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Abstract 
Objective: To analyse the symptoms of Bardet-Biedl Syndrome, and to check the association of BBS10 (Bardet-Biedl 
syndrome 10 gene), BBS6 (Bardet-Biedl syndrome 6 gene) and BBS12 (Bardet-Biedl syndrome 12 gene) with the 
pathogenesis of Bardet-Biedl Syndrome. 
Method: The case-control study was conducted in Karachi in 2019-20, and comprised Bardet-Biedl Syndrome 
patients and healthy controls from the same family. Blood was drawn from all the subjects for deoxyribonucleic acid 
extraction. Genotyping was performed by conventional and tetra primer amplification refractory mutation system 
polymerase chain reaction (T-ARMS-PCR) to identify the possible genetic variations. To validate the results, samples 
were randomly selected and sent for sequencing. Data was analysed using SPSS 20, while sequencing data was 
analysed using the Molecular Evolutionary Genetics Analysis X software. 
Results: Of the 20 subjects with mean age 15.8+/-5.09 years (range: 9-25 years), 8(40%) were cases and 12(60%) 
were controls. The male-to-female ratio was 1:1. Pedigree analysis revealed that the pattern of inheritance was 
autosomal recessive. All the 8(100%) cases were obese compared to the controls. Truncal obesity, polydactyly, 
learning impairment and dysmorphic features, renal pain, olfactory dysfunction, respiratory tract infection and 
dysphasia were observed in all the 8(100%) cases. The globally reported genetic variants of BBS10 (rs1057516628 
and rs1489342987) and BBS12 (rs121918327 and rs587777802) did not indicate any association with the clinical 
phenotype in the family concerned. The genetic variations of BBS6 (rs1547, rs1545 and rs1351192494), BBS12 
(rs309370, rs2292493) and a BBS10 variant (rs35676114) had significant association with the disease. 
Conclusion: The genetic variations showed confounding effects of BBS10, BBS6 and BBS12 genes which might 
indicate the epistatic effects of other variants present on different loci. 
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Introduction 
Bardet-Biedl Syndrome (BBS) is an autosomal recessive 
pleiotropic disorder. Since it is a rare medical condition, its 
prevalence varies across the world. With a higher rate in 
populations where consanguineous marriages are more 
common, like in Newfoundland and Kuwait, it was 
reported to be 1:18,000 in Newfoundland and 1:13,500 is 
Kuwai.1,2 However, limited data is available from Pakistan 
regarding BBS. So far, only a limited number of families 
have been reported from different areas of Pakistan, 
including Punjab, Dera Ismail Khan and other regions.3-5 
One study reported 4 families suffering from classical BBS 
and one from a BBS-like phenotype.6 Another study 
reported two Pakistani families suffering from BBS.7 

Structural or functional defects in cilia may result in BBS. 
Cilia are responsible for cell motility and sensory 
reception, and they are involved in developmental 
signalling.8 Malfunctioning cilia may result in the 
manifestation of several diseases and developmental 
disorders. Ciliary deficits affect multiple organs, including 
eye, limbs, kidney, liver and pancreas. Additionally, 
malfunctioning cilia can also affect odontoblasts, retinal 
photoreceptors and hypothalamic neurons.9 

Symptoms of BBS are highly variable, including retinal 
degeneration, truncal obesity, polydactyly, reduced renal 
functions and genital abnormalities, in both genders.10 

The criteria of diagnosis are based on the presence of 
miscellaneous primary and secondary features.11 Primary 
features include polydactyly, rod con dystrophy, obesity, 
genital and renal abnormalities, and difficulty in learning. 
Developmental and speech delay, congenital heart 
diseases, diabetes, brachydactyly, dental abnormalities, 
anosmia and ataxia are considered secondary features.12 

BBS symptoms are quite diverse as individuals who carry 
the same genotypes manifest symptoms differently.13 
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However, it has been reported that a correlation does 
exist between genotype and phenotype population-wise, 
but it is difficult to correctly predict the individual 
symptomatic manifestations.14 

Mutations/variations in BBS genes have been reported to 
play an important role in the progression of this 
syndrome. It has been reported that BBS6, BBS10 and 
BBS12, which encode chaperonin-like proteins, are crucial 
to assembling the Bardet-Biedl Syndrome protein 
complex (BBSome complex) which plays a fundamental 
role in ciliary trafficking.15 Multiple studies have reported 
that a significant number of clinically-diagnosed BBS 
families displayed variations in these genes compared to 
the other genes of the BBSome complex, which elucidates 
the importance of dysfunction in chaperonin proteins as 
pathogenic factors causing BBS.16,17 

The current study was planned to analyse BBS symptoms, 
and to check the association of BBS10, BBS6 and BBS12 
with BBS pathogenesis. 

Patients and Methods 
The case-control study was conducted in Karachi in 2019-
20, and comprised BBS patients and healthy controls from 
the same family. Two individuals had been clinically 
diagnosed with BBS in a local tertiary care hospital, and 
they were later identified as probands of a family having 
eight individuals suffering from BBS. The family was the 
resident of Sakru village in the Sindh province. After 
approval from the institutional ethics review committees 
of the Dr A.Q. Khan Institute of Biotechnology and Genetic 
Engineering (KIBGE), University of Karachi, and the Jinnah 
Postgraduate Medical Centre (JPMC), Karachi, the family 
was approached for sample recruitment. All individuals 
diagnosed with BBS were recruited as the cases, while the 
healthy individuals in the same family were recruited as 
the controls. The purpose of this study was explained to 
each participant, and informed consent was obtained. 
BBS was diagnosed on the basis of either the presence of 
4 primary, or 3 primary and 2 secondary features, with the 
criterion able to differentiate BBS from other overlapping 
phenotypic syndromes.11 

A comprehensive history of the disease was recorded in 
the data forms along with age, gender, blood pressure. 
The body mass index (BMI) was calculated for each 
subject, and, as per the BMI range for Asians, >23kg/m2 
was considered overweight and >25kg/m2 was 
considered obesity.18 According to the World Health 
Organization (WHO), cut-offs for BMI aged 0-19 years are 
gender-specific.19 

 For the purpose of genotyping, whole blood samples 

were collected in ethylenediaminetetraacetic acid (EDTA) 
vacutainers. 

Genomic deoxyribonucleic acid (DNA) was isolated 
through the standard phenol-chloroform extraction 
method. Genotyping was performed by conventional and 
T-ARMS-PCR to identify the possible genetic variations. 
The PCR amplicons were separated on agarose gel 
stained with 7μl of visualaNA (Molequle-On, New 
Zealand) and were later analysed on a gel documentation 
system (BIO-Rad, United States). To confirm the PCR 
results, a few samples were randomly genotyped again. 
For further validation of the obtained results, the 
amplified products were purified by using a PCR 
purification kit (Molequle-On, New Zealand) and sent for 
DNA sequencing. 

Data was analysed using SPSS 20 and Microsoft Excel. 
Sequences of all the samples were aligned and analysed 
using the Molecular Evolutionary Genetics Analysis 
(MEGA) X software. 

Results 
Of the 20 subjects with mean age 15.8+/-5.09 years 
(range: 9-25 years), 8(40%) were cases and 12(60%) were 
controls. The male-to-female ratio was 1:1. Among the 
cases, 3(37.5%) were aged 5-12 years, 2(25%) were aged 
12-18 years, and 3(37.5%) were aged >18 years. 

All the 4(100%) male cases had hypogonadism, while the 
female cases reported having irregular menstrual cycles. 
There were 5(62.5%) cases with dysphasia. Of the 4 female 
cases, 3(75%) had severe visual impairment. All the 
8(100%) patients reported olfactory dysfunction. History 
of respiratory tract infection was also reported by all the 
8(100%) cases. There were 4(50%) patients having asthma 
and chronic cough. The gait of the 8(100%) was 
suggestive of ataxia. 

With respect to the genotyping of BBS10 gene 
polymorphism, rs1057516628 was amplified through the 
conventional PCR method. The required product of 151bp 
was observed in all the 20(100%) samples. No genetic 
change in rs1057516628 was observed in any of the 
samples. The electropherogram further validated the 
findings (Figure 1a). 

As the amplification of rs1489342987 was performed 
through T-ARMS PCR, amplicons of different sizes were 
observed. None of the cases and controls showed the 
presence of homozygous TT genotype. The results were 
then confirmed through sequencing as well (Figure 1b). 
The amplicon generated by outer primers was sent for 
sequencing to check the presence of other single 
nucleotide polymorphisms (SNPs) located in that region. 



Results revealed the presence of rs35676114, a missense 
variant, present at the second exon of the BBS10. This 
variation resulted in the alteration in the genetic code 
from CCA to CTA. There were 2(25%) cases and 1(8.3%) 
control who were carriers of the CT heterozygous 
genotype (Figure 1c). 

With respect to the genotyping of BBS6 gene 
polymorphism, rs1547 was reported as a missense variant 
located on exon 6 of the BBS6 gene, resulting in the 

amino acid substitution of arginine with cysteine. Among 
the cases, 3(37.5%) showed C to T change (CT genotype) 
upon comparing the sequences with the reference 
sequence. There was 1(8.3%) individual in the control 
group who was a carrier of the TT homozygous genotype. 
These genetic changes were further validated for their 
heterozygosity or homozygosity by analysing the 
electropherograms (Figure 2a). 

The rs1545 missense variant results in the change of 
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Figure-1: The electropherograms and multiple sequence alignment representation of the targeted single nucleotide polymorphisms (SNPs) in BBS10 gene. (a): rs1057516628;              
(b): rs1489342987; (c): rs35676114.

Figure-2: The electropherograms and multiple sequence alignment representation of the targeted single nucleotide polymorphisms (SNPs) in BBS6 gene. (a): rs1547; (b): rs1545;       
(c): rs1351192494.



amino acid sequence by replacing Glycine with Valine at 
the 532nd position. Among the cases, 1(12.5%) was 
observed to be the carrier of heterozygous GT genotype 
upon examining the electropherogram. Also, 1(12.5%) 
control showed the variation of T in place of G in 
homozygous (TT) condition, with electropherogram 
analysis further validating the results (Figure 2b). 

SNP rs1351192494 was found within the sequence of 
rs1547 upon analysing the electropherogram. In 1(12.5%) 
of the cases the T nucleotide was substituted with A, and 
the case was considered heterozygous for this SNP, while 
in the remaining subjects, no variation was observed, and 
they were the carriers of TT genotype (Figure 2c). 

With respect to the genotyping of BBS12 gene 
polymorphism, rs121918327 was found on exon 2 of the 
BBS12 gene. During T-ARMS-PCR amplification of the 
variant, outer primers amplified that region were 
sequenced and the obtained results validated the results. 
No variation was observed, and all the 20(100%) subjects 
were carriers of homozygous CC genotype. The 
electropherograms further confirmed the results (Figure 
3a). 

The rs587777802, which is a frameshift mutation resulting 
from a two-base pair deletion, showed no variation, and it 
was further validated by electropherograms and multiple 

sequence alignment (Figure 3b). 

The rs309370, which is a missense variant in BBS12, 
showed no variation, and the DNA sequence analysis 
showed that all the 8(100%) cases were carrying the 
homozygous AA genotype. Among the controls, 2(16.6%) 
were carriers of the AA genotype, and 1(8.3%) was carrier 
of the AG genotype. None of the samples showed 
homozygous GG genotype (Figure 3c). 

Within the sequence of rs587777802, variation rs2292493 
was observed that was synonymous in nature and C/T 
variation. Among the controls, 1(8.3%) was the carrier of 
heterozygous CT genotype, while the rest of the sample 
was carrier of homozygous TT genotype (Figure 3d). 

Discussion 
BBS patients carrying the pathogenic variants in BBS6, 
BBS10 and BBS12 genes have been observed to 
demonstrate more profound clinical features than in 
other genes encoding the BBSome complex.17 
Additionally, it has also been speculated that 
abnormalities in the chaperonin-like genes cause the 
early onset of BBS. The present study was designed to 
screen the selected family for variants present in BBS10, 
BBS6, and BBS12 genes. 

BBS10 belongs to chaperones that play an important role 
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Figure-3: The electropherograms and multiple sequence alignment representation of the targeted single nucleotide polymorphisms (SNPs) in BBS12 gene. (a): rs121918327; (b): 
rs587777802; (c): rs309370; (d): rs2292493.
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in protein folding as well as in regulating their activities. 
BBS10 protein is present at the basal body of the primary 
cilium in distinguished preadipocytes. In cultured cells, a 
deficiency of proteins (BBS6, BBS10 and BBS12) has been 
suggested as the primary cause of non-functional 
BBSome assembly.20 A frameshift caused by 
rs1057516628 (BBS10 variation) may cause premature 
termination at the subsequent fourth amino acid. It was 
reported in a Pakistani family of Punjabi ethnicity.3 
However, no variation was observed in the focused family 
of the present study, suggesting the probability of ethnic 
variability.4 Another studied SNP rs1489342987 (missense 
variant) changes the codon from CCT to CTT and results in 
the substitution of proline with leucine. Proline has been 
suggested to be a helix breaker, and another branched-
chain amino acid, leucine, may induce conformational 
changes, thereby disrupting the BBS10 protein structure, 
and leading to its dysfunction. This variant was also not 
observed in the studied family. The rs35676114 is a 
missense variant which, due to codon alteration from CCA 
to CTA, results in the replacement of proline with leucine. 
In the current study, two cases and one control were 
observed to be the carriers of the heterozygous CT 
genotype, while the rest of the subjects did not show any 
variation. 

BBS6 has been reported as a crucial determinant which 
aids in stabilising the two BBSome units (BBS2 and 
BBS7).20 Two variants of BBS6 (rs1547 and rs1545) were 
targeted at first. A study reported the presence of these 
two SNPs in metabolic syndrome and BBS patients.21 In 
the current study, three out of eight patients were found 
to be the carriers of the heterozygous genotype of rs1547, 
while others did not show any change in this position. 
This could be a result of an epistatic interaction, where the 
presence of a particular allele at a second gene has the 
potential to alter the impacts of the primary gene. 

Earlier studies have also described the role of 
heterozygous mutations in BBS1, BBS2 and BBS6 to 
possess the potential epistatic effect.22-23 On the other 
hand, rs1545 was found in heterozygous condition in one 
of the cases. Furthermore, one control was observed to be 
the carrier of TT genotype. Upon sequencing analysis, one 
more SNP was observed (rs1351192494) in one of the 
cases. Further studies are required to interpret the 
possible role of this SNP in BBS pathogenesis. 

BBS12 encodes the third chaperonin-like BBS protein 
within the BBSome complex. It has been reported to be a 
large contributor to BBS. A large number of mutations, 
including indels, and missense/nonsense variations have 
been reported to date in the BBS12 gene playing a role in 
disease pathogenesis. Three reported mutations 

(rs587777802, rs121918327 and rs309370) were targeted 
in the present study. None of the patients were carrying 
the first two SNPs (rs587777802 and rs121918327), 
indicating that these variants were not linked with the 
BBS pathogenesis in the targeted family. However, 
rs309370 was observed in homozygous AA state in all 
subjects except for one control who was the carrier of AG 
genotype. This missense variant replaces adenine with 
guanine leading to a change of the amino acid arginine 
with glutamine. Furthermore, rs309370 has been 
classified as benign variant that is synonymous in 
nature.4,16 However, it is imperative to note that the 
charges and sizes of these amino acids are different. 
Arginine has a positive charge and is bigger in 
comparison to glutamine which is smaller and neutral. 
This difference might impact the interactions with other 
residues and molecules that are important for ciliary 
functions. 

Furthermore, a synonymous variant rs2292493 was 
observed in all except one control subject in homozygous 
TT condition, while the remaining controls were the 
carriers of CT genotype. Another study also reported the 
same result. This suggests the potential role of this SNP in 
manifestation of BBS in the studied family as all the 
studied members were the carriers of variant genotype in 
homozygous condition. 

As BBS is characterised by inter- and intra-familial clinical 
variability, for the disease to manifest, some families 
describe the loss of function at one gene paired with 
haploinsufficiency at a second BBS locus.22 In some 
families, the second-site locus serves as the modifier of 
expressivity and severity of the disease.22,24-25 Therefore, it 
is necessary to investigate other BBS loci in the same 
family as well as in other families. 

Conclusion 
Genetic variants rs35676114, rs1547, rs1351192494, 
rs309370 and rs2292493 may contribute to the 
development of BBS. In a country with limited resources, 
the findings may not only help in the early identification 
of the disorder, but also lead to implementation of better 
healthcare management and treatment strategies of 
patients and individuals at risk with a focus on precision 
medications. 

Disclaimer: The text is based on an MPhil thesis.. 
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