impact on the management
and treatment of pre-eclampsia. This brings out the need for training and educating the health
workers on the proper management and treatment of pre-eclampsia. Furthermore, the
maintenance of proper standards in diagnosing ofpre-eclampsia and a better understanding of

the disease aetiology may play a significant role in managing women with pre-eclampsia.

The rise in the number of women who suffered from severe pregnancy complications due to
pre-eclampsia may indicate that delaying intervention until blood pressure reaching the
threshold value of 140/90mmHg may result in adverse effects on pregnant women. By
analysing the results of both the studies (study during 2001-2003 and 2010-2011) it can be
recommended that both the threshold value and the rise in blood pressure levels need to be
taken into account when treating patients (Dissanayake et al., 2007, Williams et al., 2004a,

Williams et al., 2004b, Gaillard et al., 201 la).

When comparing the two studies, a reduction in the maternal and fetal mortality rates over the
years could be observed. Ghulmiyyah and Sibai in 2012 report that the number of maternal
deaths have fallen progressively during recent years though pre-eclampsia remains the main
cause ofmaternal deaths. Pre-eclampsia continues to remain a life threatening condition to both

the pregnant woman and her unborn baby.
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As shown in table 3.9, in the current study there were 13 women with pre-eclampsia (23.6%)
being admitted to intensive care unit (P <0.001). 29 babies (52.7%) were admitted to neonatal
intensive care unit or prenatal baby units as most of them (n=26, 86.6%) were bom premature
(P < 0.001). In the study carried during 2001 to 2003, 69 out of 180 women (38.3%) with pre-
eclampsia had preterm delivery before 34 weeks and similarly 18 out of 55 (32.7%) preterm

deliveries before 34 weeks were recorded in the study during 2001-2003.

However, in both the studies mean birth weight of babies bom to women with pre-eclampsia
appeared to be the same. In the current study the mean birth weight of babies bom to early
onset pre-eclampsia was 1.27 and late on set pre-eclampsia remained at 2.4, similarly, in the
study carried out by Dissanayake et al the mean birth weight of babies bom to women with
early onset pre-eclampsia was 1.13 and 2.3 for late onset pre-eclampsia. As illustrated in the
Table 3.9, 27 (49%) of women with pre-eclampsia in the study carried out in 2010-2011
delivered babies with a birth weight below 2kg and one of them delivered a baby with a birth
weight 0f480g. This emphasises the position that a significant rate of complications associated

with pre-eclampsia continues to prevail.

Even though number of women undergoing preterm delivery has improved over the years, it
yetremains a matter of concern which requires serious attention. In contrast to the women with
pre eclampsia, all normotensive women in both the studies were delivered at term and the
circumstances under which caesarean section was performed remains maternal requests, breech
position, transverse lie, head not engaged and unfavourable cervix. All babies bom to
normotensive pregnant women in both studies had a birth weight > 2kg and none of them

required intensive care treatment.
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As reported in the study conducted during 2001-2003, the neonatal intensive care unit (NICU)
at the Castle Street Hospital for Women had 15 functioning cots with incubators and four cots
with ventilators (Dissanayake et al., 2007). However after a 7-10 year period and at the time
the current study was undertaken only 13 functioning cots with incubators and four cots with
ventilators were available at this particular hospital. Limitations of facilities available at the
treatment hospitals could adversely affect the prenatal mortality rate. During instances where
the mother’s condition is deteriorating and an emergency caesarean section is required,

availability of cots and required facilities would be a deciding factor and remains a matter

between life and death.

In contrast to 45 out of 180 (25%) prenatal losses reported in 2001-2003, only 3 out 0f 55 (5%)
prenatal losses were recorded in the current study (Table 3.9). The reduction in both maternal
and fetal death rates may be due to the improvements in the medical sector in Sri Lanka, where
medical doctors and nursing staff has undergone comprehensive training and education on
early diagnosis ofpre-eclampsia. Proper management of pre-eclampsia provides an opportunity
to avoid pre-term delivery which caused pre-mature births and prenatal loses. Even though the
overall prenatal mortality was recorded to be 5% in the current study, all 3 deaths recorded
were from women with early onset pre-eclampsia. In other words pre-eclampsia was
responsible for 16.6% (3 of 18) prenatal deaths in women with early onset pre-eclampsia (P <
0.0001) (Table 3.7). The 5% prenatal death rate is similar to the PNMR in association with pre-
eclampsia in western countries (Zhang, 2003, Baldwin et al., 2001). A gradual decrease in
prenatal deaths from 25% in 2001 to 5% in 2011 could be observed (Dissanayake et al., 2007).
Notwithstanding the fact that conditions are improving compared to the past, a significant

number of fetal mortality and maternal morbidity continues to affect the society we live in.
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4.2 Molecular Genetic Techniques

4.2.1 Technigue used in phase 1 and phase 2

16S and 28S metagenomic tests are among the latest methods that are becoming increasingly
popular for the detection of infectious agents and for the phenotypic characterisation ofbacteria
and fungi (Amann et al., 2000, Eickbush and Eickbush, 2007). Amplification of 16S rRNA
gene allows the detection ofboth viable and dead cells. The method is exceptionally sensitive
and capable ofdetecting microorganisms which under normal conditions were culture negative
due to antibiotic treatment, giving them a distinctive advantage over traditional culture based

methods (Kemp et al., 2005, Jalava et al., 2001).

16S rRNA gene is 1542bp long (Janda and Abbott, 2007). However sequencing a 500-700bp
fragment is sufficient for bacterial identification. The 16S rRNA gene consists of nine variable
regions. A significant difference between the techniques used in phase 1and phase 2, is that in
phase lonly partial 16S rRNA gene was amplified, whereas in phase 2 whole 16S rRNA gene
was amplified. BSF 8/20 and BSR 534/18 primers (Cai et al., 2003) were used in phase 1 and
a 500bp fragment of the VI, V2, V3 regions of the 16S rRNA gene was amplified for the
identification of bacteria to species level. In phase 2, the whole genome of 16S rRNA gene was
amplified via the 16S BSF 8/20 and 16S BSR 1541/20 primers which amplified all 9 variable

regions (Whiteley et al., 2012).

The medical field took a new direction with the discovery of the structure of DNA by Watson
and Crick in 1953 (Watson and Crick, 1953). Subsequently, in 1977 Fredrick Sanger

introduced the DNA sequencing method using chain terminating inhibitors, which no doubt
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revolutionized the field of genetics (Sanger et al.,, 1977). What got underway in 1977 as
‘Genomics’ has today extended to ‘Metagenomics’, simplifying the identification of microbes

in their natural environment (W hiteley et al., 2012, Thomas et al., 2012, Simon and Daniel,

2011, Hlumina, 2012b).

In phase 1 of the present study, 16S metagenomics based on Sanger sequencing was used to
identify the bacteria present in the placental tissue samples. After amplification, the partial 16S
rRNA gene was sequenced by Sanger sequencing also known as capillary sequencing. 500bp
portion ofthe 16S rRNA gene was cloned and sequenced for the identification of bacteria from
a mixed population. In 2010, at the time the subject study commenced, 16S metagenomics

based on Sanger sequencing was an area not previously explored in Sri Lanka.

Metagenomic sequencing, until recent times was carried out using Sanger sequencing
(Petrosino et al., 2009). For a medically meaningful microbial identification, it is imperative to
identify bacteria up to genus or species level. However in certain instances, Sanger based
metagenomics fails to identify the less frequent organisms from a mixed population due to the

low coverage of capillary/ Sanger sequencing (Petrosino et al., 2009).

Next generation sequencing, a technique introduced just a few years back has overcome
l[imitations experienced in the past and has displayed a capability to generate a complete
classification ofthe total microbiome presentin aparticular sample (Mende et al.,, 2012, Kunin

et al.,, 2008, Petrosino et al., 2009). Accordingly, under phase 2 of the subject study 16S
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metagenomics was employed via next generation sequencing technology. The process

facilitated the identification of all bacteria that were present in the sample.

Two acknowledged approaches are available for the metagenomic next generation sequencing,
adapted for the identification of infectious agents. The first approach is the use of 16S
metagenomics where the 16S rRNA gene is amplified and sequenced. The second approach is
the 16S independent metagenomics, where the whole genome of bacteria is amplified and
sequenced (Petrosino et al., 2009, Whiteley et al., 2012). The second approach is the most
suitable for environmental samples whilst the first approach remains the best for biological

samples rich in human DNA with lower number of bacterial cells.
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4.3 Association of Infectious Agents with Pre-eclampsia

4.3.1 Infectious agents identified in phase 1

The subject study provides evidence of the presence of bacteria in the placental tissues of
women with pre-eclampsia signifying a logical relevance to the association ofinfectious agents
in the multifactorial aetiology of pre-eclampsia. All subjects recruited for the study were
primiparous and underwent elective caesarean section. All samples were collected soon after
delivery following stringent aseptic conditions. Such steps were taken to avoid every possible
microbial contamination and for the diminution of any errors. None of the women with pre-
eclampsia or the controls recruited for the study experienced labour or underwent labour

induction. Such circumstances eliminated the risk of bacterial contamination during labour.

As mentioned in section 3.2.7, at the end of phase 1 of the subject research project, from the
placental tissue samples obtained from 55 women with pre-eclampsia, 7(12.7%) women were
positive for the presence ofbacteria fP=0.006). 1(1.8%) was detected positive for the presence
of fungi and none (0%) were detected positive for the presence ofviruses. None (0%) of the
normotensive women samples were detected positive for the presence of bacteria, fungi or

viruses.

It is exciting to deliberate on the role of the infectious agents identified in the study on the
development of pre-eclampsia. The fungus strain identified was Malassezia restricta. It is a
commensal of normal skin flora and dandruff (Ashbee, 2007) and is a possible contaminant in-

spite of taking stringent aseptic conditions and this down plays its significance. Therefore at
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the end ofphase 1, it was concluded that fungi and viruses are not associated with the aetiology

of pre-eclampsia.

Based on information gathered in phase 1 ofthe study it is discerned, Bacillus sp. (57.1 %) was
the most abundant (present in sample P9, P23, P30 & P36) and Bacillus cereus was present in
1sample (14.2%) P9. It is a gram positive, spore forming rod shaped bacteria associated with
tissue destruction and reactive exoenzyme production. The protein enterotoxin produced by
Bacillus cereus causes diarrhoea and food poisoning (Bottone, 2010, Didelot et al., 2009).
Bacillus circulans was present in 1sample (14.2%) P30 and similar to Bacillus cereus is known
to cause diarrhoea and has a history ofurinary tract infection (Alebouyeh et al., 2011). Bacillus
circulans also displays certain similarities to Bacillus cereus and is also a gram positive, spore

forming rod belonging to the phylum fermicutes.

Klebsiella pneumonia belongs to the phylum proteobacterium and is a gram negative
bacterium, which is also reported to cause pneumonia. It was also reported that K. pneumonia
is responsible for early pregnancy loss and neonatal deaths. K. pneumonia was detected in
sample P26 and is believed to be responsible for premature rupture of membranes (Torabi et

al., 2008, Omwandho et al., 2006).

Stenotrophomonas was also identified in sample no P23. It is a gram negative bacterium
belonging to the phylum proteobacterium and is responsible for pneumonia and urinary tract
infection. Anoxybacillus flavithermus was detected in sample P30. Although generally

considered non-pathogenic, lately, ithas been discovered to be a contaminant of dairy products
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and to be responsible for food spoilage (Burgess et al., 2010). The bacteria identified in 6
samples (85.7%) belonged to the phylum fermicutes and only 3 samples (42.8%) had bacteria
belonging to phylum proteobacterium. 4 women out of the 7 when inquired stated that they
experienced a mild cough during the pregnancy. However, surprisingly none of these women

detected positive neither complained ofhaving any gastro-intestinal symptoms for infection.

4.3.2 Infectious agents identified in other biological samples

At the end of phase 1, there were positive indications of the presence of bacteria and fungi in
the placental tissue samples collected from women with pre-eclampsia. Accordingly the study
was further extended to cover the other biological samples (blood, urine and amniotic fluid)
collected at the same time placental tissues were obtained for the study. Only sample P9 was
positive for the presence of bacteria in the amniotic fluid samples and was found to be Bacllus
cereus. A noteworthy fact of this result was the observation that the placental tissue sample
obtained from the same patient carried Bacllus cereus. This signifies the possibility of bacteria

{Bacllus cereus) which was present in the placental tissue sample entering the amniotic cavity.

Even though 7 placental tissue samples were positive for the presence of bacteria, only in one
patient the bacteria was found to have invaded the amniotic fluid. Similarly, a study carried out
in the USA for the detection of microbial invasion of the amniotic cavity (MIAC) in women
with preeclampsia found that the prevalence of MIAC in preeclampsia is low and suggests that
intra-amniotic infection plays only a limited role in preeclampsia (DiGiulio et al., 2010).
Although there were preliminery evidence for the placental bacteria to be associated with pre-
eclampsia (P=0.006), the presence of bacteria in the amniotic fluid were not significant in

women with pre-eclampsia (P= 0.332) (Table 3.13).
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3 Dblood samples (P7, P8, P10 ) were positive for the presence of bacteria (Table 3.11).
Reyranella massiliensis was detected both in samples P7 & P8. Reyranela was recently found
to be a bacterium isolated in freshwater and is thought to be non pathogenic (Pagnier et al.,
2012). Ralstonia picketti detected in sample P10 is a part of the commensal flora of the oral
cavity and upper respiratory tract. Infection in healthy individuals is extremely rare but could
act as an infectious agent in immunocompromised patients (Stelzmueller et al., 2006). Further,
Dungan Roberts in 2011, reports that Ralstonia picketti causes life threatening infections in
immunocompromised patients (Dungan, 2012). The baby bom to the woman detected with
Ralstoniapicketti died after a few days of birth due to prematurity and failure of lungs indicates

a possible association infection with Ralstonia picketti.

Bacteria were also detected in urine samples of 8 (14.5%) women with pre-eclampsia and 9
(16%) normotensive pregnant women. Lactobacillus gasseri, Lactobacilus crispatus and
Veillonella montpellieresis was found in the urine samples of women with pre-eclampsia and
Prevotella bivia, Atopobium vaginae and Streptococcus agalactiae were discovered in urine
samples of normotensive pregnant women. All these bacteria discovered in urine were normal
flora present in female vagina and are non pathogenic. The presence of bacteria in the urine
samples of women with pre-eclampsia were also statistically non significant (P=0.960). The
phase 1 of the study provided preliminary evidence of the presence of placental bacteria in

association with pre-eclampsia and the association was statistically significant (P= 0.006).
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4.3.3 Infectious agents identified in phase 2

As mentioned in the previous section, at the end of phase 1, there was preliminary evidence of
a significant association of placental bacteria with pre-eclampsia. However, using Sanger
sequencing, it was not possible to get a complete classification of the total microbiome present
in the sample. Also, in sample P34 bacteria could not be identified even up to genus level.
Accordingly in phase 2 of the study the whole 16S ribosomal RNA was amplified and was
sequenced on an Illumina MiSeq next generation sequencing platform. As shown in section
3.3.2, the results obtained in phase 2 were very similar to phase 1but more specific. Similar to
phase 1, Bacillus cereus was detected in samples P9, P23, P30 & P36 in phase 2 as well. As
already stated Bacillus cereus was found to be associated with diarrhoea, food poisoning,
pneumonia and lung infections (Didelot et al., 2009, Bottone, 2010). Samples P9, P23 was
identified with trace amounts of Staphylococcus and samples P9, P30, P54 had Listeria. Both
Listeria and Staphylococcus are believed to cause food borne infections (Argudin et al., 2010,

Hennekinne et al., 2010, Arakawa et al,, 2008).

Sample P26 was detected with Escherichia, Shigella, Salmonella which are bacteria known to
cause food poisoning (Edwards, 1999, Saito et al., 2005). In addition, Nocardiopsis and trace
amounts of Klebsiella pneumonia which cause respiratory infections (Ko et al., 2002) were
also detected in sample P26. However, the baby bom to this patient (P26) died as a result of
prematurity and non-development of lungs. In addition evidence does exist to suggest an
association of Staphylococcus and Klebsiella species in periodontitis (Fritschi et al., 2008,
Kumar et al., 2005, Baehni and Guggenheim, 1996, Consuegra et al., 2011). Poor oral hygiene
and periodontal disease may promote oropharyngeal colonization of potential respiratory

bacteria such as Klebsiellapneumoniae (Scannapieco and Mylotte, 1996).
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The samples P9, P23 and P30 was detected with Anaerobacillus a bacteria believed to cause
periodontal diseases (Loesche, 1991, Booth et al., 2004, Lovegrove, 2004) and in sample P54,
Dialister was discovered, a bacteria recently discovered and known to cause periodontitis
(Contreras et al., 2000, Doan et al., 2000). Literature points out that poor oral sanitation results
in periodontitis and allows the colonization of respiratory bacteria increasing the risk of

developing pneumonia and associated lung infections (Scannapieco and Mylotte, 1996).

Although infectious agents responsible for gastroenteritis, respiratory and periodontal
infections were discovered from the group of women with pre-eclampsia, it is compelling to
note that none of these women complained of diarrhoea or any other major ailment. However,
4 out of the 7 women complained of a mild cough during pregnancy. A possible cause could
be that in spite of the fact that bacteria like Bacillus cereus, Salmonella, Klebsiella were
present, to develop symptoms a significant number of bacterial cells are involved. Many of
these infections caused by foodbome bacteria may be asymptomatic. More often acute

gastroenteritis is mild and may go unnoticed.

Gastroenteritis in humans may vary depending on the serotype, the strain and the dose of
bacterial cells. For an example, an oral dose of at least 105Salmonella typhi cells are required
to cause typhoid and 109Salmonella cells to cause symptoms oftoxic infections (Todar, 2008).
Accordingly, it could be argued that most of the Salmonella infections are asymptomatic and
may go unnoticed (Jertbom et al., 1990). This may explain the reason seven women detected
positive for the presence of infectious agents never complained of an infection during their

pregnancy.
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Staphylococcal enterotoxemia caused by Staphylococcus aureus is reported to be related to
pre-eclampsia (BGI, 2014). A study carried out in 2010 in Canada reports that Salmonella has
the ability to localize into deeper layers of the placental tissue. The nature of inflammation
triggered by the infectious agents strongly affects the abnormal placentation and host survival
(Chattopadhyay et al., 2010). Chattopadhyay further states that Salmonella species causes
trans-placental fetal infections which may lead to pregnancy complications such as preterm

labour and preeclampsia.

In a study carried out in India an increased incidences of pre-eclamptic toxaemia (PET) [RR
3.79, 95% CI 1.80-7.97] was detected in women with asymptomatic bacteriuria. Escherichia
coli, Staphylococcus aureus and Klebsiella sp. were among the organisms identified and the
study concluded ifurinary tract infection was detected in late pregnancy it might lead to various
maternal and neonatal complications like pre-eclampsia, pre-term labour, premature rupture of

membrane, intra uterine growth restriction and low birth weight (Jain et al., 2013).

The current study discovered traces ofperiodontal bacteria in samples with screening no’s P23,
P26, P30, P36, and P54. As indicated Anaerobacillus, Variovorax paradoxus, Prevotella
shahii, Porphyromonas endodontalis and Dialister were among the periodontal bacteria

discovered from the placental tissue samples in the 7 women with pre-eclampsia.

Many recent studies suggest a positive association of periodontitis and pregnancy
complications. Contreras reported that chronic periodontal disease and the presence of

Porphyromonas gingivalis, Tannerellaforsythensis, and Eikenella corrodens had a significant
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association in women with pre-eclampsia (Contreras, 2006). Porphyromonas species was also
identified in sample no 54 ofthe current study and all 7 samples of women with pre-eclampsia
were positive for periodontal bacteria. The discovery demonstrates that in spite of the fact that
the presence was in trace amounts, periodontal bacteria may play arole in the disease aetiology
ofpre-eclampsia (Jamieson et al., 2009, Sakamoto et ah, 2004, Lombardo Bedran et al., 2012,
Ghayoumi et al., 2002). Contreras argues that oral bacteria may enter the maternal and fetal
blood circulation that would trigger placental inflammation which eventually causes abnormal
placentation and the clinical manifestations of preeclampsia (Contreras, 2006). It is further
emphasised that periodontal disease in pre-eclampsia exerts a vascular stress to the mother,
placenta, and foetus. Periodontal disease may increase the endotoxin, inflammatory cytokines
and oxidative stressors at maternal and fetal interface in pregnant women (Contreras, 2006).
Such conditions would unequivocally lead to pregnancy complications such as pre-eclampsia.
Some of the recent case control studies point out the association of periodontal bacteria in the
aetiology of pre-eclampsia. Two studies independently carried out in Korea and Netherlands
have discovered periodontal bacteria to be associated with severe pre-eclampsia (Ha et al.,
2011, Kunnen et al., 2007). These studies indicate a possible link of periodontal bacteria with

pre-eclampsia.

Two hypotheses have been described in explaining the disease mechanism pertaining to
periodontitis and pre-eclampsia. The first hypothesis suggests that periodontal disease affects
the maternal and fetal immune responses systemically. The second that oral bacteria may enter
maternal blood circulation and could directly enter the placental bed, causing localized
inflammation and adverse pregnancy outcome in the presence or absence of clinical
periodontitis. The study further emphasises that even the commensal species of oral cavity

could be associated with pre-eclampsia upon oral-uterine transmission (Han, 2011).
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Figure 4.1 Possible pathways associating periodontal disease & pregnancy complications
Foetal exposure to periodontal pathogens may increase inflammatory response in the placenta
leading to abnormal placentation causing preeclampsia (Madianos et al., 2013)

Figure 4.1, illustrates a possible biological pathway associating periodontal disease and
pregnancy complications. Madianos et al suggests that foetal exposure to periodontal bacteria
and/or their by-products (toxins) will result in increased inflammatory response in the placenta,
which leads to tissue damage and abnormal placentation. This impairs the nutrition
transportation to the placenta and to the foetus. Also the increased inflammatory factors could

result in increasing maternal blood pressure causing pre-eclampsia (Madianos et al., 2013).

The literature available suggests that periodontal bacteria play a significant role in the
multifactorial aetiology ofpre-eclampsia (Madianos etal., 2013, Boggess etal., 2003, Canakei,
2004, Canakei et al., 2004, Canakei et al., 2007, Contreras, 2006, Contreras et al., 2000,

Kunnen et al., 2007, Kunnen et al., 2010). Many studies including the study discussed in this
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thesis reported that commensal species of oral cavity and periodontitis bacteria could increase

therisk ofpre-eclampsia due to oral-uterine transmission (Han, 2011, Contreras, 2006, Canakci

etal., 2007).

Apart from the current study, the study carried out by Barak et al remains the only other study
carried out on placental tissue samples ofwomen with pre-eclampsia and normotensive women
which tested for the presence of bacteria. Barak et al found periodontal bacteria such as
Porphyromonas sp. & Prevotella sp, suggesting a possible contribution of periopathogenic
bacteria to the disease aetiology of pre-eclampsia (Barak et al., 2007). Similar to the findings

of Barak, the current study also discovered trace amounts of Porphyromonas sp. & Prevotella

sp. in women with pre-eclampsia.

Along with the infectious agents causing periodontitis, infectious agents responsible for
respiratory and food borne infections were also discovered in the current study. Accordingly
and after scrutinizing literature and other study findings, a hypothesis could be arrived at that
the presence of bacteria and bacterial endotoxins in the systemic circulation may induce pro-
inflammatory cytokine production (Scannapieco, 2004). The activation of inflammatory cells
may result in endothelial dysfunction (Faas and Schuiling, 2001, Redman and Sargent, 2005,
Roberts and Gammill, 2005, Kunnen et al., 2010). Past research reveals an increased
inflammatory responses during pre-eclampsia compared to normal pregnancy (Kunnen et al.,
2010). It is believed that alterations in inflammatory responses and endothelial dysfunction

results in the underlying aetiology of pre-eclampsia (Kunnen et al., 2010, Sargent et al., 2006).
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434 Antibiotic treatment

Untreated infections pose a great risk to both the mother and her unborn baby. Treatment at an
early stage may prevent the adverse pregnancy sequels. Even so, many pregnant women fear
taking antibiotics due to possible harmful effect some antibiotics have on the foetus. With the
advancement in the field of pharmaceuticals many non-teratogenic antibiotics have been

introduced that are safe for the foetus, taken under proper medical guidance and advice

(Mylonas, 2011).

The oldest and the safest antibiotic known so far is penicillin. It lyses the bacterial cell wall
and cross the placental barrier. At therapeutic doses, penicillin is nontoxic to humans and poses
no teratogenic effect (Mylonas, 2011). (lactam antibiotics such as penicillin &

cephalosporines inhibit all strains of Bacillus. However Klebsiella pneumoniae varies in

susceptibility.

Amoxicillin is used against Anaerobacillus and Listeria whilst for the treatment of Shigella
ampicillin is used (Bhattacharya and Sur, 2003). Penicillin, amoxicillin and cephalosporin are
harmless to the unborn child if the correct dose is administered (Mylonas, 2011). Penicillin,
Ampicillin, Amoxicillin are recommended for periodontal bacteria like porphyromonas sp. &
Prevotella sp. In severe cases a combination ofamoxicillin and metronidazole is recommended

(Kapoor et al., 2012). Further, Amoxicillin is also recommended for the treatment of Dialister

sp. (Morio et al., 2007).
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Accordingly, (3-lactam antibiotics such as penicillin & cephalosporin’s can be considered the
best choice of antibiotics in treating infections in women with pre-eclampsia. Early detection
and treatment of an infection may prevent the adverse pregnancy complications faced by
women with pre-eclampsia. A randomized trial is required to justify antibiotic treatment as a
preventive strategy in clinical management of pregnancy related complications (Todros et al.,
2006). It is important to carry out research on this aspect and test antibiotics on animal models

to observe the effect of antibiotics on the disease progression of pre-eclampsia.
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4.3.5 Improved sanitation/personal hygiene and the reduction of pre-eclampsia

Bacteria causing gastroenteritis, respiratory infections and periodontitis were among the
bacteria discovered from placental tissue samples. In the current study this supports the role of
bacteria in the multifactorial aetiology of preeclampsia to a greater degree. Accordingly poor
oral sanitation increases the occurrence of periodontitis, a local chronic bacterial infection in
the oral cavity. This may contribute to endothelial dysfunction increasing the risk of
preeclampsia (Cousens et al., 2011). Adding to the disease burden Scannapieco and Mylotte
also reports that poor oral hygiene allows the colonization of respiratory pathogens
(Scannapieco and Mylotte, 1996). This brings out the need for educating the pregnant women
on good personal hygiene practices and the importance of maintaining cleanliness at all times.
A cross sectional study that was carried out on 1350 subjects revealed that there was a

significant reduction in periodontitis with improved socioeconomic levels (Heine et al., 2003).

Literature suggests that preeclampsia is a disease common to developing countries and
countries with low socioeconomic level (Osungbade and Ige, 2011). This indicates that factors
such as socioeconomic status, psychosocial factor and life style may also have an effect on the
development of preeclampsia. Socio economic condition and female education are few

essential factors governing women'’s health (de Groot et al., 2005).

A study carried out by Silva et al using 3547 pregnant women found that women with low
educational levels were more likely to develop preeclampsia (odds ratio 5.12; 95% CI
2.20,11.93) than women with good educational level (Silva et al., 2008). This study strongly
pointed out that low maternal socioeconomic status is a strong risk factor for preeclampsia

(Silva et al., 2008). Similarly, a study carried out by Lindquist et al found that compared to the
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women with higher professional socioeconomic level, unemployed women were at a higher
risk of severe maternal morbidity (Lindquist et al., 2013). It is reported that socioeconomic
status is associated with health problems such as low birth weight and hypertension (Zhang et
al., 2003). Low socio economic status is associated with poor personal hygienic levels, poor
environmental conditions and is responsible for the burden of morbidity and mortality

associated with the rapid spread of infections (Seneviratne and Rajapaksa, 2000, Zhang et al.,

2003).

Unsafe water, contaminated food and poor personal sanitation practices of food handlers may
critically contribute to the transmission of infectious agents causing gastroenteritis and other
serious repercussions (Morris, 2013). Sanitation is a cornerstone of public health (NHBPEP,
2000). Improvements to water quality, clean environments, healthy food and introduction of
clean toilets may in turn lead to arapid decline in transmitting diseases by reduced exposure to
infectious agents. Accordingly, simple remedies such as washing hands with a proper sanitizer,
maintaining good oral and body health may be able to decrease the incidence of preeclampsia

to a greater extend.

Prevention is better than cure; as this famous idiom points out, to prevent and to lower the risk
of preeclampsia we recommend that maternal hygiene and personal sanitation practices are

improved and maintained at all times.
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44 Limitations and future directions

One limitation of this study is the time at which the placental tissue samples were collected.
Even though pre-eclampsia is a condition which has its origin in defective placentation in early
pregnancy, the placental tissue samples were obtained at the time of delivery a few months
later due to ethical and technical reasons. The criteria therefore create the possibility of other
bacteria being cleared from the placental bed with the time duration. It is a known fact that
certain bacteria have a tendency to pass out over a time lapse and what we report may be an
underestimation. This could be another reason for detecting only trace amounts of certain
bacteria. However, there is no other means of collecting placental tissue samples other than at

the time of delivery.

The study provides evidence of the presence of infectious agents/ bacteria in association with
pre-eclampsia. Under such circumstances a possibility exists for the non teratogenic antibiotics
toreduce the risk ofdeveloping pre-eclampsia. Due to the detrimental effect certain antibiotics
causes to the foetus it is not possible to test it directly on pregnant women. Consequently it is
possible to test the influence of different antibiotics on pre-eclampsia using an animal model.
Mouse is an excellent model for such experiments as it shares many similarities to the human
genome. Also clinical manifestations associated with pre-eclampsia or any other disease could

be artificially developed in a mouse.
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5> CONCLUSIONS

Pre-eclampsia is associated with severe maternal and fetal morbidity and mortality. Good
antenatal care, early diagnosis, appropriate patient management with timely delivery of the
baby may reduce the undesirable conditions associated with pre-eclampsia. With high maternal
and fetal morbidity and mortality associated with pre-eclampsia, it is necessary to find markers

for early detection and encourage research of new therapies.

The main focus of this research project was to comparatively study the viruses, bacteria and
fungi present in the placental tissues of women with pre-eclampsia and normotensive women
using molecular genetic techniques. To our knowledge, this is the first study to use the latest
next generation sequencing technology to detect and identify infectious agents present in

placental tissues of women with pre-eclampsia. The study was implemented in two phases.

Phase 1employed 16S, 28S and viral metagenomics using Sanger sequencing to detect and
identify bacteria, fungi & viruses present in the biological samples of women with pre-
eclampsia and normotensive pregnant women. At the end of phase 1, seven (12.7%) women
with pre-eclampsia were detected positive forthe presence ofbacteria. One (1.8%) was positive
for fungi and none (0%) were positive for viruses from the placental tissue samples obtained
from 55 women with pre-eclampsia. None (0%) of the normotensive women samples were
positive for bacteria, fungi or viruses. Detection ofbacteria in the placental tissue samples were
statistically significant (P=0.006). Accordingly, phase 1 of this study concluded by providing

statistically significant association ofbacteria in placental tissue ofwomen with pre-eclampsia.
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In phase 2 of the study 16S metagenomics was performed under next generation sequencing
for the detection and identification of bacteria. Consequently the whole 16S ribosomal RNA
gene (1500bp) was amplified and was sequenced on an Illumina MiSeq personal genome
sequencer. This study stands as the first ofits kind in Sri Lanka to employ 16S metagenomics
next generation sequencing for the detection and identification ofbacteria. At the end of phase
2, in detail classification of the complete microbiome present in the 7 positive samples of
women with pre-eclampsia was obtained along with the percentages of each bacterium that was

present. Based on results achieved, bacteria responsible for gastroenteritis, respiratory and

periodontal infection were identified.

It is hypothesized that the presence of bacteria and bacterial endotoxins in the systemic
circulation may induce pro-inflammatory cytokines and activation of inflammatory cells. The
condition would further triggers the up-regulation of sFLTI (soluble forms like tyrosine kinase
1), directly influencing the reduction of placental growth factor (PIGF) and vascular
endothelial growth factor (VEGF) resulting in an anti angiogenic state causing placental
hypoxia, which ultimately would lead to endothelial dysfunction and abnormal placentation

that will impair the transportation of nutrition and oxygen, causing an increase in maternal

blood pressure leading to pre-eclampsia.

In conclusion, this study confirms the presence of bacteria in the placental tissues of a subset
of women with pre-eclampsia and support the role of bacteria in the multi factorial aetiology

of pre-eclampsia.
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TAGCGGCQGACGGGTGAGTAACACGTGGGCAACCTGCCCGTAAGACCGGGATAACTTCGGQAAACCOGAQ< JAATACCGC;a
TAACACCGAAGACCGCATGGTCI | IGGTTGAAAGGCGGCTTTGGCTGTCACTTACGGATGGCK CCOCCKK (K'A 1 lAGCTAGI

rOGTOAGGTAACGGCTCACCAAGGCGACGATGCGTAGCCGACCTGAGAGGOTGATCOGCCACACTGGGACTGAGACAOOOC!
COAAGA

AGGTCTTCGGATTGTAAAGCTCTGTTGTTAGGGAAGAACAAGTACCGTTCGAAGAGGGCGGIACCGTGACOCII AOCTAAL CIA
GAAAGCCACGGCTaact ACGTG

BLAST report of sample 23a

23

IUD MQMFIIXFQIR (E*P«r** on 04-10 13:3« pm)

Qmvv ID M| 11158’
Non*

WoNcwU typo nud#< »od Program (LAST* J J 3P* P

OttMr r«portl rraionomy rapottsl FDistanc* tIM of r—

254



I _ blastncbi.nlm-nih.gov

a gone nc,2*7*070 1$S nagsanalBU* M «« cam«
F2-311SS nocso-na* Rtr* aene, calal ssaitnss

a”..,assCAiaa.n.to, 16Sf> 1N m-MI SMUSPCT f i lll SSE*U

a.*.... SSCA2Qa.n. lo. 16StIWk carnal staasncf, 5F3.n 35Ch2fl

mPrieSnDosomaiRWasn» carnal seauenct
+ 22a? its nsosomal RN*
aof>« 20081 IsS nsasomal Rtth
12CP-20 issncasamarRMAoene.
acions 18G-255 16S noasamar R»e
aclana Ir.H-22 16 S nsasamai Rfi- geos, 1
Irn”~m m tia Bagman,crane WH Ii h; nii3t"i'Rit«{inttimiinm a
macne 13H-13 ins naosomal RMA gene carnal seauence
nclone iaH-10 issne«<samaiRu>wn». carpalseauence
l_@ . Dagenu-: dene ISH-3 leS nOesen>3! Rite sent. BMHI StaiwCt
i.u,a..mi».gcacraeDaaenu-i done HrHc <83 nlvso”al Rfl* aent.|
nartenundone i<H-2 IsS naaso-ial E

UrnarnimaiaaM ajcltnu”. don. 1-IH 1 1iS»M »h | | Ht]» a

biastnchi.nlm.nih.gov
GenBank Graphics

Bacillus sp partial 16S rRNA gene isolate ISR04
Womnct *c =mb<Y14144 1 Length: 804 Number of Metche*- 1

Rang* 1:93 to 321 Goeiflan* G>»a" -i

L3 Idantltwi Cop*

726 b«s(393) 418/430(97%) 1/430(0%) Plus/Plus

joery 1 TksCczsCxAzzUZ ;A3TAArAC3TS23tAArrr3-rrC3ZAA3AI:rSCCATAACTTCSS 60
1111111111112111111111111111111111111111111111111111111111111
Sbjct 983  TAGCGGCSGACGGGT3A3IAACAC3T&33CAACCT3CCC3TAAAACC33<3IITAACTTCGG 152
3u*n*  «i 120
. FEEMGETrr i

Sljct 1S3 212
Socry 121 180
Sfejct 213 272
Suery 181 240
Sfcjet 273 332
iutry 241 300
Shjct 333 392
20*ry 301 340
3bjct 393 451
Qoazj 341 420
Sfejct 452
20*ry 421 TAACTAC3T3

. 1110111 111
ftjn 512 TAACIA33T3

255
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721
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100%
100%
100%
100%
100%
100%
100%
100%
100%
100%
100%
100%
100%
100%
100%
100%
100%
100%

00
00
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00
00
00
00
00
00
00
00
00
00
00
00
00
00
00

97%
97%
97%
97%
97%
97%
97%
97%
97%
97%
97%
97%
97%
97%
97%
97%
97%
97%

HM813014.1
4YQ96166.1
6210933 1
4B210932.1
Y14144.1

KE19353U
KESfI3fl7_2.i
KC918294 1

KC91773S 1
KC9177Q9.1
KC917703.1
KC9177Q2.1
KC917699 1
KC917697..1
&C217634J-
KC917593.1
KC9176921

v Next A Previous A Descriptions

Related Information



Placental tissue- P23 (b)

Fasta seq

CGCGGCTGCTGGCACGAAGTTAGCCGGTGCTTATTCTTIGGGTACCGTCATCCCCGCCGGGTATTAGCCAGCAGGATTTCTTC
CCCAACAAAAGGGCTTTACAACCCGAAGGCCTTCTTCACCCACGCGGCATGGCTGGATCAGGCTTTCGCCCATTGTCCAATAT
TCCCCACTGCTGCCTCCCGTAGGAGTCTGGGCCGTGTCTCAGTCCCAGTGTGGCTGATCATCCT

BLAST report of sample 23 b

blastncbi.nlm.nih.gov
Placental tissue 23

bid MgSft2H3NQ I.R (Expires on 04-10 13:47 pm)

Query ID td] 115743 Database Name nr
Description  None Description Nucleotide collection (nt)

Molecule type nucleic acid Program BLASTN 2.2.29+ > Citation
Query Length 230

Other reports: t>Search SvPJm ™ .JjV jnQiry reports! [Distance tree of results!

6 Graphic Summary

Distributicnof 100 BlastHitson theQuery Sequence wi
Mouse-over to show deflme and scores chck to show alignments

Color key for alignment scores
2 3B KEEXHEIOH B EIRESEZM

e

i | i
ab 80 120 160 200
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I i lii rbi.nlm-nih.gov S - . -.

[ I ] - - ™
Psgttdoxanthomonas tatwanensrs cartel 16S iH tIA aane strain !
Stenotrocnomonas sc L-0)-PM.V-3i 3 carnal i6SrRNAaene.s»arn.L-8t-PMW-31.3

xanBromonadales oaclena-n mermas-isai 16Snw w n# RNftJgnAt.allal asaaence

« o @ O

uncrrBurea aagemrm done n5>aS6102cl 13S nw stmgl Rnigcnrj.xarealieggence

o

uncunureo caaenum dona n5.255nt)6ci i$5 nHaaatn# 3na qeS. canal sMMenca

UncuBured oaaenum gone ncrESSs 10cl 16S nsosomal RN,n pane. Earjral.s<cMience

O

QD

O uncuflurea compost oaaanum partral iss rRMA asne. clone PS3W3

unarBured comoosi gaaenum cartral 16S rRMAgem . qon_e_PSM !2

unouBMea aaaenum dona new9SZ5Q9ci iss nsosomai Run gene, canal sMuence
Pseudaxanthomonas laiwanansis iss naosomai R m aene. canjaLSBauancs
unaiBureacamma crat«asao«.tra gene tot i SSi Rna.caraa snamntcfliffig-CPM-IS

UnaiBureaPseuaaxantnamcnas sc pane upc-fres i?3 naaeaniai Bf<*.aene,c.aflial5eaiience

0 © o o o o

Pseuaaxamnamanas taiwanensis carta' 16S rRNAaane, strain S22-48

t'j Pseudoxanthomonas taiwanensis partial 15S rRfiAaene. strgm

o

Pseudoxanthomonas sp nfc? £ u ies rIBosomai_RNA geii*BafSai 59.Qg.ence
U Pseudoxanthomonas sp nfc?-* .55 noosomaiR m gene. caffra» sequence
LJ Pseudoxanthomonas so Ca7-1JQ3 1SS noosomal RNA gene, partial seaufiPCfl

O Pseudoxanthomonas sc i$s nsosomal rna gene, partial sequence

joi blast.ncbi.nlm.nih.gov .

Pseudoxanthomonas tatwanensis partial 16S rRNA gene strain L-bf-PMW-31 1
Sequence ID: embIFR774578 11 Length: 954 Number of Matches: 1

Range Is 233 to 462 S«nB»nn- Graphics
Score Expect Identities Caps Strand
425 bits(230) 7e-H6 230/230(100%) 0/230(0%) Plus/Minus

Query 1 CSCGSCTSCTS 3CAC3AA3TTAI3CC33T3CTTATTCTTTG33TACCSTCATCCCCGCCG3 60
LELELEEEE et b pit peve e e e e e 111l
Sfcjct 462 C3C&3CTGCT3<X"C<HL&GTTA3CCGGT3CTTXTTCTTTG3GTACCSTCATCCCCGCCGG 403

Query 61  STATTAGCCA3CA3GAII IC 11 CCCCAACAAAA33GCTTTACAACCC3AASGCCTICTIC  12Q
. IETEEL e e e e Cee e P b e a1 il
Sfcjct 402 CTATTA3CCA3CA3GAXTICTXCCCCAACAAAAGGGCTITACAACCC3AAGGCCTTCTTC 343

Query 121 ACCCAC3C3GCAIG3CTGGAXCAGGCTTTCGCCCACTGTCCAAXATTCCCCACXGCTGCC ISO
TR L P e L e e e e e 11111 11
Stojct 342 ACCCACGCGGCAISGCTGGATCASGCTTTCGCCCATIGTCCAATANCCCCACTGCTQCC 283

Query 181 ICCCSIASGAGTCTSGGCCSTGTCTCA3ICCOI6TGTSGCI3AICAXCCT 230
1211 1111l 111111 111111 11
Sbjct 282 TCCCSTASGA3TCT3GGCC3TGTCTCASTCCCAST3T3GCTGATCATCCT 233

mDownload v GenBank Graphics

Stenotrophomonas sp L-bf-PMW-31 3 partial 16S rRNA gene strain L-bf-PMW-31 3
Sequence ID: embIFR774575 11 Length: 954 Humber of Matches: 1

Range 1: 233 to 482 QenBank Graphics

Score Expect lden
425 bits(230) Te- 230/230(100%) 0/230(0%)

Query 1 CSCGGCTSCTGGCACSAASTTAGCCG3T©CTTATTCTTTGGGTACCSTCAICCCCSCCGG 60
m ile111 M 11i111111111
Shjct 462 C3C33CT3CTGGCACGAAGTXAGCCG3TGCTTATI'CTXTG3G IACCGTCATCCCCSCCGG 403

Query 61 STA'I_I'AGCCAGCASGATTTCTXCCCCAACAAAAG3GCTI'I'ACAACCC3AAGGCCI 1CTTC 120
Phbid et e ittt
Sfcjct 402 GTA'I_I'AGCCAGCAGGATI'I'C'I'I'C CCCAACAAAA3GGCTTTACAACCCGAAGGCCTTCTTC 343

Query 121 ACCCACGCGGCAI GGCT3GATCAGGCTT ICG2CCAXTGTCCAATATTCCCCACTOCTGCC 180
LIILEM ittt e e i
Sto-jct 342 ACCCACSC GSCATBGCT GGATCAGSCTTTC3CTCATTS IC CAATATTCCCGACT3CTSCC 233

Query 131 TCCC3TAG3AGTCT3G3CCGT3T CTCA3T CCCA3TSTG3CTSATCATCCT 230
L
Sfcjer 232 TCCC3TAG3ACTCTSGGCC3T3TCTCA3TCCCA3T3TGGCT3ATCATCCT 233

257

unamuraa gantemrm gone ns»n;:e< }-cl 16S nsoso-nal RM* pane partial saauencaxnHHM812745.iluncuBurea sactenumdon« na.2S3a06cl 16S ns;
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425
425
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425
425
425
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425
425

425
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425
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425
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100%
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100%
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100%
100%
100%
100%
100%
100%
100%
100%
100%
100%
100%

7e-116
7e-116
7e-116
7e-116
7e-116
7e-116
7e-116
7e-116
7e-116
7e-116
7e-116
7e-116
7e-116
7e-116
7e-116
7e-116
7e-116
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7e-116

100%
100%
100%
100%
100%
100%
100%
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100%
100%
100%
100%
100%
100%
100%
100%
100%
100%

Related Information

Related Information

FR77A578.1
FR77-*575.1
HQ43653Q 1
HU812882 1
HM812878.1
Huaiaxa.i
GQ04Q290 1
FNW7514.1

6Q04Q265 1
e<J43$9,75.)
ne451711.1
EU8623S0.1
74932275 1
AH932257 1
£W25ft§4Q]
EU25Q936 1
EU177791.1
EL»177799.1
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Placental Tissue- P26

<ML ICin G O T B G e pec o ek aImmmaigad axanedomtEmidisma s

2746,2657:231

Fasta seq

TATTACCGCGGCTGAAGCAAGTGGGGGAGGCACACGCTGAGCCAGGATCAAACTCTATTACCGCGGTTGCTGGCCACAGCAC
ACATCCAGCCTGAGCCAAAATCAAACTCTATTACCGCTGCTGCTGGCCCGAGTGCTGAGCCAGGATCAAACTCTATTACCGC
GGCTGCTGGCCACAGCACACATCCACCCTGAGCCAGGATCAAACTCTATTACCGCGGCTGCTGGCCCCATTCACCCCAATCA
CTAGTGCGGCCGCCTGCAGGTCGACCATATGGGAGAGCTCCCAACGCGTTGGATGCATAGCTTGAGTATTCTATAGTGTCAC
CTAAATAGCTTGGCGTAATCATGGTCATAGCTGTTTCCTGTGTGAAATTGTTATCCGCTCACAATTCCACACAACATACGAGC
CGGAAGCATAAAGTGTAAAAGCCTGGGGTGCCTAATGAGTGAGCTAACTCACATTAATTGCGTTTGCGCTCACTGCC

BLAST report of sample P26

Placental tissue 26

RIO (Expires on 04-10 13:53 pm)

Query ID 1d|234603 Database Name nr .
Description None Description Nudeotide collection (nt)

Molecule type nucleic add Program BLASTN 2.2.29+ > Ot3tion
Query Length 488

Other reports: i

Q Graphic Summary

Distributionof 104 BlastHte on theQuery Sequence y

Mouse-over to show deflme and scores click to show alignments

Color key for alignment scores
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blast.ncbi.nlm.nin.gov

Afletomonas so. 16S rRN* gene, isolate PRUST1. cartiai

Cloninc vector oScant li. nm rnit sequence

Paemsacrtlus polrmwa partial 16S rRMA oene. tree strain OSM 36T. 30.08-11

ClInis rgftculala miaosanxiite OH*, locus mCfaROIBH). 3H»QOleKHagxaMaZzZl

Uncultured soli ascom.cete partial 18S rRNA gene, done <20-111

Capsicum annuum cw Baioenas ciRna for lipoxygenase Go* gene;

Uncultured sort oasidiomicete partial 18S rRNA gene, done r90-95

UncuRureg sort ascom>cete partial 185 rRNA oene done r90-67

UncuRureg sort ascomvcete partial 18S rRNA oene. done r90-.11
LillfivnfS
UncuRureg gamma proteobadenum partial 16S rRNA gene, Clone ET3RK66

(Ji]*r9sOllile DNA locus P2B9

Cion.no vector cG-Saoie. complete sequence

uacuttMfgfINtfr.zsMiLS aafleoum p’rt?a* fgHA .ow. i»onfc S.C2.-RKZ

UncuRureg Bacterium partial 16 S rRMA aene done ATB-AR-23621

_w_,_rvm.an»r, . -

198
196
196
196

195
193
191
189
189
189
189

185
185
185
185
185

185
anr

198
196
196
196
195
195
193
191
189
189
189
189

185
185
185

185

185
-nr

46%
45%
44%
46%
46%
46%
46%
43%
46%
42%
42%
42%

42%
42%
42%
42%
42%

42%
-o.

2e-47
6e-47
6e-47
6e-47
2e-46
2e-46
8e-46
3e-45
le-44
le-44
le-44
le-44

le-43
le-43
le-43
le-43
le-43

le-43
a. a*

Klebsiella pneumoniae class | mtegron dihydrofolate reductase (dhfrXll) and streptomycin 3"-adenyiyltransferase <aadA2) genes complete cds and unknown gene
Sequence HCOWAF180731 1) Length: 2050 Number of Matches: 1

Range 1: 1942 to 2050 GenBank Graphics

Score

196 bits(106)

Query
Sfcjct
Query
Sfcjer

132
1942
192
2002

Expect ldentltics

6e-47 108/109(99%) 0/109(0%) Plus/Plus

TAAICACXA3XGCGGCCSC~ T3CA3GTC5ACCATAT3G3A 3A3CXC3.AAC3C3TIGGAI
TR USSR angY L e re sl
XAAXCACTXGIGCGGCCSCCTGCA3GT 3ACCAIAX3 33AGAGCXCCCAACGCGTXGGAI

SCTTASCITXBASXAXXXTAIA3T5XCACCT AAAXA3CXX33CSXAATCA|~ 240
| Pidi 1111111
3CAIAGCTX3A3XAIXCXAIA3X3ICACCXAAAIAGCXXGGC3XAAXCA 2050

191
2001

259

Related Information

Gene - associated gene details

98%
98%
99%
98%
97%
97%
97%
99%
96%
99%
99%
99%

99%
99%
99%
99%
99%

99%
m>(k

Y15322 1
0Q483183.1

AB032363 1
HQ22427.4.1
AM4897331
AM489735 1
AJ515922.1

AJ51S939 1
AJ515932 1
AJ515925 1

HG380017 1
KCS37291 1
HF5-8466Q 1
FR744450 1
HE3Q2228.1

HE804882 1
eirenecen a



Placental tissue- P30

w 20 20 20 20 20 X0 X0 20 20 20 30 310 30 30 30 30 X0 30 Ky 30 40
(KI7LHOGLI<L-CO30TAO0TTGET0; J-CII3EE * ;a-CTGM. CTIKCG.J7C«C:.COC(K<CanXC7. A TTMTCMr>,:aCIC.ACAKC<Q, CCATCGTXCCXNt X« 7TQ-JTCG{C.. K-KNOM-CTCXXSCCCCCCXNCTCC -0a0G>00<; G AN A3C-nenCCOCANGC COC =

Fasta seq

GATCCTGGCTCAGGACGAACGCTGGCGGGAGCCAAATACATGCAAGTCGAGCGGACCGGATGGAAGCTTGCTTTCGTCCGGT
TAGCGGCGGACGGGTGAGTAACACGTGGGCAACCTGCCCGTAAGACCGGGATAACTTCGGGAAACCGGAGCTAATACCGGA
TAACACCGAAGACCGCATGGTCTTTGGTTGAAAGGCGGCTTTGGCTGTCACTTACGGATGGGCCCGCGGCGCATTAGCTAGT
TGGTGAGGTAACGGCTCACCAAGGCGACGATGCGTAGCCGACCTGAGAGGGTGATCGGCCACACTGGGACTGAGACACGGC
CCAGACTCCTACGGGAGGCAGCAGTAGGGAATCTTCCGCAATGGACGAAAGTCTGACGGAGCAACGCCGCGTGAGCGAAGA
AGGTCTTCGGATTGTAAAGCTCTGTTGTTAGGGAAGAACAAGTACCGTTCGAAGAGGGCGGTACCGTGACGGTACCTAACGA
GAAAGCCACGGCTAACTACGTGCCAGCAGCCGCGGTAATAATCACTAGTGCGGCCGCCTGCAGGTCGACCATATGGGAGAG

CTCCCAACGCGTTGGATGCATAGCTTGAGTATTCTATAGTGTC

BLAST report of sample P30

Placental tissue 30

RID M9TBCZKSO1R ".Expires on 04-10 14:13 pm)

Query ID 1d]45141 Database Name nr .
Description None Description Nudeotide collection <)

Molecule type nudeic acid Program 8LASTN 2.2.29+ n otation
Query Length 613
Other reports: i

QGraphic Summary

Distributionof118 BlastHitson the Query Sequence yt

Mouse-over to show defline and scores click to show alignments

Color Kay for allgnmont scoros
<40 40-50 50-80 80-200 >=200

1 100 200 300 400 500 600
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M{[lvtastncbuTIim A

O Baanusso SSCft20 gene 0. .hha cartal stawnn.swn Ssc*10

a Baollus so partial 16S rRNA gene, isolate ISRO*

Q Uncultured Sacmaceae oactenum gone 2247 16S noosomal RN6 gene. carta»..sgouencfi

3 viorroaallus so PS2 16S n&osornai RNA aene_oam3i seosieocg

O
13
Q
O Unpj%tM Bagiiacta? mtouv't a w -iss.nwsamai Rrt<iQcpe.Eamisgsusp.«
0 Uaaiffiasa®aonawaa tacttnun dona iw -i. i6S..;:<?«ama’ fiii* m tw ssauanM
|_blastncbi.nlm.nih.gov . ;-62/0,4
~Download GenBank Graphss

Bacillus sp SSCA18 gene for 16S rRNA partial sequence strain SSCA18
Sequence 10 dbilAB210934 1! Length: 528 Humber of Matches: 1

Range li 60 to 463 GenBanx GnaSi:?

736 bits(398) 0.0

Query
Sbhjcc
Query
Sfcject
Query
Shjct
Query
Sfcject
Query
Sfcjct
Query
Sfcjer
Query
Sfcjet

1
60
61
120
121
ISO
181
240
241
300
301
360

420

Expect Identities Strand

GTTAGCGGCSGACGGGT3AGTAACACGTGGGCAACCTGCCCGTAAGACCGGGATAACTTC
Lot ikl vrie ter peer treem o d it pnn il 1112111
GTTAG GGCGGACGGGTGAGTAACACGTGGGCAACCTGCCCGTAAGATCGGGATAACTTC

SCTTXS<3CTSTaiCTI*C3GaX&33CCCGCSGCSCAXTA3CTA3TT33T3A33TJUCGGC
SRRy

LIl il 111 | LRIy
GCTTTGGCTSTCACTTACSSA SI(JGCC(!JS!:!}L}IJGJA]JIL CTASTTGOTGASGTAACSGC
TCACCAAiGSGGACGAT3C 3T AGCCGACCTGAGAGGGTGATCGGCCACACTG GGACTGAGA

INiiiiMiu iieiiiiiiiii i ii 1111111111111111111111
CACGGCCCASACT CCTACGGGAOGCASCAGTAGGGAATCTTCCGCAAIGGACSAAAGTCT

m UiiiU~-~-— — .. -1ld; jj

AAGAACAAC-IAC CC-TTCGAAGAGGGCGGTACCGTGACGGTACCT 404
e e fee e e berrrrrnt |
AAGAACAAGTAC :GrXCi3AAXJIBGGCGGTACCGT3ACGGTACCT 463

402/404(99%) 0/404(0%) Plus/Pfus

119
120
179
ISO

240
299
300
359
360
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730
730
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736
736
736
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730
730
730
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v Next

00 99%
00 99%
00 99%
00 99%
00 99%
00 99%
00 99%
00 99%
00 99%
00 99%
00 99%
00 99%
00 99%
00 99%
00 99%
00 99%
A Previous

Related Information

AY096166.1

6821.Q9.3+L!
*6210923-1
AB21Q932.3

Y m t
KF503073 1

KF193S31 1
KC9182941
KCOMQQ4.1
KC917735.1
KC9.1.77Q9.1
KC917702 1
KEai7.697-1
KC9176941
KC917693 1
KC917692 1

£ Descriptions



Placental tissue- P30 (b)

U3 ieo I'D 130 190 20 210 220 20 20 20 2« V9 2B 20 300 310 320 330 30
1«CKCI<KXC.<GL*mKC<nGreTTrTCGT7X«T,CCOXXC<HAKC«.*TI*IttCn;cn<incnCA"”"

Fasta seq
GCTTCCTTTTGCCCCCACCCTTTTTACCGCGGCTGCTGGCCAACTACTCGGGAGGCCTTCCCAGGAACAAACTCTATTACCGC

GGCTGCTGGCGGAGCACATGCTGGTGTCAGGCCCTGAGCCAGGATCAAACTCTATTACCGCGGCTGCTGGCACGTAGTTAGC
CGTGGCTTTCTCGTTAGGTACCGTCACGGTAACGCCAGTTACTGCGTTACTTGTTCTTCCCTAACAACAGAGCTTTACGACCC
GAAGGCCTTTTCGCTCACGCGGCGTTGCTCCGTCAGACTTTCGTCCATTGCGGAAGATTCCCTACTGCTGCCTCCCGTAGGAG
TCTGGGCCGTGTCAGTGTGGCCGATCACCCTCTCAGGTCGGCTACGCATCATCGCCTTGGTGAGCCGTTACCTCACCAACTAG
CTAATGCGCCCGGGCCCATCTGTAAGTGATGGCAAAAGCCATCTTTCCTTATCTCTCCAGGCGGAAAGATAATCTATCCGGTA
TTAGCACCGGTCTCCCGGAGTTATCCCGGTCTTACAGGCAGGTTTACCCACGTGTTACTCACCCGTCCGCCGCTAAACAACAA
AAAAGCAAGCTTCTTTATTGGTTCGCTCGACTTGCCATGTATTAGGCACGCCGCCAGCCGTTCGTCCCTGAGCCCAGGGATTC

AAACTCTTAATCACCG

BLAST report of sample P30 b

Placental tissue 30

RID MOUGMIEFOIR (Expires on 04-10 14:29 pm)

Query ID  1cf 20545 Database Name nr _
Description None Description Nucleotide collection (nt)

Molecule type nucleic acid Program BLASTN2.2.29+ > Citation
Query Length 452

Q Graphic Summary

Distributionof 100 Blast Hitson the Query Sequence it*

Mouse-over to show deflme and scores click to show alignments

Color key for alignment scores
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P @ Ymino/Batag L

804 804 ©95% le-i6d OT%
604 95% le-169 97% GU1256431

BaoWus sc KM2 16S noosomfai Rna gere—cartial sequenee

604 604 95% le169 97% GU125919 1
604 604 95% 1e-169 97% Qflaaaaz.i-1
604 604 95% 1*169 97% FM958167.1
604 604 95% 1*169 97% E£U«?8§23.i

Baotfas mermoamylavorans strain IMAU802Q1 16S ncosomal Rn« aene. canal seauence

O

uncuKurM oadenum aona MC3F-8 16S ncosomal RW aene, carnal ssauenca
BaoUus so 55Lf 43T partial 16S rRNA gene strain £ SLf 43T
O Bacterium C-TJ16 16S noosomai rna oene. partial sequence

O

Baaiius so 60LG¥-1 gene for 16S rRNA. partial sequence 604 604 95% 1e-169 97% AB27Z52&L1
G Baaltus so 5QLA*-2 oene for 1QS rRNA. oartiai seauence 604 604 95% 1e-169 97% *63757531
O Baotius so. 37LAV-3 oene for 16S rRNA carta! sequence 604 604 95% 1e169 97% WZS745J
a 604 604 95% 1e-169 97% EU43QMOJ
uoaiitufta oaaemim gone CS2 236 16S licaaomalRN* asna. carnal saaMCOca 604 604 95% 1*169 97% EF222Q181
O 604 604 95% 1e169 97% EU1S2QMA
Q 95% H-169 97% EF702816.1
O gaoiias ina'aiaapniavafaas sane >f. 'e>?m v * 604 604 95% 1e-169 97% 3632333*3
= 604 604 95% 1e-169 97% Y141411
O Borcufans 16S rRNA oene. steam WSBC 20060 604 604 95% 1*169 97% Y13064.1
0 BaoHus tiermoamyiovotans partial 16S rRNA oene. strain 9-4A1A 601 601 95% 2e-168 96% FN397520.1
0 Bacillus so. N-11 oene for 16S nsosomai RMA partial seauence 601 601 95% 2e-168 96% *6818491,1

, e * £ biastncbi.nlm.nih.gov 8iast.cgi*37196916

MIDownload » GenBank Graphics v Next A Previous & Descriptions

Bacillus thermoamy ans gene for 16S rRNA

Sequence ID: dbilAB 12 1 Length: 1451 Number of Matches: 1 A
Related Information

Range li 15« to 51® GenBen< GraSH.cs
Expect Identities Strand
604 bits(327) le-169 351/363(97%) 0/363(0%) Plus/Minus

Query 19 TAITACCSmCMAC3IAGTI%CSMTCTCSIAG%GX%G(ST 78

Shjct 516 TAXTACC3C3GCT3CT33CAC3XA3TTASTCSX33CTTTCTCSTCA33TACC3TCAASST  45-

Query 79 AAC3C>STTJU"35IT éﬂjﬂﬁ@ GCC 138
Shjct 456 ACCGGCATTTCCTCCS\TACTTGTICTTCCCTAACAACA GCTTTAC\ATCC CC 397

Qury 138 rorresqepERSTCTHRTY AT T FT I L

Shjct 396 TTCTTCGCTCACGC3GCGTTGCTCCGTCAGACIITCG ICCATTGCGGAAGATTCCCTACT 337
Query 199 3CTGCCTCCC3TAGGA3TCT3G3CC3T3TCTCAAICCCASTSTGGCCaATCACCCTCTCA 25e
111 11111 1111
Shjct 336 3CXSCCTCCCGTAGGASTCTGGGCCGTGT XCA3XCCCAGXST3GCCGATCACCCXCTCA 277
Query 259 GSTCGGCTAC3CAICATCGOCXX33XGAGCO3XXACCXCACCAACTA3CTAATSC3CC3C 318
. h 10 i illiiiizIll>m moii;;ll iim m 111
Shjct 276 33XC3GCXAC3CAXCOXCOCCXXGGXSASCCGXXACCTCACCAACXASCXAAXSC3CC3C 217
Query 319 333CCTAXCXSTAA3X3AIG3CAAAA3CCAICXTICCXXATCXCXCCA330G3AAA3ATA 378
) VAL LT EE i e rrr e and
Shjct 216 GGGCCCAXCX3TAA3X3AXGGCAAAABCCAXCXXXCCXXAXCTCTCCAC&GCSGAAA:SAXA 157
Query 379 AIC 381
11

Sbjct 156 AIC 154

, blastncbi.nlm.nin.gov
StKt 1S5 XTT

BOov»nloaa ®» GenBd -~ Graphics v Next A Previous £ Descnpfions

Bacillus circulans isolate 13 16S ribosomal RNA gene partial sequence

Sequence «y. qQtX£U430989 11 Length: 1462 Number of Matches: 1 i
Related Information

Range It 133 to 403 Gen&anic Grach.ca

604 bits(327) 351/363(97%) 0/363(0%) Plus-Minus
Qury 19 TAACSOSGCTIT oA AT AT T e cacaor 7
......... 1 1 li
abjee 495 XAXXACC3C33CX3CXGSCAC3XACXXA3CCGX3GCXTTCXaSXCA3GXACC3XCAA3GX 436

Query p AAC30A3TACT33XACXX3XCXXCCCIAACAACA33TTTACSCCC3A3 C

soie BB see Brorctiel BB UL IFISE 36
e 35 VICTRMIUAITRTIEATS < TAMIANITT 55

Query 199 GCIGCCTCCC31A33A3TCXG3GCC3X31CXCAAXCCCAGI3X 33CCSAXCACCCXCXCA 258

. U LTI
Shjct 315 SCXGCCTCCC3XA3GA3XCX3G3CC3X3XCXCASXCCCA3TIX3GCCGATC CXCA 256
Query E 3C3TAC3ATCA|C3CXX333 3( CCXCACCAACXASCXAA| 33 \?ﬁ 36‘

_ MR i T T T
Shjct 255 33XCG3CTACGCA|C3TCGCCTTGGT3AGCC ACCXCACCAACXASCXAAI3CGCC3C 196

Query 319
) SINRINRTINRENILE! IIIIIIIIIIiIIiII|II||||||||III||II|I||
Shjct 195  G33CCCATCX3XAA3XSAT3GCAAAAGCCATCXXI CCXXATCX CXCCA33C33AAAZATA

Query 3B AXC

Shjct

263



Placental tissue- P30 (c)

K m

K 3 IK I» «e <10 cs «C «0 «C «e ioo iio SX SX B

c<cccdiccm<coxjocrecc<:c8Tcrric *:ci.4 tcT: <icco.-cjinc<non.>iccOTAiix<xcaAmncan<nT4TCCC4WCUUEOC<JC6n(cc{XOioniCK.4cc<OTcaccc<n4XC‘4K4.' *.4K.4.«crnct4Ticmcceccica;cT'tc-C4T<n4Ti.j<ICC4CO:cocc4CConcoT

Fasta seq

CGCGGCTGCTGGCACGTAGTTAGCCGTGGCTTTCTCGTTAGGTACCGTCACGGTAACGCCAGTTACTGCGTTACTTGTTCTTC
CCTAACAACAGAGCTTTACGACCCGAAGGCCTTCTTCGCTCACGCGGCGTTGCTCCGTCAGACTTTCGTCCATTGCGGAAGAT
TCCCTACTGCTGCCTCCCGTAGGAGTCTGGGCCGTGTCTCAGTCCCAGTGTGGCCGATCACCCTCTCAGGTCGGCTACGCATC
GTCGCCTTGGTGAGCCATTACCTCACCAACTAGCTAATGCGCCGCGGGCCCATCCTGTAGCGACAGCTTGCGCCGTCTTTCAA
CGAAACGTCATGCGACATTTCGTGTTATCCGGTATTAGCACCGATTTCTCGGTGTTATCCCCGTCTACAGGGCAGGTTGCCCA
CGTGTTACTCACCCGTCCGCCGCTAACGAATCAAAAGCAAGCTTTCGATTCGTCCGCTCGACTTGCATGTATTAGGCACGCCG
CCAGCGTTCGTCCTGAGCCAGGATCAAACTCTAATCACTAGTGCGGCCGCCTGCAGGTCGACCATATGGGAGAGCTCCCAAC

GCGTTGGATGCATAGCTTGAGTATTCTATAGTGTC

BLAST report of sample P30 ¢

Placental tissue 30

RID

Query ID
Description
Molecule type
Query Length

*Expires on 04-10 14:42 pm)
Id| 121939 Database Name nr ) .
None Description Nudeotide collection (nt)
gtljglelc acid Program BLASTN 2.2.29+ i>Citation

Other reports: >Search Summary Taxonomy reportsl [Distance tree of results!

3 GraeMc_8umma3_ri-

Distributionof 107 BlastHitson the Query Sequence

Mouse-over to show deflme and scores cl»cK to show alignments

Color key for alignment scores
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| *btestncbi.nlm.ruhgov i-; cr;>»S-*S793

GMnQaf™ I*auh*_*

AnoxyPacAus flavUttemius strain SR55-3 16S nbosomal RUA gane partial sequence
Tmm~rrMMIjtiftf279j66 t I»ngtli: 1513 [htmMr ol UMchtl: 1

968 tHH(R4) $28/530(99*b

CMtry
Itja

-jet
2ty
ftjct

SRy

&L
h)et
2u*ry

Ib)ct
Sfcjct
Qnar

f1)C (

B

0/330(0%)

Stk 3T A3 *3cc3T30CTTTCT«

eraonKI!TTO T:itcj*TTra:e3 nraa«utstanw)c:
tcccaribwi::i: >»:c3t3TrrcAJTc:cwiriMcc3arcacccTCTCMW Cx»

meecMcrtoKematoaeccmi*cAcCAACTMCTAWCxcec9Mccce
ctacocatcot:3::r:w »x:5nv:c T»g/l"inN;:?ui >éJCtQ>1(;l%21K.I)]f\/I (;:cn:
ucctstw :ii-urr:acoccsTcm caac3aaac3Tcatscsa” ttt” st:at
xrcr?3TV3:a >rqcc3TCTTTcax: a:Kaarttcatsttai
n"3t3nx::ic:Nic:ja)MCM *w:rxJ:iT
ccwTxnk3cx::3xrTTCTCMT3rTATccccaTCTacaflcaa«*tkeaoBW
iJkCTCJLXC3trc3c:>rrjkxc3AArcjua«cAX3CTrTC3arTC3T:r3CTcaACTT»
t*crcjw:c:3T::3¢ :>tTAA.:3AX::AANKACTTTC3arxc3?cc®CTC«ecm
camaTTJu>3ci*3ccr:.cAsc5ncoTccT3MccA3aaicuACtct

CAT3TA.TTX33A:

in

us

*tc
It

265

V N*«s A

4 D¥*<(l*'e*¢



Placental tissue- P34

Fasta seq

CATGCAAGTCGAGCGAGTCTGCCTTGAAGATCGGAGTGCTTGCACTCTGTGAAACAAGATACAGGCTAGCGGCGGACGGGT

GAGTAACACGTGGGTAACCTGCCCAAGAGATCGGGATAACACCTGGAAACAGATGCTAATACCGGATAACAACAGATGATG
CCTATCAACTGTTTAAAAGATGGTTCTGCTATCACTCTTGGATGGACCTGCGGTGCATTAGCTAGTTGGTAGGGTAACGGCCT
ACCAAGGCGATGATGCATAGCCGAGTTGAGAGACTGATCGGCCACATTGGGACTGAGACACGGCCCAAACTCCTACGGGAG
GCAGCAGTAGGGAATCTTCCACAATGGACTImMTTCTGATGGAGCAACGCCGCGTGAGTGAAGAAGGGTTTCGGCTCGTAA

AGCTCTGTTGTTGGTGAAGAAGGACAGGGGTAG

BLAST report of sample P34

Placental tissue 34

RID MOW3AOUEOLR (Expires on 04-10 15:04 pm)
Database Name nr

Query ID 1d[52611

Description None Description Nudeotide collection (nt)
Molecule type nucleic acid Program BLASTN 2.2.29+ > Citation
Query Length 473

Other reports: > Sftaccfr Symmay rT*xpnorpy reports'! Distance tree of resultsl
Q Graphic Summary

Distritdtianof 100 BlastHtson the Query Sequence
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IHW7C1 ISSnsosomalRWtrene cama seauena

uncmfaggfl saaenum done ncd2Q57005Q iss mjsoitcm Rn» aene cana 5«QU«n«

ungjuufga aadenufri done nco209inp5ci i3S nsosw-'ai Rwcane. canal stanma

Uncuftaed aactenum done ncd2060c02cl 1SS nsosomai RNA gene.

Uncmtured sactenum gong ncd2059c0id 16S nTiosomai r w oene.

UgfIfflIKttf.SatfOTIfn CttPg

158 norm a | RfJA Qgng. b*TC»t

L*CWRIfg? aawSerLgfIMLPtfl.IM~Agg"Cl 16S n?y”o-.ji Rt]AQ”ng.caflaU

Uncultured aactenum done ncoi565aJ3ci 16S nsosomai RNA gene,

uoadtorefl MOtfwim flOTtncfli.539”2ci i?$ n&.sgmai PH*.sene. partial ssovanre

UflartfarH aaflgnya-dgnagFvQ2 -12 iSS.ngsaomjirh*«n «. carpa*saraanc
. ; ; o . Y ol
unaftmopdatindreiSiiopkasa MissangoTi RN ™ @ e

Uncultured aactenum done ncdiQ47c.03ci 16S noosomal RNA gene partial s

K&

o« Rr  resna Pnswe: Gofl BLrmc

nctooe ncd98Ssnci 16 S noosomai rna dene partial

Uncultured aactenum done ncd847a03ci 15S noosomal RNA cene carti3» sequence

Uncultured Mctenum-rtong-ncdSignosci 155 nocsomai Rna gene, partial sequence

Uncultured aactenum done ncd518h09cl 165 noosomal RNA aene. oartial seauence

M MII

B Download v GenBanK Graphics

Uncultured bacterium isolate CH96J00003 16S nbosomal RNA gene partial sequence
Sequence HcqblEF365407 11 Length: 645 Humber of Matches: 1

Reng* 1:3310406 GnB»"< Gu p Hiu

824 tHts(446)

2uery
Sfcjct
Query
Sfcjct
Query
Sfeser
Query
Sfcjet
Query
Sfcjct
Query
Stacr
Query
Shijcz

Query
Sb3cr

1
33
61
93
121
153
181

241
273
301
333
361

421
452

Gaps Strand

STSAAACAASAIACASSCTAGCSSCGG6CGGGT3A3TAACACSTS3STAACCTSCCCAAG
FELLELTELRTE PR e 22 et Ler M e et
STfaa*CA»SAIACASSCTAGCGSCSGACSSGTSAGTAACACSTS3GTAACCTSCCCAA3

A3ATSSS3AXAACASCTS3AAACA3AT3CTAAXACCGGATAACAACAGAT3ATGCCTATC
TALLEEEEE e et b et
A3AX33GGAIAA.ACCTGGAAACASAT3CTAATACCG-3ATAACAACASAT3AT3CCTAXC

PSTOUTHRISQUSOTACTC oA SACToE T ATIATIST
AACT3TTTAAAASAT33T XCX3 XTATCASTCTT3-3AXG3ACCT3C33X 3SATTASSTAST
X33TA333XAA-333TACCAA3333AX3AX3CATAIC33A3TX3A3A3ACTIAIC3ECC

FLOH LLEELEEE te e e i e e e rrr il et
X33TA333TAAC33CCTA3CAA33C3AT SAXSCATA3C33A3TTSA3ASACTSAXCSGCC

1
i
i

i
FELELERREREr vene it T LENT EHEE e eME e

AXXA3AAA3X SAC30CTAA3XASST3CCA3CA3CC3C33TAATAA
M 111111 1111121 1122222 (11 11T |
ATXA3AAA3XCACG3CXAAXXAX3XSCCA3CA3CCS3SSTAATAA

459/465(99%) 1/465(0%) Plus/Plus

60

92

120
152
180
212
240
272

267

822
822
822
822
822
822
822
822
822
822
822
822
822
822
822
822
822
822
822
822
822
822
822

Related Information

822 98%
822 98%
822  98%
822 98%
822 98%
822 98%
822 98%
822 98%
822 98%
822 98%
822 98%
822 98%
822 98%
822 98%
822  98%
822 98%
822  98%
822 98%
822  98%
822 98%
822 98%
822 98%
822 98%
822 98%
v Next

00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00

99%
99%
99%
99%
99%
99%
99%
99%
99%
99%
99%
99%
99%
99%
99%
99%
99%
99%
99%
99%
99%
99%
99%
99%

HM275684.1
JF17.24j.8)
JF177288 1
JFJjS1ISI-
Jf.15947.31
JF158.433 1
JF1497.03 1
JFH823S.1
JF13S78-L1
JF128305 1
JFj?5148S.1
GUO99U37 1
GQ156700 1
fiaicS99J
HM344677 1
HM3*35$9-1
HM335641.1
HM335521.1
htM3344ifl. 1.
HW33Q932 1
L
HM276254.1
HM276229 1
HM276194 1

£ Descriptions



Placental tissue- P36

Fasta seq

TTCTTCCCTGACAGCAGAGCTTTACGATCCGAAGACCTTCTTCGCTCACGCGGCGTTGCTCCGTCAGACTTTCGTCCATTGCG
GAAGATTCCCTACTGCTGCCTCCCGTAGGAGTCTGGGCCGTGTCTCAGTCCCAGTGTGGCCGGTCACCCTCTCAGGTCGGCTA
CGCATCGTCGCCTTGGTGAGCCGTTACCTCACCAACTAGCTAATGCGCCGCGGGCCCATCCTGCAGTGACAGCTAAAAGCCG
CCTTTCAACCGAAAACCATGCGGTTTTCGGTGTTATCCGGTATTAGCTCCGGTTTCCCGAAGTTATCCCAGTCTGCAAGGCAG

GTTGCCCACGTGTTACTCAC

BLAST report of sample P36

Placental tissue 36

RID MITZ3PUFQLR (Expires on 04-10 14:25 pm)

Query ID 1d|164179 Dataluse Name nr )
Description None Description Nudeobde coflection (nt)

Molecule type nucleic aad Program 8LASTN 2.2.29+ > Citation
Query Length 3S1

Other reports: > SeartflSummary (Taxonomy reports! fDistance tree of results!
e graphic Summary

Distributionof 100 BlastHitson the Query Sequence u

Mouse-over to show defline and scores click to show alignments

Color key for alignment scores

1 —

= e biast.ncbi.nlm.nih.gov

C-i.S-200* 16S riposomai RN* Gene partial sequence

BactHus so. BS1 16S nsosgm?! Rn* gene, partial sequence

Bacillus SC. JH1 16S nsosomai RNA cene partial sequence

Bapflus sc N-4-55-3 Gene for 16S rRNA. partial sequence

eaagus SP. N-0-55-9 cene for 16S rRNA. partial sequence

Bacillus Sg..S5CA*$ aene tor 16S rRNA partial sequence, strain SSCA43

SsaSapHus paiiiws gene for 15S rRNA. partial sequence. stram:D-0-S5-3
Uneunureo Geosacilius sc partial 16S rRNA gene, isolate Ta
yncuiturgCGgOPagqllus so partial 16S rRNA cene. isolate F16

Baallus cali'Cus strain R-7?*8 ies nsosom3i RMA gene, partial sequence

BaflllUS SP, 125 sene tof-ISS noosomai RNA partial sequence

268

638
638
638
638
638
638
638
638
638
638
638
638
638

822888888

638

638

100%
100%
100%
100%
100%
100%
100%
100%
100%
100%
100%
100%
100%

1e-179
16179
le-179
1le-179
le-179
le-179
le-179
le-179
le-179
le-179
le-179
le-179
le-179

99%
99%
99%
99%
99%
99%
99%
99%
99%
99%
99%
99%
99%

AY639816.1
AY58.34S8-1
AY566220 1
AY554279 1
*8190021 1
AB.19QQ.Q7.1
££210904 1
*8190136 1
AB190088 1
AJ564615.1
AJ5646Q9 1
*1372321,1
*8089235 1



Bacillus sp SSCA48 gene for 16S rRNA partial sequence strain SSCA48
Sequence ID: dt»iAB210904 1] length: 485 Number of MUIcbes: 1

R.rot |:»5 to 435 6«-~i6»-s Gre«p»-nc»

Store Expect
638 bits(345j le-179 349/351(99%) 0/351(0%)
Juery 1 . . .
1111 M1 11111 tirtrrrm 111111111 m 1111111111110 1PmMmuUu N m
Sfcjct 435 TT3TT332T3A3AA3A3ASCTTTACSAXC23AASACCTTCTTC&2T2A2GC3Ga3TTSCT
Query 61 CCSIO GACTTTCST22ATT3CGGAA3ATICCCTACTGCT3CCTCCC3TA35AST2T335
LLEErErre e e e e e e et e e e e e e e e e e r e e
Sfcjet 375
Query 121 7C373TCTCA3723CAS5TGTG3C2S3TCA23CTC72A33T23327A23CAI2STC3CCTT
Lrrrrrrrerrerrmerrrererrereerrrererrrrrrrrrrrrrrerrarrrernd
Shjct 315
Query 181
TLEII20 000tz et e et rr it 1111r Mill 11111 1™
Shjct 255 3GTSAGC23TTA2CTCACCAATTAGCTAAXQCSCCGCGGGCCCAXCCT3CA3TSA2AGCT
Query 241 AAAA3CC3CCTTTCAAC2 GAAAA2CAI322-3TTTT23G73T7AT722-37A1TA3CTCCSS
. 11111112 n dill iilin it12uliilliilM M111i§ll 1111111M M11
Sfcjct 195 AAAA3C73C7TTT2AA223AAAACCAT3CGGTTTTCGGT3TTATCCS3TATTAGCTCCGG
Query 301
ThErrrrrr i it e e rere e v rrrrnnn
Shjct 135 ITT22C3AA3TI ATCCCAGT2137A33-32AGGTT37C2A23T377ATT7AC i

376

269

Related Information



Placental tissue- P36 (b)

ljc ro Tk *c 300310 320 330 340 0 00 n in »C «C tu co HMec 150 50
e crc<ccc*:c.-ccciciocflTCcec7XCOT:arccce: OCX-CC-  -:¢ x ,c:-k  -0Ci.Miccc<ccceccccatcciovecoxxenceccccicTT:<,.*co?.-ccT:xcco>c.*Tne(mnTiJcccecT.in.'«c c«ATncickn6n”ccccoicix-tcccexencecexoiG:: cte.-;:

GCCCCAGAACCCCTAACAACAGTTAGCCACTACACTCTAACGTCTAGCCGGGGCCTGTCCAAGACCATCCCACCTAAGAGCT
TTACCCGTAAGCCTTCTTCCCTCAACCGGAGGTGCTTCGTAAAACTTTCGTCCATTGCGGAAGATTCCCCAACGGAAGAAAAC
GGAGAGTTTTGGCCGGGTCTCAGTCCCAGGGGGGCCGATCACCCTCTCAGGTCGGCTACGCATCGTCGCCTTTGTTTTCCCCC
CCCCCACAAATAGCTAATGGGCCGCGGGCCCATTCTGTAGCGACAGCTTGAGCCGTCTTTCAACGAAAATTTTTTGCGACAG
GTCGCCGCCCTCGGTATTAGCACCGGATTTTTTTGGTGTTATCCCCCGTCTTCAGGGGCAGGGTTGCCCCAGTGTTTACTCCCC
CCCCCGCCGTTTTTTTTTTTAAAAAGGAAGCTNnTCGATTCGGCCCGCCCGAACTTGGATGTATTAAAGCAACGCCCGCCAGG

CGGTCGGCCCGGGGCCAGGGGTACAAAAAAACTATAATTG

BLAST reportofP36 Db

Placental tissue 36

RID M9VBUH4AO01R (Expires on 04-10 14:49 pm)

Query ID 1d178541

Description None
Molecule type nucleic acid
Query Length 461

Database Name nr
Description Nucleotide collection (nt)
Program BLASTN 2.2.29-*- > Citation

Other reports: > S&fljftfISUfPmyY II3A0(>0fnY rePO«tSI 'Distance tree of resultsl

£ Graphic Summary

Distribution of 100 Blast H«s on the Query Sequence
Mouse-over to show defltne and scores click to show alignments

Color koy for alignment scores
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15S rt&agQma) RNA fltng.

QncuHurea Bacterium done S 15 16S nsosomai RtiA pens carttal stauwtt

unaffinto *MngaqPu5 so, i<?$ nM sp™.ai PM* sing. oartai ttauwct

Unaiforgti ~ffittgao»rus se qoggKAg-Ri ‘®#8n.Pgsg”a<RNAg”e.BrUgquwsa
iteamurgoorgans dong EivP09 - T4$-s-tji W Q2Q9 s”a» svsunn PCOTOHaLRtt'iw>t. naira

tgpng ELWV97-T49 8§-r« QQQQTj s rrau SVC"OIt PSOSOmal BNA-MPt.

|Q unaa am.dang £UA»092-Ti& s-ni w <522 smalls RNAgeng. partial %<

dafig LM las.n;g8flfnai.Rru. sew cartalsmumm

wgrtun qgng « <i?s fQriA.*aaalLaaaugncg. aong. ia s*im "~>K-CKMig32

UQftWIrg* M tfwm qgng.fof 17gfR H’\.c#ﬁi»ISfigu?n" .con» Ip s»W mtfE-Clfflg™ >0&IIMB359097-11 Unajftmfl &aflgngm ayifl ir 1$8 titfViflaflaLSE

b I

LBggftgrtnys *ttaxn Pa-* i$s h m sq » i Rr*Vfl*ng.B

IQ Uncumtfwwcitnum,nara tss rRM” qggg. flpn? mp$qg*-i

Anoxybacillus flavrthermus strain A13 16S nbosomal RMA gene partial sequence
Sequence 10:QblKC310464 11 Length: 1428 Number of Matches: 1

H*"S» »j » to483 G«n6»nk Grsoh.es

846 bits(458) 0« 460,461(99%) 0/461(0%)

Query 1

Stjct 495

Qotry €1 120

Stojct 425 366

Query 121 180

Sfcjcc 365 306

Query 191 240

Shjcz 305 246

Query 241 CCSC3GGCCC3UCCTGTASC3ACA3CTXSC3CC3TCTTTaLAC3*A*CGTCaiGCGXCXI 300
. HETHMIE MMM MU et ettt M

Sfcjer 245 CCSOGGGCCCIIXQCTSXASCOCIU3CTTSC$CC3 CTTT=AA73AAAC3TCAT3CGACAT 186

Query 301 T_TC3T3T'[ATCCGSTAT_‘[ASCACCSATTTrlCSGTSTTAIC CrCSTCTACASGGCASGTI' 360
) im Umil n "I%Ja%%sl% 10 T B T 111111

Sfcjcc 195 CSTGTTXrCCSSTATT, \TXTCTCGGTS ATOOCCSICTACAGGGCASG'IT 126

Query 361 : 420

INT LI il MU r MErn

SfcJCT 125

Query 421

Sfcjct 65
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846
846

846

846

846
846
346

5888

100%
100%
100%
100%
100%
100%
100%
100%
100%
100%
100%
100%
100%
100%
100%
100%
99%

99%

99%

99%

FEREEBEEEEEEEEEE888E

Related Information

00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00

99%
99%
99%
99%
99%
99%
99%
99%
99%
99%
99%
99%
99%
99%
99%
99%
99%
99%
99%
99%

KC31w4 1
KC31Q4S2.1
KC000800 1
JX133633.1

JX133367 1
JA110432 1
IJM.HW7.1

1&110Q448.1

HQ783665 1
HQ783529.1
HQ781.857.1
ABS5571S 1
EU83QS99.1
AB356013 1
XB356062 1
AY643748 1
KF27937Q.1

JQ894376 1
KC2S52986 1
HES83206.1



Placenta] tissue- P54

2X 210 220 2C 240 250 260 ro 2C 20 0 310 320 333 30 30 30 « 310 30
«=C6T:CTCCUICACTIfICna;CC10CCO1CC*TWKIiG::CO!.-C<«l.->:CCCCTAC.i.iCC-CC»W1001XCCCi»GTICX.*C>CICAICCCCCA.4110CC.iC163a-C CCGCCO.4.-«TCCT/CCCC.«CICC.*GT.ACC.1.IICTICC;0>ICCiCCC.J.i61CTC.il0C.-CC.a;,CCCC6C010.*G

Fasta seq

ACATTITTAATTTTTTTTTTCCTTGGCTCAGGACGAACGCTGGCGGCCTGCCTAATACATGCAAGTCGAGCGAGTCTGCCTTG
AAGATCGGAGTGCTTGCACTCTGTGAAACAAGATACAGGCTAGCGGCGGACGGGTGAGTAACACGTGGGTAACCTGCCCAA
GAGATCGGGATAACACCTGGAAACAGATGCTAATACCGGATAACAACAGATGATGCCTATCAACTGTTTAAAAGATGGTTCT
GCTATCACTCTTGGATGGACCTGCGGTGCATTAGCTAGTTGGTAGGGTAACGGCCTACCAAGGCGATGATGCATAGCCGAGT
TGAGAGACTGACGGCCACATTGGGACTGAGACACGGCCCAAACTCCTACGGGAGGCAGCAGTAGGGAATCTTCCACAATGG
ACGCAAGTCTGATGGAGCAACGCCGCGTGAGTGAAGAAGGGTTTCGGCTCGTAAAGCTCTGTTGTTGGTGAAGAAGGACAG
GGGTAGTAACTGACCTTTGTTTGACGGTAATCAATTAGAAAGTCACGGCTAACTACGTGCCAGCAGCCGCGGTAATAATCAC
TAGTGCGGCCGCCTGCAGGTCGACCATATGGGAGAGCTCCCAACGCGTTGGATGCATAGCTTGAGTATTCTATAGTGTCACC

TAAATAG

BLAST report of P54

Placental tissue 54

Rio MgyxCZSrOIR (Expires on 04-10 14:58 pm)

Query ID »d] 128557

Description None
Molecule type nudeic acid
Query Length 662

Database Name nr
DeSCI’IptIOﬂ Nudeotide collection (nt)
Program BLASTN 2.2.29+ > Citation

Other reports:

£ graphic Summary

Distribution of 100 Blast Hits on the Query Sequence ,4
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[Lflflca fMA*390J.feS.»Msar]fl 3M*ifns, patglaaitoa

VPWftreo te<&n>jm tfgnfiffyj.,A3g? i$s ncQsgmp rnacw ». pa/frai seovencg

UMmtogm saoenum gong.rRNA?4; i6g r.s<»ss>>3 Rina aao.g. parp”i seaugpcg

Unarimrefl sactenun

i$s n?gsg”ai rha qgm? cartai sawanca

Lactobacillus iners clone FX43-4 16S ribosomal RNA gene partial sequence
Sequence 10: Q&IAY283270 Il Length: 937 Humber of Matches: 1

Range 1 1to 543 QgnSenk Qabh.c«

Scot, ex
1002 bits(542) o.i 0/545(0%)
Query 24 TGGC73A5GAC3AAC 33X 333333313C3TAAXA3AT33AA3T 33AS33A3TCT3CCTT3
MEGELETE YRR e et b EM M et bt b
scicz 1 TGGCT3A3GAC3AACGCT3GGOGCSISCCTAAIACAT3C&A3TCSA3C3ASTCTGCCTTG
Query AA3AXC33A3X33TX33A3T3T3T3AAA2AA3AXACA333TAGC33C3GA33GGTGA3TA
. PEE2ZLT 00N P b e b e i rermind
Stjer AA3AX333A3T33TXGCACTCT3I3AAA3AA3AXA3A3-33TAGG3G3G3A333333A3TA
Query ACA33IC-33XAA33X3333AA3A3AX3333AXAA3A3CX33AAA3A3AXG3TAAXAC33G
. TP 11111112111 111 122222200 000 222 000 111111111111 ml
Shjcz A3A33I13G3XAA33IG333AAGA3AX3333AXAA3A33T33AAA3A3AX33TAAXA3333
Query
. TIIMME Y EM bt e el
Sfcjet ATAA3AA3A3AT3ATG33TAX 3AA3X3XXXAAAA3AX 33XT3T33TAX3A3TCTT3GAT3
Query 3A33I3 333r3- 3AIIA33IA33T33 A333rAA33333rA33AA33C3AX3AT33AIAC 3
. 1’ DM Mgl
Sfcjct 3A33X3333X 33ATXA33TA3XX33XA333XAACG333TA3CAAGGCGAT3AI33ATAS3
Query 33A3TX3A3A3AC33A3 C333 3A3AXX333A3X3A3A3A33GC33AAACX3CXA3333A3
. Frere e e reerreerrr rrrr11111 1111
Sfejer C3A3XX3A3A3A3X3 AX333CCACAXT333A3T3A3A3A333333AAA3TC3TA3333A3
Query 33A33A3XA333AAX3XX33A3AAX3-3A333AA3X3X3AT33A33AA3G3C333T3A3I3
Stjer 3CA33A3XA333AAX3XT33ACAAX.33A33CAA3I3ZX3AX33AG3AA33C3G33T3A3X3
Query
Shjcr
Query A33XTX3XXT3A333TAAT3AAXXA3AAAGT3AC333TAACTA33T333A33A3C33C&3
. W tMIEMETEEMETEEr ettt et brr el
Sfejer A33TXX3XXT3A333IAAX3AAXXA3AAA3X3A3333XAA3XA33X333A33A3333333
Query xaaia Sea
. 11111
Sfcjct TAAIA 545

143

273

1005
1002
1002
1002
1002
1002
1002
1002
1002
1002
1002
1002
1002
1002
1002
1002
1002

1005
1002
1002
1002
1002
1002
1002
1002
1002
1002
1002
1002
1002
1002

1002
1002

-nnn

83%
82%
82%
82%
82%
82%
82%
82%
82%
82%
82%
82%
82%
82%
82%
82%
82%

00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00

00
A

Related Information

99%
99%
99%
99%
99%
99%
99%
99%
99%
99%
99%
99%
99%
99%
99%
99%

99%
nnn.

SF-S32as*j
A88Q99S7 1
GQ1S67QQ.1
£Q156699J
EU071482 1
EF6828711
Qfissmsj
DQ666101.1
PQiiWw00.i
AY28327Q 1
AY233269)
ay8§591.9.33
5X359166..1

5Y95.9.156.1
WT959115 1
AY959100 1



72 TEST REPORT OF AGILENT HIGH SENSITIVITY DNA ASSAY

2100 expert_Hk)h Sensitivity DNA Assay_DE04103**]1_2013-05-27_02-38-15.xad

Assay Class: High Sensitivity DNA Assay

Data Path:
Electrophoresis File Run Summary

C:\.-gh Sensitivity DNA Assay_DE04103941_2013-05-27_02-38-15.xad

Inygymgnt InfprmaOqgn:

Created:
Modified:

Page 1 of 13

S/27/2013 2:38:15 AM
5/27/2013 3:58:57 AM

[bp]
Instrument Name:

(6=
w
w

a'aaaaag{o

Serial#:

As#ty InfQrmatign.
Assay Ongm Patti.

Assay Class:

Verswn:

Assay Comments:

Che Information:
Chip Lot #:
Reagent Kit Lot #:

Gup Comments:

Pl P2

C0 1.069
G2939A

DE04103941 Frrnware:

D604103941 Type:

C:\Program FHesVAgiient\2] 00 Dioanalyzer\2100
expert\assays\dsONA\High Sensitivity DNA.xsy

high Sensitivity DNA Assay

1.03
Copyright © 2003-2010 Agilent Technologies

P3

2100 Expert (B.02.08.51648)

© Copyright 2003 - 2009 Agilent Technologies, Inc.
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2100 expertHigh Sensitivity DNA Assay_ DE04103941 _2013-05-27_02-38-15.xad Page 2 of 13

Assay Class: High Sensitivity DNA Assay Created: 5/27/2013 2:38:15 AM
Data Path: C:\~.gh Sensitivity DNA Assay DE04103941 2013-05-27_02-38-15.xad Modrfied: 5/27/2013 3:58:57 AM

Electrophoresis File Run Summary (Chip Summary)

Sample Name Sample Comment Rest. Digest Status Observation Result Label Res
ult
Col
or

Pl

P2

P3

P4

PS

P6

P7
Blank
Blank
Blank
Blank
Ladder

oLl 0O [0

Chip Lot # Reagent Kit Lot #

Chip Comments :

2100 Expert (B.02.08.51648) © Copyright 2003 - 2009 Agilent Technologies, Inc. Printed: 5/27/2013 3:59:45 AM
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2100 expert.High Sensitivity D 1U Assay 0C04103941 2013-05-27 02-3»-15jtad

Assay Class: High Sensitivity DMA Assay
Data Path: C:\...gh Sensitivity DNA Assay_DE04103941_2D13-0S-27_02-38-15.xad

Electrophoresis Assay Details

General Analysis Settings

Number of Available Sample and Ladder Wells (Max.) : 12

Minimum Visible Range [s] : 32
Maximum Visible Range [s] . 138
Start Analysis Time Range [s] : 33
End Analysis Time Range [s] :
Ladder Concentration [pg/pl] : 1950

Uses Standard Area for Ladder Fragments
Lower Marker Concentration [pg/pl] : 125
Upper Marker Concentration 'pg/ul] : 7S

Used Upper Marker for Quantitation

Standard Curve Fit is Point to soint

Show Data Aligned to Lower and Upper Marker

Integrator Settings

Integration Start Time [s] . 33.05
Integration End Time [s] : 137

Slope Threshold : 0.8
Height Threshold [FU] : 5

Area Threshold : 0.1
Width Threshold [s] : 0.6
Baseline Plateau [s] : 0.5

Filter Settings

Filter Width [s] : 0.5
Polynomial Order : 4

Ladder

Ladder Peak Size
1 35

2 50

3 100
4 ISO
5 200
6 300
7 400
8 500
9 600
10 700
11 1000
12 2000
13 3000
14 7000
15 10380

2100 Expert (B.02.08.51648)

Area

160
210
208
221
242
270
305
306
336
321
366
413
411
400
214

© Copyright 2003 - 2009 Agilent Technologies, Inc.
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Printed:
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2100 expert_High Sensitivity DMA Assay_DC04103»41_2013-05-27_02-38-15.xad Page 4 of 13

Assay Class: High Sensitivity DMA Assay Created: 5/27/2013 2:38:15 AM
Data Path: C:\...gh Sensitivity DNA Assay_DE04103941 2013-05-27_02-38-15.xad Modified: 5/27/2013 3:58:57 AM

Electropherogram Summary

Ladder Peak table for Ladder
Peak Size [bp] Cone. Molarity Observation
[P9/MU [PmoJ/l] s

1 4 35 125.00 5.411.3 Lower Marker
2 L 50 150.00 4.545.5 Ladder Peak
3 L 100 150.00 2.272.7 Ladder Peak
4 L 150 150 00 1.515.2 Ladder Peak
5 L 200 150.00 1.136.4 Ladder Peak
6 L 300 150.00 757.6 Ladder Peak
7 L 400 150.00 568.2 Ladder Peak
a L 500 150 00 454.5 Ladder Peak
9 L 600 150.00 378.8 Ladder Peak
10 L 700 150.00 324.7 Ladder Peak
1 L 1jo00 150.00 227.3 Ladder Peak
12 L 2000 150.00 113.6 Ladder Peak
13 L 3.000 150.00 75.8 Ladder Peak

Peak Size [bp] Cone. Molarity

[PV/»<l] [pcnol/l] S

14 L 7.000 150.00 325 Ladder Peak

15 A 10.380 75.00 109 Upper Marxer

2100 Expert (B.02.08.51648) © Copyright 2003 - 2009 Agilent Technologies, Inc. Printed: 5/27/2013 3:59:45 AM
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2100 expert_High Sensitivity DNA AssayD€04103941 _2013-05-27_02-38-15.xad

Assay Class: High Sensitivity DNA Assay
Data Path: C:\...gh Sensitivity DNA Assay DE04103941 2013-05-27_02-38-15.xad

Eiectropherogram Summary Continued ...

Pl Peak table for sample 1 :
(TUl-1 Peak Size [bp] Cone.
A, [P9/M<]
£ 1 < » 125.00
«X>- 4?
- 2 57 42.66
200 « 3 194 102.72
1000 . 4 207 87.06
v’ 5 216 71.70
— 0l ith el T P il Nren e 6 250 13*03
15 150 300 500 1000 10380 [bp] 7 259 76.64
a 278 147.22
Overall Results for sample 1 Pl 9 200 133.31
Ncmber of peaks found, 27 10 313 140.10
So Q5 1 333 140.72
carr Ared 1 101999 12 3*8 136.63
Region table for sample 1 : Pi 13 361 132.91
From To Corr. “bof Average Size Cone. Molarit Co 14 370 83 89
fbp] [bp] Area Total Size distribution [pg/ply lo 15 378 83.24
thp) in CV [<*b] ] [pmol/t r 16 388 8370
160 2117 10195 P @E si.a 172237 *8.8036 17 399 114.47
9 ia 408 104.62
19 422 123.79
20 465 208.46
21 509 280 89
22 544 248.56
23 575 205.51
24 616 254.62
25 672 338 85
26 897 64351

Peak Size [bp] Cone. _ olarity Observation
[po/pi] s

27 1,007 882.93 1.3253

28 A 10.380 75.00 10.9 Upper Water

29 1X843 000 0.0

2100 Expert (B.02.08.S1648) © Copyright 2003 - 2009 Agilent Technologies, Inc.

278

Created:
Modified.

Pl

Molarity
[pmoi/l]

5.411.3

1.143.8
aoi.4
636.6
502.1
811.7
447.7
801.6
697.2
679-2
639.9
594.5
568.2
34X4
33X4
327-2
434-8
388.1
4445
679.9
836.2
69X9
541.8
6259
764.0
1.087.0

Printed:

Page 5 of 13

5/27/2013 2:38:15 AM
5/27/2013 3:58:57 AM

Observation

5/27/2013 3:59:45 AM



2100 expert_High Sensitivity DNA Assay_D€04103941_2013-05-27_02-38-15.xad Page 6 of 13

Assay Class: High Sensitivity DNA Assay Created: 5/27/2013 2:38:15 AM
Data Path: C:\...gh Sensitivity DNA Assay DE04103941_2013-05-27_02-38-15.xad Modified: 5/27/2013 3:58:57 AM
Electropherogram Summary Continued ...
P2 Peak table for sample 2 : P2
Peak Size [bp] Cone. Molarity Observation
[Po/m=i [pmol/I] s
1 < 125.00 5411.3 Lower Marker
2 52 25.36 737.4
. 3 194 88.90 694.9
4 206 48.17 3634
5 218 57.60 401.1
6 223 46.88 317.9
7 234 8786 567.7
8 250 82.68 500.7
Overall Results for sample 2 : P2 9 272 54.90 305.4
Number or peaks found 28 10 290 57.35 299.8
Noise: 0.4 11 300 5787 2925
Carr. Area 1: 6.355.1 12 314 82.34 397.7
Region table for sample 2 : P2 13 321 64.67 305.5
From To Corr.% of Average Size Cone. Molarit Co 14 332 68.57 3134
rbp] [bp] Area Total Size distribution [pg/pi \Y lo 15 349 71.46 8105
[bp] in CV [«*] ] [pmol/l r 16 362 94.1S 394.0
156 2169 6355199 881 523 3.830.00 12.772.6 17 374 10707 4335
18 387 62.49 2447
19 400 77.35 292.7
20 406 5781 211.8
21 437 70 98 246.0
22 456 62.70 2085
23 464 69.86 228.1
24 541 342.49 959.4
25 574 12352 326.2
26 676 445.56 999.0
Peak Size [bp] Cone. Molarity Observation
[P9/MO [pmol/l] s
27 687 479.0* 616.6
28 935 127.70 207.0
29 1822 561 65 832.6
30 A 10.380 75.00 10.9 Upper Marker
2100 Expert (B.02.08.51648) © Copyright 2003 - 2009 Agilent Technologies, Inc. Printed: 5/27/2013 3:59:45 AM
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2100 expertHigh Sensitivity ONA Assay DE04103941_2013-05-27_02-38-15.xad

Assay Gass: High Sensitivity DMA Assay
Data Path: C:\...gh Sensitivity DNA Assay DE04103941_2013-05-27_02-38-15.xad

Electropherogram Summary Continued ...

i k% N h — n—ri-———-

JS ISO 300 500 1000 10380 [bp]

Overall Results for sample 3 : P3

Ninbet of peoks found. 24

Noise: 0.6

Corr. Ared ti 9.858 5

Region table for sample 3 : P3

From To Corr. of Average Size Cone. Molarit Co

[bp] [bp] Area Total Size distribution [pg/pl vy lo

[bp] inCV [«Vb] ] [pmol/l r

153 2141 9.868.5 99 627 52.7 6.882.56 24.256.4

Peak Size [bp] Cone. Molarity Observation
(Pg/PO [pmol/l]

26 12.763 Ccoo0 00

2100 Expert (8.02.08.51648)

Peak table for sample 3

Peak

1

© ~N O O b~ W N
RE B ©00

N DN N NN =Y [EEG TN
O RO NPSbBBIBEGREDR

4

>

Size [bp] Cone.

35

59
194
205
226
234
256
287
303
318
329
341
354
378
401
411
440
480
500
540
636
666
810
933
10.380

[PO/MI]
125.00

13.78
198.64
76.37
189-26
112.06
229.92
322.99
129.90
197.03
153.57
121.66
309.92
131.54
108.63
186.12
24427
257.10
271.37
270.63
751.51
269.19
577.31
1.191.00
75.00

© Copyright 2003 - 2009 Agilent Technologies, Inc.
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Created:
Modified:

P3

Molarity
[pmol/l]

5.411.3

354.2
1.550.9
564.0
1.269.4
726.6
1.360.0
1.706.2
649.0
940.2
708-2
539.6
1.327.2
526.7
410.8
686.2
641.2
811.1
8224
758.6
1.791.1
612-2
1.079.2
1.933.8
10.9

Printed:

Page 7 of 13

5/27/2013 2:38:15 AM
5/27/2013 3:58:57 AM

Observation

1ow Mariuti

Upper Market

5/27/2013 3:59:45 AM



2100 expert_High Sensitivity DNA Assay_DE04103941_2013-05-27_02-38-15.xad

Assay Class:
Data Path:

High Sensitivity DNA Assay
C:\...gh Sensitivity DNA Assay_DE04103941_2013-05-27_02-38-15.xad

Electropherogram Summary Continued ...

Overall Results for sample 4 :

at pedki found

Corr Area I:

Region table for sample 4 s

From To Coer.

158 1.998 9.915.0 99

%
[bp] [bp] Area Total Size
[bpl
653

Peak Size [bp] Cone.

27 645
28 676
29 874
30 966
31 1.957
32 2201
33 2,757
34 3353

35 } 10380

2100 Expert (B.02.08.51648)

[P9/MI]
149.28

272.98
744.37
567.95
usl
164
146
1.63
75.00

of Average Size

P4
P4
33
0.9
9,915.0
P4
Cone, Wtarit %)
distribution [pg/pl
1 [pmol/l r
50.5 4.923.52 16.419.7 mm

Molarity Observation
[pmol/l] S

3507

612.0

1.290.7

9036

1.2

1.1
ar

10.9 Upper Mancr

Peak table for sample 4

Peak Size [bp] Cone.

[pg/MH
1 4 35 125.00
2 52 46.24
3 195 8303
4 207 78.93
5 218 72.26
6 237 127.15
7 251 116.77
8 260 8356
9 278 120.57
10 292 127.48
11 302 7327
12 313 96.40
13 326 88.56
14 334 101.73
15 349 107.92
16 362 122.53
17 374 90.03
18 388 78.09
19 401 118.21
20 424 95.94
21 440 8396
22 466 210.26
23 509 299.66
24 547 221.07
25 574 176.16
26 614 221.11

© Copyright 2003 - 2009 Agilent Technologies, Inc
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Created:
Modified:

P4

Molarity
[pmol/r]

5.411.3

13513
6455
576.6
501.7
111J
704.0

486.3
657.7

367.6
476.0
41231
462.1
468.1
513.1
3650
304.9
446.8
3431
289.2
682.9
891.3
612.5
465.4
5457

Printed:

Page 8 of 13

5/27/2013 2:38:15 AM
5/27/2013 3:58:57 AM

Observation

5/27/2013 3:59:45 AM



2100 expert_High Sensitivity DMA Assay_DE04103941_2013-05-27_02-38-15.xad

Assay Oass:
Data Path:

High Sensitivity DNA Assay
C:\-.gh Sensitivity DNA Assay DE04103941_2013-05-27_02-38-1S.xad

Electropherogram Summary Continued ...

Overall Results for sample S :

=fc nber of peaks found
Sohe:
Corr. Area 1:

Region table for sample S :

PS

PS
26

Q.8
<468.8

PS

From To Corr. % of Average Size Cone. Hotarit Co
[*>P] [bp] Area Total Size distribution [pg/ply lo

[bp] m CV [«Vb] ] [pmol/l r
152 1.605 4.468.8 58 396 44.4 2.907.34 139689 19

Peak Size [bp] Cone.
[P9/M*]

26 A 10380 75.00

27 12.482 060

28 13334 060

2100 Expert (B.02.08.51648)

Molarity Observation
[pmol/l] s

10.9 Upper Marker
0.0

0.0

Peak table for sample S :

Peak Size [bp] Cone.

[P9/M>1
1 i1 &5 125.00
2 48 35.16
3 62 16.70
4 19 231.69
5 206 109.07
6 220 126.10
7 233 207.14
8 248 92.54
9 253 85.34
10 271 88.74
n 281 131.78
12 294 110.97
13 317 97.31
14 328 94.00
15 358 169.51
16 390 A? 71
17 398 89.65
18 450 49 66
19 461 5151
20 479 63.15
21 504 92.34
2 538 54 69
23 576 4853
24 606 4881
25 635 186.26

© Copyright 2003 - 2009 Agilent Technologies, Inc
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Created:
Modified:

P5

Molarity
[pmol/l]

54113

1.105.2
409.9
1.790.0
796.2
8672
1.346.5
564.8
510.8
496.6
7104
572 2
465.8
4336
718.0
2420
3417
167.1
169.4
1998
2777
154.0
127.7
1221
449.0

Printed:

Page 9 of 13

5/27/2013 2:38:15 AM
5/27/2013 3:58:57 AM

Observation

Lower Marker

5/27/2013 3:59:45 AM



2100 expertHigh Sensitivity DMA Assay_D€04103*41_2013-05-27_02-38-15.xad Page 10 of 13

Assay Oass: High Sensitivity DMA Assay Created: 5/27/2013 2:38:15 AM
Data Path: C:\-.gh Sensitivity DMA Assay_DE04103941_2013-05-27J32-38-15.xad Modified 5/27/2013 3:58:57 AM

Electropherogram Summary Continued ...

P6 Peak table for sample 6 : p*
{FU] Peak Size [bp] Cone. Molarity Observation
-400- [P9/PO [pmol/l] s
mm i 4 3 125.00 5.411.3 Lower Marker
300-
200- a « 2 56 23.11 626.8
3 196 112.41 869 5
100- L 4 205 96.47 7132
Juniat 1 5 218 99.47 6900
— n n i ro~r 111 1T i _
35 150 300 500 1000 10380 [bp] 7 252 163.04 979.7
8 262 99 60 576.1
Overall Results for sample 6 P6 9 280 179.94 9725
Number of peaks found 30 10 293 131.32 680.0
Noise: CL5 11 302 104.78 525.7
Corr. Area 1 9.874.0 12 314 130.97 631.9
Region table for sample 6 : P6 13 323 95.42 447.0
From To Corr. % of Average Size Cone. Motarit Co 14 334 119.90 5437
i»p] [bp] Area Total Sire distribution [pg/ply lo
[bp] in CV [°A>] ] [mel/l r 16 362 139.72 565.5
165 2196 9.874.099 640 50.4 6.252 40 21.145.5 17 374 126.10 5114
18 390 118.03 458.9
19 409 22396 829.0
424 117.94 4218
% 466 399.38 1.297.2
482 117.66 369.9
23 510 258.10 766.2
24 544 312.31 870.4
25 574 188.29 496.6
26 615 321.14 791.8
Peak Size [bp] Cone. Molarity Observation
[P9/MH [pmol/l] s
27 641 168.10 3975
28 685 361.15 799.4
29 882 807 98 .387.4
30 963 764.11 02.6
31 A 10.380 75.00 10.9 Upper Martwr
32 13073 0j00 00
2100 Expert (B.02.Q08.51648) © Copyright 2003 - 2009 Agilent Technologies, Inc Printed: 5/27/2013 3:59:45 AM
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2100 expert_High Sensitivity DNA Assay DC04103941 2013-05-27_02-38-15.xad

Assay Class:
Data Path:

High Sensitivity DNA Assay
C:\-.gh Sensitivity DNA Assay_DE04103941_2013-05-27_02-38-15.xad

Electro pherogram Summary Continued ...

pP7 Peak table for sample 7 :
[FU]- # Peak Size [bp] Cone.
950. Ay [P9/MO
200- mA” i 4 3F 125.00
iso- . 2 56 69 02
100- 3 67 1793
50. 4 194 176.42
HA% —u-1 —Xy. .. 5 208 105-29
e L B i Toeeeees roit r - 11 6 222 129.90
35 150 300 500 1000 10380 [bp] 7 238 202.96
8 252 116.24
Overall Results for sample 7 _Ez 9 267 99.31
Ntantxr of peaks found. 27 10 278 91-24
0A 1 294 126.78
Corr Area I 6.923.8 12 337 375.16
Region table for sample 7 : P7 13 357 172.99
From To  Corr. of Average Size Cone. Molarit Co 14 365 154.74
tbp] [bp] Area Total Size distribution [pg/pl V lo 15 393 117.60
tbPI inCV[Vo ) [pmol/l r 16 415 114.80
161 2120 6923090  6X5 54.1 5.747.97 20.241.4 17 421 11561
18 447 107.70
19 466 158-21
20 492 217.99
21 SIS 177.73
22 534 127.19
23 562 188.03
24 631 290.90
25 810 656.31
26 904 372.28
Peak Size [bp] Cone. Molarity Observation
[P9/MU [pmol/I] s
27 989 77X62 1.1857
28 ~ 10380 75.00 10.9 Upper Marker
29 1X203 0j00 0.0

2100 Expert (B.02.08.51648)

© Copyright 2003 - 2009 Agilent Technologies, Inc.
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7.3 ABBREVIATIONS

ABI
ALT
ANC
ASSHP
AST
ATI-AAs
ATM
BLAST
BMI
BMJ
bp
CAA
CagA
CAN
Cl
CKD
CLC
cm

CRP
CVvD
DAL
DBP
ddNTP
dH20
DNA
dNTP

ERB
Exo 1
FHB
FVW
GH

Applied Bio-Systems

Alanine aminotransferase

Ante Natal Care

Australasian Society for the Study of Flypertension
Aspartate aminotransferase
Angiotensin Il type |

Amplicon Tagment Mix

Basic Local Alignment Search Tool
Body Mass Index

British Medical Journal

base pairs

Clean Amplified Plate
Cytotoxin-associated antigen
Clean Amplified NTA plate
Confidence interval

Chronic Kidney Disease

Cell Lysis Buffer

Centi meter

C- Reactive Protein

Cardio Vascular Disease
Diluted Amplicon Library
Diastolic Blood Pressure

Di deoxy nucleotide tri phosphate
Distilled water

Deoxy Ribose Nucleic Acid
Deoxy Nucleotide Tri Phosphate
Eclampsia

Endo-toxin Removal Wash
Exo-nuclease 1

Family Health Bureau

Flow Velocity Waveforms

Gestational Hypertension
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(GDNA)

HCT
HDL
HELLP
HT1

ICU

IL
ISSHP
IUGR
K4

km?2
LNA1
LNB1
LNW1
LSCS
mg
MIAC
Mg

ml
ng
NGS
NHBPEP
NICE
NICU
NPM
NSC
NT
NTA
OR

P

genomic DNA

hours

Heat Coagulation Test

High density lipoprotein

Hemolysis Elevated Liver enzymes Low platelet count
Hybridization buffer

index

Intensive Care Unit

Inflammatory cytokine interleukin

International Society for the Study of Hypertension in Pregnancy
Intra Uterine Growth Reduction

Korotkoffphase 4

Kilogram

Kilometer square

Library Normalization Additives 1

Library Normalization Beads

Library Normalization Wash

Lower Segment Caesarean Section

Milligram

Microbial invasion of the amniotic cavity

Micro gram

Milliliter

Nano gram

Next Generation Sequencing

National High Blood Pressure Education Programme
National Institute for Health Services and Clinical Excellence
Neonatal Intensive Care Unit

Nextera PCR Master Mix

Neutralization solution

Neutralize Tagment Buffer

Nextera XT Tagment Amplicon Plate

Odds ratio

Probability
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PiCo
PAL
PBU
PE
PET
PGE2
PGM
PIH
PLGF
PMR
qgRT PCR
RR
rRNA
RUPP
SAP
SBP
SEng
sFIt-1
SGA
SGP
SLE
SPE
STNM
TBE
TD
TGF
TNF-a
U/L

VEGF
VLDL
WHO

primiparous

Pooled Amplicon Library

Perinatal Baby Unit

Pre-eclampsia

Pre-eclamptic toxemia
Prostaglandin E2

Personal Genome Machine
Pregnancy Induced Hypertension
Placental Growth Factor

Prenatal Mortality Rate

Real time polymerase chain reaction
Relative risk

ribosomal Ribo Nucleic Acid
Reduced Uterine Perfusion Pressure
Shrimp Alkaline Phosphatase
Systolic Blood Pressure

Soluble endoglin

Soluble forms like tyrosine kinase-1
Small for Gestational Age

StoraGe Plate

Systemic Lupus Erythematous
Superimposed Pre-eclampsia
Syncytiotrophoblast microparticles
Tris Borate EDTA buffer

Tagment DNA buffer

Transforming Growth Factor P
Tumor Necrosis Factor

Units per liter

Variable regions

Vascular Endothelial Growth Factor
Very low density lipoprotein

World Health Organization

Dollar
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micro gram
More than or equal to

Percentage



7.4 BUFFERS AND CULTURE MEDIA

Luria-Bertani (LB) Medium

Bacto-tryptone 10 ¢
Bacto-yeast extract 5 g
Sodium chloride 10 ¢

Adjust the pH to 7 .0 with 5N sodium hydroxide

SOC Medium (100ml)

Bacto-tryptone 2 g

Bacto-yeast extract 05 ¢

Sodium chloride 1 ml
1M potassium chloride 1 ml
2M MgCl2 1 ml
2M Glucose 20 ml
dH?20 97 ml

Adjust the pH to 7 .0 with 5N sodium hydroxide

IPTG Stock solution (0.1M)
IPTG 12 g
dH20 50 mi

Filter sterilize and store at 4°C
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X-Gal (2ml)
5-bromo-4-chloro-3-indoyl-P-D-galactoside 100
N,N’-dimethyl formsmide 2

Dissolve and cover with aluminium foil and store at 20°C

LB Broth with Ampicillin
LB broth 100
Ampicillin 100

mixed 100pl/ml ampicillin in autoclaved cooled LB
broth

LB plates with Ampicillin

LB broth prepared 100
Lactose agar 1.5
Ampicillin 100

Autoclave LB broth mixed with agar. Allow to cool and
add ampicillin before poring the plates

LB plates with Aampicillin/IPTG/X-Gal
IPTG 100
X-Gal 20

Spread IPTG/X-Gal on the LB/Amp plates prepared
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Im Amp Blue plates- Invitrogen
Im Amp Blue media 1 Packet
dH20 (Autoclaved) 200 m|

Heat in a microwave for 2 minutes and pour on to plates

10X TBE buffer (1L)

Tris base 108 g
Boric acid 55 g
0.5M EDTA 40 ml
dH2Q 960 ml

Mix using a magnetic stirrer and autoclave for 20
minutes
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7.5 LIST OF SUPPLIERS

Applied Biosystems 7 Kingsland Grange, Woolston, Warrington, Cheshire,
WA1 7SR, UK
GE Healthcare in Uk Pollards Wood. Nightingales Lane, Chalfont St, Giles,

Buckinghamshire, HP8 4SP

[llumina Singapore Ltd 11 Biopolis Way, #09-05 Helios, Singapore 138667

Invitrogen Ltd. 3 Fountain Drive, Inchinnan Business Park, Paisley,
PA4 9RF, UK

Molzym GmbH & Co. KG Mary-Astell-StraBe 10, 28359 Bremen, Germany

Promega UK Ltd Delta  House, Chilworth Research Centre,

Southampton SO 16 7NS, UK.

Qiagen QIAGEN House, Fleming Way, Crawley, West
Sussex, RH10 9NQ, UK.

293



7.6 PATIENT INFORMATION SHEETS, CONSENT FORM & DATA

COLLECTION SHEETS

7.6.1 Information sheet and consent form (Sinhala)
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7.6.2

Information sheet and consent form (English)

Information Sheet/Consent Form

A comparative study of viruses, bacteria and fungi present in blood, urine, amniotic
fluid, and placental tissue of women with pre-eclampsia and normal pregnant women

using molecular genetic techniques

| am Ms. Ranmalee Amarasekara, attached to the Human Genetics Unit, Faculty of Medicine
University of Colombo reading for my PhD. | would like to invite you to take part in the
research study titled “A comparative study ofviruses, bacteria and fungi present inblood, urine,
amniotic fluid, and placental tissue ofwomen with pre-eclampsia and normal pregnant women
using molecular genetic techniques” conducted by Prof. Rohan W Jayasekara, Dr. Vajira H.
W. Dissanayake, Prof. Hemantha Senanayake and myself.

1.

Purpose of the study

The purpose of this research is to find out whether pre-eclampia is caused by an
infective organism.

Voluntary participation

Your participation in this study is voluntary. You are free not to participate at all or to
withdraw from the study at any time despite consenting to take part earlier. There will
be no loss of medical care or any other available treatment for your illness or condition
to which you are otherwise entitled. If you decide not to participate or withdraw from
the study you may do so at any time.

Duration, procedures of the study and participant’s responsibilities

If you agree to participate then we will do the following at the time of delivering your
baby by caesarian section:

- When a canula is inserted to one of your veins to give you saline we will take 3ml
of blood.

- When the catheter is inserted to your bladder to remove urine we will take 10 ml of
urine.

- When the amniotic cavity is opened to deliver the baby we will take 10 ml of
amniotic fluid.

- When the placenta is taken out we will take the entire placenta.
We will be testing these to find out whether there are any infectious organisms present
in them. In addition to these we will record clinical information relating to you.

Potential benefits

There are no direct benefits to you from participation in this study. However, your
participation in this study may contribute to understanding what causes pre-eclampsia
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thereby benefiting you (if you plan to have more children) and/or other pregnant women
in the future.

Risks, hazards and discomforts

There are no additional risks, hazards and discomforts for your or your baby as a result
of participating in this study.

Confidentiality

The information we gather will never be used in such a way that your identity and
information would be released to a third party.

Withdrawal fromthe study

Although you agree to participate now you are free to change your mind later and
withdraw from the study. All you have to do is call one ofus and let us know that you
want to withdraw.

Clarification

If you have questions about any ofthe tests / procedures or information, please feel free
to ask one ofus by calling Oil 2689 545

To be complete
a. By the participant

The participant should complete the whole of this sheet himself/herself.

1. Have you read the information sheet? (Please keep a copy for yourself) YES/NO
2. Have you had an opportunity to discuss this study and ask any questions? YES/NO
3. Have you had satisfactory answers to all your questions? YES/NO
4. Have you received enough information about the study? YES/NO

5. Who explained the Study t0 YOU? ..o

6. Do you understand that you are free to withdraw from the study at any time without having
to give a reason and without affecting your future medical care? YES/NO

7. Sections of your medical notes, including those held by the investigators relating to your
participation in this study may be examined by other research assistants. All personal details
will be treated as STRICTLY CONFIDENTIAL. Do you give your permission for these
individuals to have access to your records? YES/NO
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8. Have you had sufficient time to come to your decision? YES/NO
9. Do you agree to take part in this study?YES/NO
Participant’s SIgNatUre.....ccocoeveieeie i Date

Name (BLOCK CAPITALS) .o

b. By the investigator

| have explained the study to the above volunteer and she has indicated her willingness
to take part.

Signature of INVESHIGAtOr...c.ccciciiiice e Date...coooeieece e

NAME (BLOCK CAPITALS) ioooovvveeerrreeesseeesesseesssssessssesssssssssssesssssssssssssssssssssssssssssssessssssesssssssees
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7.6.3 Information sheet and consent form (Tamil)
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7.6.4 Data collection form- Preeclampsia woman

Subject study number.........cccoceeieienne

A comparative study of viruses, bacteria and fungi present in blood, urine, amniotic
fluid, and placental tissue of women with pre-eclampsia and normal pregnant women

PHENOTYPIC DATA
Pre-Eclamptic Woman

Screening Number

Name s
Date of birth ... [ /
Age yrs

Parity e,

AdAress

Telephone NUMDET e eeneas
Hospital number
ANC Clinic number .

PHC ClHinic nUMDBEer e N A B et e e

Data Protection and Confidentiality After completion of this page, ensure that the subject study number is entered

on all pages ofthis booklet. Then detach this page and store separately from the remainder of the booklet.
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Screening Number

Date of entry to StUdY ..ccovcveveieee e,
Date on consent form

INCLUSION CRITERIA

No hypertension of> 140/90 mmHg on
Two occasions within 6h apart

No proteinuria of > lin urine-protein
Heat coagulationtest -

EXCLUSION CRITERIA

Known risk factors
(renal disease, chronic disease, persistent proteinuria)

Essential hypertension requiring medication
Deep vein thrombosis/pulmonary embolism
Ischemic heart disease

Cerebrovascular accidents

Insulin/non insulin dependent diabetes mellitus
Diabetes and gestational diabetes

Body mass index >30 kg/m2

Multiple gestations

Long term steroid use

Endocrine disorders

Valvular heart disease

Multiple vaginal examinations

Premature rupture of membranes

Past medical

OS] o 2SS
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Screening Number

/
ANTE-NATAL BOOKING
Date of booking
Maternal weight maternal height
in kilograms In meters

Body Mass Index (Weight in Kg/Height in Meters2)

Dates:

LMP

Gestation by dates weeks days

SCAN

Date of first scan

POA by the date of first scan

EDD by scan weeks .. days

Gestation by scan weeks ... days

Blood pressure at booking:

Systolic mm Hg
Diastolic mm Hg
Urinary protein 0. Negative or trace

1. Not performed or result unknown

2->(+)
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Screening Number

DIAGNOSIS OF PRE-ECLAMPSIA

Date of diagnosis

Earliest date on which BP and proteinuria fulfill inclusion criteria. Date at either start or finish of 24 hour urine
collection is acceptable.

0. Antenatal 0O > . Intrapartum 2 Postnatal

Gestation at diagnosis weeks days
Calculated from bookings ¢ a n -
Where available

Blood pressure at diagnosis (not on antihypertensive medication)
BP preferably not on antihypertensive medication, but this is not mandatory. For women who have commenced
antihypertensive treatment prior to crossing threshold for proteinuria, see study guidelines.

1. Date

Time

Systolic

Diastolic

First and second reading should be taken within 24 hours, and preferably 6 hours apart. Lesser intervals are
acceptable where no other readings are available e.g. fulminating pre-eclampsia

Date
Time
Systolic mm Hg
Diastolic mm Hg
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Screening Number

Proteinuria at diagnosis
Enter ONE measure of proteinuria only: g/L in a 24 hour collection, or g/24 hours preferred.

Urinary protein in g/L e e,

24 hour collection No/ Yes

Heat coagulation protein ] 0. Negative or trace

3. +++

4, ++-H-

SEVERITY OF DISEASE

Blood pressure at time of highest recorded diastolic blood pressure
Highest BP at or since diagnosis

Date
0. Antenatal O 1. Intrapartum 2 Postnatal
Systolic mm Hg
Diastolic mm Hg

Highest recorded proteinuria within + 1 week of delivery

Date
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Screening Number

Heat coagulation protein :
J P 0. Negative or trace

D®

Biochemical data within + 1week of delivery

Highest recorded: Date
AST U/L
ALT U/L
Urate mmol/L

Toconvert mmol/ L to (imol/L, multiply by 1000 (move the decinral point 3 places to te right)

Creatinine mmol/L - -

Urea - mmol/L

Lowest recorded:

Platelets X 109L
Admitted to AICU 0. No
1 Yes

308



Screening Number

Required renal dialysis

PREGNANCY OUTCOME

Date of delivery

Gestation at delivery

Calculated from gestation at diagnosis
Reason for caesarean section

Complications:

0. No

1. Yes

weeks U days

1. Abruption
2. Antenatal eclamptic convulsion
3. Intrapartum eclamptic convulsion

4. Postpartum eclamptic convulsion
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SAMPLING RECORD- for DNA extraction

Venous blood

Amniotic fluid

Urinary sample

Placental tissue

COMMENTS

Record reasons for missing data and any additional relevant comments, including any

intervention trials in which the subject participated during this study. ENSURE THAT
ANONYMITY IS PRESERVED.

The booklet should be signed when ALL available data have been entered and cross checked with relevant data
recorded elsewhere in this booklet and in the phenotyping booklets for the mother ofthe affected woman and the

index affected baby

Investigator/ research assistant
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7.6.5 Data collection form- Normotensive woman

Subject study number......................

A comparative study of viruses, bacteria and fungi present in blood, urine, amniotic
fluid, and placental tissue of women with pre-eclampsia and normal pregnant women

PHENOTYPIC DATA
Normotensive Woman

Screening Number

Name s
Date ofbirth ... [, /
Age yrs

Parity e,

Address s

Telephone number
Hospital number
ANC Clinic number ..

PHC CHNIC NUMDBET e Name

D ata Protection and Confidentiality After completion ofthis page, ensure that the subject study
number is entered on all pages of this booklet. Then detach this page and store separately from

the remainder of the booklet.
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Screening Number /
Date of entry to study

Date on consent form

Inclusion Criteria

No hypertension of > 140/90 mmHg on
Two occasions within 6h apart

No proteinuria of > 1 in urine-protein
Heat coagulation test

Exclusion criteria

Known risk factors
(renal disease, chronic disease, persistent proteinuria)

Essential hypertension requiring medication

Deep vein thrombosis/pulmonary embolism
Ischemic heart disease

Cerebrovascular accidents

Insulin/non insulin dependent diabetes mellitus
Diabetes and gestational diabetes

Body mass index >30 kg/m2

Multiple gestations

Long term steroid use

Endocrine disorders

Valvular heart disease

Multiple vaginal examinations

Premature rupture of membranes

Past medical & surgical history
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Screening Number /

ANTE-NATAL BOOKING

Date of booking - -

Maternal weight Maternal height
in kilograms ‘ In metres

Body Mass Index (Weight in Kg/Height in Meters?2)

Dates:

LMP _ -

Gestation by dates weeks days
SCAN

Date of first scan - -

POA Dby the date of first scan

EDD byscan WeeksS...... ... days

Gestation by scan weekS......ue.e. days

Blood pressure at booking:

Systolic mm Hg
Diastolic mm Hg
Urinary protein 0. Negative or trace

1. Not performed or result unknown

2->(+)

MSU culture 0. Negative/not performed/results unknown

1. Urinary tract infection

313



Screening Number /

PREGNANCY OUTCOME

Date of delivery

Gestation at delivery weeks days

Calculated from gestation at diagnosis

Reason for caesarean section

SAMPLING RECORD- for DNA extraction

Venous blood
Amniotic fluid
Urinary sample

Placental tissue

COMMENTS

Record reasons for missing data and any additional relevant comments, including any
intervention trials in which the subject participated during this study. ENSURE THAT
ANONYMITY IS PRESERVED.

The booklet should be signed when ALL available data have been entered and cross checked with relevant data
recorded elsewhere in this booklet and in the phenotyping booklets for the mother of the affected woman and the
index affected baby

Signed Date

Investigator/Research Assistant
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7.6.6 Data collection form- Baby

Study number........ccooiiiiiie,

A comparative study of viruses, bacteria and fungi present in blood, urine, amniotic
fluid, and placental tissue of women with pre-eclampsia and normal pregnant women

PHENOTYPIC DATA
Baby of Pre-eclamptic or Normotensive pregnant woman

Screening Number

Name

Address

Telephone number ...
Hospital number ...

Date ofbirth ... [ /

Data Protection and ConfidentialitAfter completion of this page, ensure that the subject study
number is entered on all pages of this booklet. Then detach this page and store separately from
the remainder of the booklet.
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Screening Number

/

Gestational age at birth weeks days
Sex 0. Male

1. Female
Baby’s weight in kilograms
Live birth 0 o No 1. Yes
Apgar score at birth Record 1to 10
Admitted to SCBU 0. No EkYes

COMMENTS

Record reasons for missing data and any additional relevant comment: ENSURE THAT
ANONYMITY IS PRESERVED.

Signed. Date.
Investigator/ Research Assistant
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Innovations in Obstetrics and Gynecology
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