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Abstract. India has a large heterogeneous population with its unique social and genetic characteristics. Tradition of marriage between
speciﬁc caste groups have produced unique characteristics to the mutation spectrum of genetic disorders and may be a higher prevalence of
autosomal recessive (AR) disorders in some communities. We observed that in many nonconsanguineous families with rare autosomal
disorders, maternally and paternally inherited mutations are same, indicating common ancestor. In this era of genomic techniques, ﬁnding
homozygous regions have become easy. It was seen that the patients with AR disorders, who were homozygous for the disease causing
pathogenic / likely pathogenic variations, have large stretches (0.6–188 Mb) of homozygosity around the causative sequence variations.
SNP microarray data of patients from consanguineous and nonconsanguineous families also showed that even patients from nonconsanguineous families had 3–49 Mb size regions of homozygosity. Long stretches of homozygosity around homozygous rare pathogenic
variants in nonconsanguineous families with rare AR disorders supports the notion that these couples may have a common ancestor for
more than six generations and the system of marriages between same groups. Hence, using the strategy of homozygosity by descent even in
nonconsanguineous families can be fruitful in identifying the novel pathogenic variations and novel genes.
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Introduction
In India, the custom of marriage among the same caste
groups has been followed for ages. We have seen that for
many rare autosomal recessive (AR) disorders, the affected
individuals are homozygous for rare disease causing pathogenic variations, suggesting effects of inbreeding (Dalal
et al. 2012; Bidchol et al. 2014; Ankala et al. 2015; Bhavani
et al. 2016; Mandal et al. 2016). Hence, we analysed the
exome sequencing data of cases with pathogenic / likely
pathogenic sequence variations for AR disorders in
homozygous regions around the causative sequence variations. Consanguinity may lead to slightly increased possibility of AR disorders in the offspring and is more frequent
in families with rare genetic disorders (table 1). In the era of
genomic tools, consanguinity is a major asset for diagnostics
and research of AR disorders. Presence of causative disease,
causing genetic variations in homozygous forms in nonconsanguineous families suggest that the homozygositybased strategy can be suitable for analysis of next-generation

sequencing-based testing even in nonconsanguineous families of AR disorders.

Materials and methods
The published literature on mutation data of Indian patients
with rare AR disorders was searched. The Morquio disease,
Hurler syndrome (mucopolysaccharidosis I), pycnodysostosis, progressive pseudorheumatoid arthritis of childhood
(PPAC) and multinodular osteolysis with nodular arthropathy
(MONA) were chosen for assessing the magnitude of
homozygous disease-causing sequence variations in probands
from nonconsanguineous families. These ﬁve disorders were
chosen to represent the magnitude of homozygous diseasecausing sequence variations in rare AR disorders. The reason
behind choosing these ﬁve disorders is that these are large
series of mutation data in Indian patients with AR disorders.
The data of exome sequencing performed for AR disorders was reanalysed and the regions of homozygosity around
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Table 1. Comparison of consanguineous parents of a common
disorder, beta thalassaemia major as compared to that of other AR
disorders.
Thalassaemia major
(%)

Other AR disorders
(%)

10.7
89.3

26.6
73.4

Consanguineous
Nonconsanguineous

Table 3. Stretches of homozygosity around the homozygous
pathogenic variations.
Consanguinity, in
families with
homozygous pathogenic
variation

Pathogenic
variation
identiﬁed

Consanguinity Number Known Novel
Yes
No

the homozygous causative pathogenic sequence variations
from consanguineous and nonconsanguineous families were
studied for their sizes. Similarly, the data of another 100
cases of SNP microarray (done for patient diagnosis) was
analysed. This included 50 cases each from consanguineous
and nonconsanguineous families. The regions of homozygosity (ROH) were noted for all. The data were compiled
and compared.

Results
In a large series of Morquio disease, 58 of the 68 probands
were homozygous, while consanguinity was present only in
40 cases. Similarly, for the pycnodysostosis, 11 of the 12
probands from nonconsanguineous families were homozygous. A similar situation was for progressive pseudorheumatoid arthritis of childhood (PPAC) and MONA,
respectively, i.e. eight of nine cases of nonconsanguineous
families were homozygous for disease causing variations.
The representative data of homozygous pathogenic variations of rare AR disorders in Indian patients is shown in
table 2.
The data from exome sequencing performed for AR disorders was serched for identiﬁcation of pathogenic or likely
pathogenic sequence variations. All the 24 cases with AR
disorders from consanguineous families were homozygous
for the disease-causing pathogenic or likely pathogenic
variations (12 of 24 being novel variations) and had large
stretches of homozygosity (average, 77.2 Mb; range,

24
13

12
4

12
9

Stretches of
homozygosity around
the homozygous
pathogenic variation
Average
(Mb)

Range
(Mb)

77.2
27.9

5–271
0.6–188

5–271 Mb) around the disease-causing pathogenic or likely
pathogenic variations (table 3). For AR disorders from
nonconsanguineous families, the disease-causing variations
were homozygous in 13 (nine being novel) of 19 cases and
six were compound heterozygous. In the cases with
homozygous pathogenic variations from nonconsanguineous
families, there were stretches of homozygosity around the
causative sequence variations (average, 27.9 Mb; range
0.6–188 Mb).
We also reviewed our data of SNP microarray of cases
from 50 consanguineous and 50 nonconsanguineous families
(table 4). In cases born to consanguineous parents, the sizes
of ROH were 28–770 Mb (average 251.44 Mb, i.e. 8.75% of
genome per case; range from 0.97 to 26.78% of total genome). Although the third degree consanguinity is the common form of consanguinity, many families have
consanguineous marriages in previous generations as well
leading to homozygosity of more than 10% of the genome.
In cases born to nonconsanguineous parents, the sizes of
ROH regions varied from 3 to 49 Mb (0.10–1.7% of total
genome; average 0.74%). Twenty-six cases had runs of
homozygosity stretching more than 5 Mb, while 24 cases
did not have any region of homozygosity in more than
5 Mb. Although 56% cases had ROH regions more than
5 Mb, eight of 26 had more than 1% genome with ROH (up
to 1.7%). It is noteworthy that 17 of 50 probands have ROH
more than 0.78% of the genome. ROH of 0.78% correspond
to consanguineous marriages of second cousins once

Table 2. Representative data from Indian patients with pathogenic and likely pathogenic sequence variations (mutations) in AR disorders.
Consanguineous
AR disorder

Probands with mutations
(homozygous mutations)

Morquio disease - MPS IV A
Mucopolysaccharidosis I
PPAC
Pycnodysostosis

68
30
25
22

(56)
(25)
(24)
(21)

MONA

11 (11)

Yes

No

Percentage of homozygous
mutations in probands from
nonconsanguineous families

28
19
15
10

(41.2%)
(63.3%)
(60%)
(45.5%)

40
11
9
12

28/40 (70%)
6/11 (54.6%)
8/9 (88.9%)
11/12 (91.7%)

7 (63.6%)

4

4/4 (100%)

References
Bidchol et al. (2014)
Uttarilli et al. (2016)
Dalal et al. (2012)
Mandal et al. (2016)
and present data
Mandal et al. (2016)
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Table 4. ROH in SNP microarray data of individuals born to consanguineous and nonconsanguineous parents.
Total runs of homozygosity (range)
Cases with ROH regions of sizes more than 5 Mb
Consanguinity
(number)
Average (Mb) Percentage of genome* Total ROH (range) (Mb) No. of cases
No. of stretches more than 5 Mb
Yes (50)
No (50)

251.44
21.52

8.5% (0.97–26.78%)
0.74% (0.10–1.7%)

28–770
3–49

50
28

11.59 (1–25)
2.33 (1–15)

*Taking genome size as 3x109bp.

removed. Two of the 50 cases from nonconsanguineous
families had ROH more than 1.58% of genome, which is
equivalent to inbreeding coefﬁcient of marriages between
second cousins.

Discussion
Table 2 shows the data of consanguinity and disease-causing
sequence variations in series of Indian patients with ﬁve rare
AR diseases. The percentage of probands from consanguineous families vary from 41.2 to 63.6. Published literature for various AR disorders from India show that even in
nonconsanguineous families, the homozygosity is very high.
For example, in case of Mucopolysaccharidosis I, 54.6%
probands were from nonconsanguineous families (Uttarilli
et al. 2016) and for MONA, 100% probands were from
nonconsanguineous families as reported by Mandal et al.
2016. This lead us to look at the exome sequencing data of
the cases with rare AR disorders. Of the 43 cases with AR
disorders in whom the causative sequence variation was
detected by exome sequencing, 24 were from consanguineous families. In 19 probands of nonconsanguineous
families, 68.4% (13/19) were homozygous for the diseasecausing sequence variation and six were compound
heterozygotes. The average length of stretches of homozygosity around the homozygous pathogenic variations in
these probands from nonconsanguineous families was
27.9 Mb as against 77.2 Mb in consanguineous families.
This suggests that the pathogenic sequence variations
inherited from nonconsanguineous parents had also probably
originated from a founder ancestor. Likely, this could be
explained as the most of the marriages in India are among
speciﬁc caste groups and this leads to inbreeding. This
suggests that even in many nonconsanguineous marriages,
the partners share a signiﬁcant part of their genomes. To look
at this issue, we looked at the SNP data of SNP microarray
performed in 100 different samples. The ROH in probands
from consanguineous and nonconsanguineous families were
between 251.44 Mb and 21.52 Mb, respectively. This means
that the 0.74% of genome (0.10–1.7%) sharing was present
in nonconsanguineous families. Second cousins once
removed have 0.78% of their genomes common. In our data,
17 of 50 probands from nonconsanguineous families had
ROH more than 22.4 Mb. This is equivalent to 0.78% of the
genome and is seen in marriages between second cousins

once removed. In two of 50 probands from nonconsanguineous families, ROH region was 1.56%, which is
equivalent to inbreeding coefﬁcient of second cousins.
Although the possibility of some families being unaware of
consanguinity or have not purposefully shared the information cannot be totally ruled out; these results support the
presence of inbreeding over generations, does lead to a lot of
sharing of genome and homozygosity for mutations inherited from common ancestors.
In conclusion, the study documents long stretches of
homozygosity around homozygous rare pathogenic variants in probands from nonconsanguineous families. The
SNP microarray data also shows large ROH suggestive of
common ancestors even in nonconsanguineous families. It
supports the notion that due to the system of marriages
between closed groups (castes) many disease causing
genetic variations are passed over generations from the
common ancestors and manifest in homozygous form in
rare AR disorders in nonconsanguineous families in India.
This supports the notion that using the strategy of
homozygosity by descent even in nonconsanguineous
families can be fruitful in identifying the novel pathogenic
variations and novel genes.
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