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Introduction:-

Down Syndrome (DS) (MIM 190685) is a type of mental retardation caused by extra genetic material of
chromosome 21. This is due to a process called nondisjunction (NDJ), resulting in trisomy 21. The estimated
incidence of DS is between 1 in 1,000 to 1 in 1,100 live births worldwide (WHO, 2015). In the majority of these
cases the errors occur during maternal oogenesis (Antonarakis, 1991; Freeman et al., 2007), predominantly at
meiosis | (MI) (Antonarakis, 1992; Sherman et al., 2007). Oogenesis is a lengthy process and involves meiotic
arrest, which makes it more susceptible to malsegregation of chromosomes than spermatogenesis (Oliver et al.,
2008).
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Advanced maternal age, advanced maternal grandmother age and altered recombination (Yoon et.al, 1996, Malini
et.al, 2006, Oliver et al., 2008, Gosh et.al, 2009) are the major established risk factors for DS. Advances in mother
age will bring swift degradation of cellular proteins involved in spindle formation, sister chromatid cohesion or
anaphase separation of sister chromatids in oocytes (Hawley et al., 1994, Wolstenholme and Angell, 2000), which
force the risk of nondisjunction (NDJ) both at MI and MII (Yoon et al., 1996).

Recombination, an important process in the fetal ovary, as it stabilizes the tetrad and helps in proper separation of
chromatids to opposite poles. This is a random process and it may be absent even in euplod populations (Cheung et
al, 2007). It has been shown that nondisjoined chromosomes often show altered patterns of recombination and
location (MacDonald et al., 1994; Hassold et al., 1995; Koehler et al, 1996b). For trisomy 21, with reference to
recombination errors, researchers have previously observed that single telomeric exchange as risk factor for NDJ
regardless of maternal age (Lamb et.al, 2005, Oliver et.al, 2008, Ghosh et.al, 2010, Vranekovic et.al, 2012). These
investigations were reported in different ethnic backgrounds and conclude the role of recombination errors in NDJ
causing DS. Hence, here we present a similar study on recombination errors to verify its role in NDJ in south Indian
ethnicity. Our present investigation reports the recombination profile in association with maternal age in South
Indian population and is of particular importance as the population is very diverse and has higher inbreeding
frequency.

Materials and methods:-

The present investigation includes 145 families with DS kids and 130 families with normal kids. Ethical clearance
was obtained from Institutional Human Ethical Committee (IHEC), University of Mysore. All the Subjects for the
study were recruited from Cheluvamba hospital and J.S.S Hospital, Pediatrics Department, Mysore and all
participants were recruited after informed written consent. The study was conducted for a period of three years from
2012-2015.

Criteria for sample collection:-

Clinical data from the pediatricians and assessment of characteristic features of DS helped in enrolling the DS
mothers. Kids of the enrolled DS mothers were subjected for Karyotyping. Only those mothers of the kids with
confirmed free trisomy of chromosome 21 by karyotype analysis were selected for the study.

Blood Sample Collection and Genomic DNA isolation:-

5ml of peripheral venous blood was collected in EDTA vacutainer from the DS families which include father,
mother and their progeny with DS. Genomic DNA was isolated using Promega Wizard® Genomic DNA purification
kit and quantified using spectrophotometer to know the concentration of the individual sample. All the DNA
samples were used for further downstream PCR process.

Detection of stage of meiotic nondisjunction and crossover events:-

The obtained samples were genotyped by STR markers specific to chromosome 21 (Figure 1). Three
pericentromeric markers D21S369, D21S215 and D21S258, were used to infer the stage of NDJ (Meiosis I- MI or
Meiosis II-MII). If parental heterozygosity was retained in the trisomic child at the centromeric markers, we
considered the case to be of Ml origin. If parental heterozygosity was reduced to homozygosity, we interpreted this
as an MII origin. MIl events with no evidence of recombination were considered to be mitotic errors and were
excluded, as described by Lamb et al., 2005 and Oliver et al., 2008.

Another 11 STR markers were used to divide 21q into intervals to monitor the exchange events. After genotyping,
the status of each marker was recorded as Non-reduced, reduced, partially informative and uninformative.

Statistical analysis:-

We performed Chi-square tests of independence and linear regression analysis for our data sets to analyze two
aspects of our study- 1) Amount of recombination and 2) position of recombination. We divided families into three
groups based on maternal age at the time of the trisomic birth: young (<27 years), middle (27 —34years) and old
(=34 years). To examine locations of recombination events by age we performed simple linear regressions of the
location (scored as the interval number) on the maternal age.
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Results:-

Study population:-

The population under investigation includes 145 mothers of DS and 130 mothers of normal kids. The parental origin
of the segregation error was determined by detecting the contribution of parental alleles to the offspring for multiple
markers. We have reported only the cases with maternal meiotic errors. Of these, 117 (80.68%) cases were
originated from Meiosis | (MI) and 28 (19.32%) cases from Meiosis 1l (MII) (Table 1).

Analysis of recombination profile:-
We made two categories, Ml and M|, in order to analyze the recombination profile in these different stages.

Maternal age and MI errors:-

The data from our study indicated ‘absence of recombination’ to be higher when compared to single exchange
events and multiple exchange events regardless of maternal age. Younger age group mothers were under hammer as
this group showed higher frequency of zero exchange/‘absence of recombination’ and multiple exchange events
when compared to other age groups (Table 2). To test its significance, chi square analysis was performed for
younger group mothers against middle age group (P=0.03) and old age group mothers (P=0.04) which was found to
be significant. While the control group showed single exchange event to be higher in frequency indicating single
recombination facilitates proper segregation of chromosomes.

Further, placement of these recombination events was observed which pointed ‘exchange events’ were placed in
telomeric region in young age group mothers when compared with middle age and old age group which showed
centromeric placed exchanges (Table 3).

Maternal age and Ml errors:-

We initiated the analysis of MII errors by following the same procedures of MI errors. MII with ‘absence of
recombination’ were assumed to be post-zygotic, mitotic errors and were excluded from these analyses. Our data
interprets young age mothers had higher frequency of multiple recombination events (35%) and were at greater risk
of giving birth to DS. The frequency of ‘multiple recombination events’ reduced as the age increases i.e. middle age
group (32%) and old age group (12%). When this event was compared with young mothers of control group and Ml
error group, reduction of multiple exchange events was observed. This indicates ‘multiple exchange events’ as a
potential risk factor for young mothers of DS in Ml errors (Table 2).

In Ml errors, placement of recombination events in all the maternal age groups was observed in centromeric region
(Figure 2). Linear regression analysis was performed for recombination events with maternal age as predictor, only
young mother age group showed significant association (p=0.004). Linear regression was performed for each group
and the results did not yield any significance (Table 4).

The present investigation indicated mothers of DS in younger age group was associated with recombination errors in
causing NDJ leading to DS. The results also indicated similar pattern of recombination events i.e. ‘absence of
recombination’, ‘multiple exchange event’ and telomeric exchange as susceptible factors indicated in previous
studies and plays a role in NDJ. No deviation in recombination event and patterns was observed in south Indian
population when compared with previous studies in different geographical area and our data supports the previous
studies.

Consanguineous marriage and rate of DS:-

The overall rate of consanguineous marriage from our investigation was found to be 37.16% in cases and only 7% in
controls. This indicates the higher proportion consanguineous marriages in this part of world. Young and middle
age mothers of DS had higher frequency of consanguineous marriage, whereas older mother group didn’t showed
higher rate of consanguinity (Table 2). However, no significance (P=1.66) was observed when chi square was
applied for this data.

Discussion:-

Down syndrome (DS) is one of the most common chromosomal abnormalities causing mental retardation and is of
major public health concern. DS is caused due to NDJ of chromosome 21 occurring during maternal meiotic

624



ISSN: 2320-5407 Int. J. Adv. Res. 4(8), 622-629

division (~90%). Errors occur more frequently in the first maternal meiotic division than the second (73% vs
25%) (Antonarakis et al., 1992; Yoon et al., 1996; Hassold and Sherman, 2000)

Even after decades of research on DS, causes for NDJ of chromosome 21 are poorly understood. The only well
established factors of NDJ of chromosome 21 are maternal age, advanced grandmother age (Malini et al, 2006 and
Allen et al, 2009) and altered recombination (Lamb et al, 2005; Sherman et al, 2006; Oliver et al 2009). Altered
genetic recombination has been identified as the first molecular correlate of chromosome NDJ in both humans and
model organisms. Little evidence has emerged to link maternal age long recognized as the primary risk factor for
NDJ with altered recombination, although some studies have provided hints of such a relationship (Lamb et al,
2005, Oliver et al, 2009). Researchers have also tried to look into genome wide recombination dysregulation
(Middlebrooks et.al, 2014), recombination associated hotspots (Oliver et.al, 2014); structural variations such as copy
number variations (CNVs) for causing aneuploidy (Suresh et. al, 2015, in press) but maternal age, advanced
grandmother age and altered recombination emerge as important ones. The present investigation was taken up to
provide further insights into the established factors, we present a case-control study on NDJ of DS based on
recombination errors. The study was specific to South Indian population and is of particular importance as
consanguineous marriages and inbreeding are high in this region.

In the present investigation, our focus was on meiosis occurring in the advancing oocyte. Several meiotic proteins
that function to promote proper chromosome segregation have been shown to degrade with increasing age (Baker
et.al, 2004, Steuerwald et.al, 2001). This degradation is assumed to lead to increased frequency of NDJ; thus, more
maternal-age related risk factors for NDJ exist among older women compared to younger women. Our analysis
compared the predisposing recombination patterns among the oocytes with nondisjoined events by maternal age.

As recombination plays a major role in meiosis process to facilitate proper alignment of homologous chromosomes,
any variations in the recombination will hamper the above process. Hence, our analysis begins with the
identification of amount of recombination specific to chromosome 21 in cases and control mothers.

We started our present investigation by identifying the stage of origin for NDJ in DS using specific STR markers.
Once the origin i.e. either meiosis | error (MI) or meiosis Il error (MI1) were determined, we calculated the amount
of recombination in each meiotic outcome group stratified by maternal age (young, middle and old age). Ml
outcome group showed two major findings. The first finding i.e. absence of recombination to be significantly higher
(64%) (Table 2) when compared to single or multiple exchanges. This reveals in the absence of the exchange event,
homologous chromosomes are at risk for malsegregation during MI and the second finding showed presence of
telomere exchange in young mothers with DS. In contrast to the younger mothers, the DS mothers with older age
group showed lesser percent (51%) absence of recombination and the crossover took place in the centromeric region
(Figure 2) and showed significant linear shift (p=0.004). our data for MI errors hypothesizes that distally placed
chiasmata appear to impose susceptibility for chromosomal malsegregation irrespective of age and Supports same
hypothesis made among model organisms (Zetka and Ross, 1995; Koehler et al., 1996a; Ross et al., 1996). Distally
placed single chiasma links the homologues less efficiently due to recruitment of a minimum amount of sister
chromatid cohesion complex which prevents the bi orientation and subsequent separation of homologues on the
meiotic spindle (Hawley et al., 1994; Koehler et al., 1996b; Orr-Weaver, 1996). Alternatively, the integrity of the
chiasma may be compromised when a minimal amount of cohesin remains to hold homologues together. Thus,
bivalents may act as a pair of functional univalents during Ml, as has been observed in human oocytes (Angell 1995,
Angell et.al, 1994).

In meiosis Il (MII) errors multiple recombination events were higher (35%) in young mothers, while the middle age
women (32%) and old age women (12%) with DS kids showed decrease frequency in these events (Table 2). These
data supports ‘multiple recombinations’ as one of the risk factors in causing NDJ by Oliver et.al, (2012). The
location of these exchange events were placed more in centromeric and pericentomeric region in all the age group.
This indicated possible shift of crossover event from telomeric region to centromeric region in younger mother
group and was found statistically significant (Figure 2).

The control samples in our study showed less multiple recombination events, where as absence of recombination

was lesser than that of the case groups. The recombination events took place more in centromeric region signifying
crossover events in centromeric region for normal disjoining of chromosomes.
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The present investigation displays the effect of recombination errors and its placement in younger mothers as one of
major factors in causing NDJ. In conclusion, our examination reveals recombination errors, recombination pattern
and ‘young’ maternal age plays a major role in chromosomal NDJ and can act as predisposing factors for NDJ of
chromosome 21 leading to Down syndrome.
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Figure legends:-

PHYSICAL LOCATIONS (bp) Q STR MARKERS
D21S369
13667220 m——
D21S2055
1 D21S215
D21S258
17137386 D215120

2 D21S1884

23735731
3 D21S265
30122098
4 D215226
38649899
D21S227
5
43060685
6  D21S1890
D2151446
46862013

Figure 1: STR markers used determine parental origin, stage of nondisjunction and recombination profile with their
physical location on chromosome 21.
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Placement of recombination in mothers of DS based on intervals and their age group
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Figure 2: Maternal age stratified crossover events specific to chromosome 21 in meiosis | and meiosis 1l stages and
their comparison with case and control samples.

Tables:-

Supplementary Table 1: STR markers used in the study with their primer sequence information.

STR MARKERS

PRIMER SEQUENCE

D21S11 GTGAGTCAATTCCCCAAG (F)
GTTGTATTAGTCAATGTTCTCC (R)
D21S2055 AACAGAAACCAATAGGCTATCTTATC (F)
TACAGTAAATCACTTGGTAGGAGA (R)
D21S171 GATCAAGTTAAGAGGAGGCT (F)
GTGGGCTGCTGCTATCTTTG (R)
D21S215 GCTGACGTGACAGTTGTGAG (F)
TCTAAAACAGTGTGTCTAGC (R)
D21S120 GTGTGTCTGCCATTTCTGGGTGTAG (F)
GATCCTGGGACAAAGTAGTCTCTAA (R)
D21S1414 GGCACCCAGTAAAAAATTACT (F)
CTGTCTGTCTGTCTGTCTATC (R)
D21S1446 ACCATCTTACTGGTTTATGTAT (F)
GTCCCAAAGGACCTGCTC (R)
D21S1890 GGTCTGACCACAGATTTCC (F)
AAAAACACTCTGAACGATTAAGG (R)
D21S267 GGGGATTATTTATGTAGAAAATGAGA(F)
GGTGACAGACCCTGTCTCTAAAA(R)
D21S226 AGCTAAATGTCTGTAGTTATT(F)
GGAAACCACTCTAAGACATA(R)
D21S265 GGGTAAGAAGGTGCTTAATGCTC(F)
TGAATATGGGTTCTGGATGTAGTG(R)
D2151884 TGATGCAAAAAATTATTGATAAC(F)

GATGTGAATACAGGCAGATG(R)
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Table 1: Number of individuals under the study in maternal age stratified meiotic stage errors in DS mothers

SI.No Age group Maternal meiosis I | Maternal meiosis 11 Total
1 Young age 55 (47%) 9 (32.14%) 64 (44.13%)
(<26 years)
Middle age 22 (18.80%) 11 (39.28%) 33 (22.75%)
2 (27-33 years)
3 Old age 40 (34.20) 8 (28.57%) 48 (33.10%)
(>34 years)
Total 117 (80.68%) 28 (19.32%) 145

Table 2: Frequency distribution of observed recombination events for maternally derived nondisjunction groups
among different maternal age groups

Recombinant frequency observed

Meiotic outcome group | Maternal Age Quartile | Sample Size | Consanguineous 0 1 >2
marriages (%)

Young (<26 years) 55 21 (41.17) 0.64 0.2 | 0.16

MI Middle (27-33 years) 22 08 (36.36) 0.6 0.3 0.1
Old (>34 years) 40 13 (32.5) 0.51 0.42 | 0.07
Young (<26 years) 9 04 (44.44) - 0.65 | 0.35
MII Middle (27-33 years) 11 06 (54.54) - 0.68 | 0.32
Old (>34 years) 8 03 (37.5) - 0.88 | 0.12
Young (<26 years) 57 06 (10.52) 0.50 0.46 | 0.03
CONTROLS Middle (27-33 years) 42 03 (7.14) 0.59 0.36 | 0.04
Old (>34 years) 31 - 0.58 0.35 | 0.06

Table 3: Distribution of crossover for each meiotic outcome group on chromosome 21 based on intervals stratified
by maternal age

Meiotic outcome group | Maternal age quartile Interval location of inferred exchange
1 2 3 4 5 6
Young(<26 years) 0.1 0.05 0.05 0.15 0.25 0.4
Ml Middle(27-33 Years) 0.11 0.22 0 0.11 0.33 0.22
Old(>34 years) 0.05 0.15 0.1 0.25 0.4 0.05
Young (<26 years) 0.44 0.33 0.11 0.11 0 0
MII Middle (27-33 Years) 0.09 0.18 0.27 0.27 0.18 0
Old (>34 years) 0.25 0.37 0.25 0.12 0 0
Young (<26 years) 0.11 0.05 0.17 0.29 0.23 0.11
CONTROL Middle (27-33 Years) 0.07 0.3 0.3 0.15 0.07 0.07
Old (>34 years) 0.15 0.23 0.3 0.23 0.07 0

Table 4: Linear regression analysis performed for maternal age groups and their P values.

Young vs Middle | Young vs Old | Control vs Young | Control vs Middle | Control vs old
Standard Error | 0.4043 0.3982 2.3209 1.9127 0.8706
t Stat 14,7215 13.4394 1.1732 2.3930 5.9722
P-value 0.0006 0.0008 0.3253 0.0964 0.0093
Lower 95% 4.6660 4.0849 -4.6631 -1.5099 2.4290
Upper 95% 7.2397 6.6198 10.1094 10.6648 7.9709
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