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Abstract: Cataract and glaucoma are the leading causes of blindness in the world. The aim of this study was to investigate
the involvement of somatic mutations of the MT-CYB gene in glaucoma and cataract cases among Senegalese patients. 38
samples including 12 controls and 26 patients (18 cataracts, 8 glaucomas) were used to study polymorphism, diversity and
genetic structuration of the MT-CYB gene. DNA was isolated from whole blood samples and then the gene was genotyped by
PCR-Sequencing. The study of the chromatograms and sequences obtained made it possible to detect a total of twenty-four
(24) variants among which nine (9) non-synonymous mutations with seven (7) different positions. Two of them were common
to both pathologies (G71A, T96C) and predicted to be non-pathogenic. The insertion, T235TA was specific for glaucoma and
is known to be pathogenic. Four (4) mutations were specific to cataract (T118TC, A401AC, G402C and A408AC). T118TC
and A408C are predicted pathogenic. A total of four (4) haplogroups (H, J, L and M) were found in this study. The haplogroups
H and L are significantly represented in patients with cataract (H: p-value = 1.72182e-09 and L: p-value = 0.000351) and
glaucoma (H: p-value = 3.333e-08 and L: p-value = 0.009398). The results also revealed a differentiation only between
controls and glaucoma patients (Fst = 0.17144 and p-value = 0.0019) and between controls and glaucomatous belonging to
haplogroup L (Fst = 0.47368 and p-value = 0.0156). The conclusions from this work were that contrary to cataract, MT-CYB
somatic mutations are involved in the occurrence of glaucoma in Senegalese and this involvement is correlated with
mitochondrial haplogroup L.
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the world's 37 million blind people. In people aged 50 years
and older, the prevalence of cataracts is greater than the
combined prevalence of glaucoma and age-related macular
degeneration [3]. The rate of blindness by cataract vary
considerably from one country to another due to disparities in
financial resources, availability of ophthalmologists,
perceived need to improve vision, genetic and environmental
factors [4]. One of the main difficulties with glaucoma and
blindness for which he may be responsible is the lack of a
uniform definition of these diseases [1]. Globally, after the
non-corrected default of refraction and non-operated cataract,
glaucoma (2%) is the principal cause of visual deficiency and

1. Introduction

The vision is the most precious of the five senses.
According to the World Health Organization [1], in 2010,
close to 285 million people were visually impaired, with 39
million of them blind. Ninety percent (90%) of people with
visual impairments live in low-income countries [1] Cataract
is one of the main causes of blindness and visual impairment
worldwide, increasing the public health and economic burden
of this disease [2]. In 2007, the WHO estimated that cataract
was responsible for blindness in thirty-nine percent (39%) of
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is one of the avoidable causes of blindness [1]. In less
developed countries, particularly in sub-saharan Africa, the
incidence of glaucoma is 15% [1]. According to the National
Blindness Control Program, the prevalence of blindness in
Senegal is 1.4% and glaucoma is the third main cause of
blindness after cataract and trachoma; with a prevalence of
0.14% [5]. These barriers emphasize the importance of
preventing or delaying cataract and glaucoma formation.

Since the advent of molecular biology, researchers have
highlighted the implication of genetics in the development of
ocular pathologies [6, 7] and the mitochondrial genome has
in recent years been investigated in relation to these
pathologies [8, 9]. It has been suggested that, similar to other
optic nerve atrophies, mitochondrial dysfunction or altered
mitochondrial signaling pathways are involved in the
glaucoma pathogenesis [10, 11]. In a recent article on POAG
in Saudi Arabia [12], no pathological nucleotide changes
were detected for the autosomic causative genes myocilin
(MYOC) and optineurin (OPTN). Conversely, the number of
nonsynonymous mutations and transversions found in the
mitochondrial DNA (mtDNA) coding region of POAG
patients was significantly greater than in control subjects.
Although no individual mutations could be associated with
POAG, these data suggested that mitochondrial dysfunction
may be a risk factor for this disease [13]. Therefore, the
objective of this study was to analyze the somatic mutations
of the MT-CYB gene in cataract and glaucoma cases in
Senegal.

2. Material and Methods
2.1. Population Study

A total of 38 blood samples were collected at the
Ophthalmology Department of Aristide Le Dantec Hospital
and Principal Hopital in Senegal. The subjects included 18
cataract patients, 8 glaucoma patients and 12 controls. The
ethical approval for this study was obtained from the Cheikh
Anta Diop University Ethical Committee (Protocol
0269/2018/CER/UCAD).

2.2. DNA Extraction, PCR and Sequencing of the MT-CYB
Gene

Genomic DNA was extracted from whole-blood samples
of all patients and control using the QIAamp DSP DNA
Blood Kit (Qiagen) according to the manufacturer's
instructions. Amplification of MT-CYB was carried out as
described previously by Mbaye et al. (2014) [14]. All the
PCR products were purified and sequenced with the ABI Big
Dye Terminator cycle sequencing ready reaction kit and an
ABIPRISM 3730x1 sequencer (Applied Biosystems, Foster
City, CA).

2.3. Molecular Analysis

The chromatograms obtained after sequencing were
submitted to Mutation surveyor software version 5.0 [15] in
order to identify the mutations and to determine their nature

(homoplasmic or heteroplasmic) and their status (transition or
transversion). MtDNA polymorphisms were compared with
the mitochondrial genome data base of world population by
using Mitomap [16]. Those not found in the Mitomap database
were recorded as new mutations. For the Cytochrome b protein
coding gene, three following in silico algorithms were used to
predict the putative effect of each nonsynonymous mutation on
protein function: Polyphen-2 [17], SIFT [18] and Provean [19].
A mutation was considered pathogenic when:

(1) It was not reported in mitochondrial databases or

Medline-listed literature as a confirmed polymorphism;

(2) It was not present in control subjects;

(3) It changed a moderately or highly conserved amino acid;

(4) It occurred in a region of high interspecific conservation;

(5) Provean predicted an alteration of the protein structure;

(6) It was assessed as possibly or probably pathogenic by

PolyPhen-2; and

(7) It was predicted by SIFT to have an effect on protein

function.

The sequence patterns were observed and edited using
BioEdit sequence Alignment Editor V.7.1.9 [20]. MT-CYB
sequences were submitted to the MITOMASTER database [21]
which uses the Cambridge reference sequence NC 012920.1
to classify them according to the haplogroups. The genetic
diversity of the MT-CYB gene between controls and patients
was studied by calculating the number of polymorphic sites,
the total number of mutations, the frequency of nucleotide
composition and the ratio of transition to transversion using
DnaSP v 5.10.01 [22] and MEGA7 [23]. The parameters of
specific diversity of population (genetic distance and FST) and
genetic structuration (AMOVA) were calculated respectively
with MEGA 7 [23] and Arlequin [24]. The parameters and
report of the differentiation and the structuration of the MT-
CYB gene were done depending of the population.

2.4. Statistical Analysis

The normality of the data was tested under XLSTAT
2018.3.50896 using the Shapiro-Wilk test. The Fisher test
with XLSTAT 2018.3.50896 was conducted to detect the
correlation between MT-CYB mutations and cataract as well
as glaucoma. The frequency of each haplogroup among cases
and controls were compared with the X2 test (Fisher’s exact
test where appropriate) XLSTAT and Mitotool software, to
correlate the risk of having cataract or glaucoma with the
haplogroups. A 95% confidence interval (CI) was calculated
and p<0.05 was considered statistically significant.

3. Results
3.1. MT-CYB Somatic Mutations

The mutation results are summarized in Table 1. Twenty-
four variants with nine (37.5%) transitions and fifteen
(62.5%) transversions were observed in the study population
with twenty-three variants found in the subjects with cataract.
Eight (34.78%) of the mutations were non-synonymous while
fourteen (62.51%) were synonymous. Five variants were
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observed among glaucoma patients with three non-
synonymous mutation. Of the seven non-synonymous
mutations observed, two (G71A, T96C) were found to be
non-pathologic in both cataract and glaucoma. An insertion,
(T235TA) was found to be specific to glaucoma and this is
known to be pathogenic. Four mutations, (T118TC, A401AC,
G402C and A408AC) were specific to cataract while T118TC
and A408C are predicted to be pathogenic.

3.2. Haplogroups of the MT-CYB

Out of the thirty-eight genotyped samples, four
haplogroups (H, J, L, M) were found. Haplogroup J was

found only in patients with cataracts. Haplogroup H was
absent for control subjects and more represented in cataract
patients with the sub-haplogroup H65 which is specific to it
while sub haplogroup H2a is common to both diseases.
44.73% of the studied population had the haplogroup L with
the L2e sub-haplogroup specific to the controls and L2c
common among the cataracts, glaucoma and control groups.
Haplogroup M was found among the cataract patients
(specifically M9a and M24) and controls. H and L
haplogroups were significant at p<0.05 in both cataract and
glaucoma patients whereas haplogroup M was not significant
among the groups and was present only in cataract patients.

Table 1. Polymorphism of MT-CYB gene in patients and controls.

. Pathologies
Mutations Score p. rCRS Cataract % Glaucoma¥ Status Nature p- AA
T61TA 31 15860 5.88 0 Hetero Trv L371L
G71A 80 15851 10.52 20%* Homo Trs T3681
GS81A 96 15840 10.52 0 Homo Trs L365L
T96C 99 15824 10%* 20% Homo Trs T360A
T118TC 63 15802 5.26 0 Hetero Trs Q352w
A136G 109 15784 26.31* 0* Homo Trs P346P
A199G 92 15721 10%* 0* Homo Trs Y325Y
T235TA 52 15684 0* 20%* Hetero Trv Q313H
A272G 20 15648 5.26 0 Homo Trs L301L
A319G 151 15617 7.14 0* Homo Trs P285P
A350T 89 15570 7.14 0* Homo Trv L275L
A350AT 37 15570 7.14 0* Hétéro Trv L275L
A401AC 21 15519 11.11 0* Hetero Trv L258G
G402C 50 15518 11.11 0* Homo Trv L258G
G402GC 33 15518 11.11 0* Hetero Trv L258G
G404GC 24 15516 11.11 0* Hetero Trv T257T
A408C 72 15512 22.22% 0* Homo Trv Y256D
A408AC 60 15512 11.11 0* Hetero Trv Y256D
A409T 22 15511 12.5 0 Homo Trv N255N
A409AT 45 15511 12.5 0 Hetero Trv N255N
T411TC 28 15509 12.5 0 Homo Trs N255N
ASS8T 32 15362 1 0 Homo Trv L239L
ASS58AT 53 15362 0 1 Hetero Trv L239L
A597AC 46 15324 1 1 Hetero Trv S193A

Table 1. Continue.

Mutations Conserved domains PolyPhen-2 Provean Sift Conclusion References
T61TA Yes
G71A Yes Benign Neutral Tolerable Non pathologic
G81A Yes
T96C Yes Benign Neutral Tolerable Non pathologic + Breast cancer (A/G)
T118TC Yes Prodom Deleterious Affected FP pathologic
A136G Yes +Breast cancer (T/G) and POAG
A199G Yes + Breast cancer (T/C)
T235TA Yes Prodom Neutral Affected FP pathologic
A272G Yes
A319G Yes
A350T Yes
A350AT Yes
A401AC Yes Benign Neutral Affected FP Non pathologic
G402C Yes Benign Neutral Affected FP Non pathologic
G402GC Yes Benign Neutral Affected FP Non pathologic
G404GC Yes
A408C Yes Prodom Deleterious Affected FP pathologic
A408AC Yes Prodom Deleterious Affected FP pathologic
A409T Yes
A409AT Yes

T411TC Yes
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Mutations Conserved domains PolyPhen-2 Provean Sift Conclusion References
ASS8T Yes
ASS58AT Yes
A597AC No

Non-synonymous mutations are shown in bold; p. rCRS: position on the Cambridge reference sequence NC_012920.1; p. AA: position of the amino acid
relative to the reference protein sequence (Uniprot accession number: P00156); Homo: homoplasmic mutation; Hetero: heteroplasmic mutation; Trs:
transition; Trv: transversion; Domain Preserved: Yes if the mutation is in one of these domains (1: MT-CYB (c127766), (bp: 52-570), conserved in mammals;
2: Cytochrom_B_C, (bp: 97-399), preserved in cellular organisms, 3: QcrB, (bp: 97-564), conserved in cellular organisms, 4: cytochrom_b_C, (bp: 115-555),
conserved in cellular organisms; 5: Cytb6 / £ IV, (bp: 301 -435), preserved in cellular organisms). Prodom: Probably damaging; Affects FP: Affects the Protein
function; POAG: Primitive Glaucoma with Open Angle. *: meaningful fisher test; + : listed in mitomap

Table 2. Frequencies and diversity of haplogroups found in the study population.

Haplogroups Controls Cataracts P-values Glaucomas P-values
H - 5 1.72182¢-09%* 2 3.333¢-08*
J - 1 0.043445%* -

L 7 5 0.000351* 5 0.009398*
M 2 3 0.235279 -

*: P-values <0.05

3.3. Genetic Diversity of the MT-CYB

The 337 bp of the MT-CYB gene analysed in the twenty-
six patients suffering oculars diseases with eighteen cataracts
and eight glaucoma show 5.04% polymorphic sites for
cataract with 29.41% of them been informative in parsimony.
Among the twelve controls subjects, 1.48% of the sites were
polymorphic with a representative informative site of 40% in
parsimony. 2.3% of the sites were polymorphic for glaucoma
with 12.5% informative in parsimony. The percentage of
informative sites in parsimony was higher among the control
subjects than patients. The total number of mutations
observed among subjects with cataract, glaucoma and

controls were 21, 8 and 5 respectively. The bases T and G are
the most common with respectively a percentage of
nucleotide frequencies of: 30.30% and 34.77% for subjects
with cataract, 30.8% and 33.92% for glaucoma subject and
30.24% and 34.69 for the controls subjects. The percentage
of transversion mutation observed among subjects with
cataract and glaucoma was 50.60% and 79.73% respectively
while that for control subjects was 2.03%. Therefore, the
ratio of transition to transversion of cataract and glaucoma
patients was respectively 0.8 and 0.33. The parameters for
the genetic diversity of the 3 populations are stated below in
the table 3.

Table 3. Parameters for genetic diversity of patients and controls.

Controls Cataracts Glaucomas

Sample Size (N) 12 18 8
Sequence length without gaps (L) 337 337 349
Polymorphic sites (V) 5(1.48%) 17 (5.04%) 8 (2.37%)
Variable sites informative (Pi) 2(40%) 5(29.41%) 1 (12.5%)

%T 30.24 30.30 30.8

. %C 9.82 9.93 9.74

Percentage of nucleotide %A 5.5 2501 25.47

%G 34.69 34.77 33.92
Total number of mutations (Eta) 5 21 8
Nature of the mutations Trs.s: 97.97 4040 2027

Trv, v: 2.03 59.60 79.73
Repport Trs/Trv (R) 42.15 0.82 0.33
Mean number of nucleotide differences K 1.212 3.092 2.286

3.4. Differentiation and Genetic Structure of Populations

The genetic distances (d) that account for the intra and
inter-populations genetic difference (Table 4) and the degree
of genetic differentiation (Fst) (Table 5) were calculated, first
for each population and then for different groups divided into
individuals belonging or not to the Haplogroup L. Genetic
distances between patients with cataract (0.009) and
glaucoma (0.007) were greater than those observed in
controls (0.004). This distance is smaller between controls
(0.021) and among cataract patients (0.006) belonging to

haplogroup L compared to the distance between controls
(0.038) and patients with cataract (0.011). In glaucomatous
patients, the genetic distance is zero between individuals not
belonging to haplogroup L and 0.020 in individuals
belonging to this haplogroup.

Table 5 shows a genetic differentiation of 0.171 between
controls and glaucoma patients (p-value = 0.0019) but not
significant between controls and cataract patients. Based on
the haplogroups, a differentiation was noted only between
controls and glaucomatous belonging to haplogroup L.
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Table 4. Intra and inter-population genetic distances.

Groups Intra genetic distances Groups Intra genetic distances

Controls 0.004+/-0.002 il(‘) (g)i)i | Controls-cataract 0.007+/-0.002 E“C_((ili (?1 130
Cataracts 0.009+/-0.003 g]f) (())1)10 6 Controls-glaucoma 0.006+/-0.002 E“(_}%ng; 28
glaucomas 0.007+/-0.002 gf (()) %g 0

T= Controls, C= Cataracts, G= Glaucoma, TL= Controls belonging haplogroup L CL= patients with Cataracts belonging haplogroup L, GL= patients with

Glaucoma belonging haplogroup L

Table 5. Values of genetic differentiation (Fst).

Groups haplogroups

Controls-cataracts Controls-glaucomas TL-CL T-C TL-GL T-G
Fst 0.0199 0.1714 0.0359 0.0004 0.4736 0.1540
P Values 0.1984 0.0019 0.2942 0.3118 0.0156 0.1163

TL= Controls belonging haplogroup L CL= patients with Cataracts belonging haplogroup L, GL= patients with Glaucoma belonging haplogroup L

4. Discussion

The analysis of the polymorphism in MT-CYB gene
revealed 24 mutations with some in the heteroplasmic state
and twelve of them are synonymous mutations which did not
lead to changes in amino acids. G15784A which has high
potential for association with POAG [25, 26] and found in 5
cataract patients has been previously reported in mitomap
[27]. Although synonymous mutations are oftenly called
"silent mutations," growing evidence shows significant
effects of them on transcription, splicing, and mRNA
transport (translation) that would alter the phenotype [28].
The seven non-synonymous substitutions found in this study
showed two pathologic mutations that are common to both
pathologies. G15851A was found in two patients with
cataract and glaucoma and led to a change from threonine to
isoleucine at position 368. In addition, T15824C was found
in two patients with cataracts and glaucoma that also changed
threonine to alanine. The three mutations suspected to be
pathologic in this study were all specific to one disease.
Cataract mutation T15802TC (heteroplasmic) was found in
one patient and A15512AC present in two individuals
(homoplasmic in one and heteroplasmic in the other).
T15802TC led to the replacement of glutamine with
tryptophan at position 352. Other studies reported a change
of amino acid at this position [29] with often deleterious
effects but they are not listed in mitomap. A15512AC, it led
to the replacement of tyrosine with aspartic acid. The
similarities between glaucoma and various mitochondrial
optic neuropathies have generated interest in the study of
mitochondrial function and glaucoma abnormalities.
T15684TA which is heteroplasmic and led to the change of
glutamine to histidine at position 313 is one suspected
pathologic mutation found in one patient. The mechanisms of
how mitochondrial abnormalities may endanger the optic
nerve remain uncertain [30]. There is, however, increasing
evidence that both an activation of glial cells and oxidative
stress in the axons may play an important role [31]. The
pathologic mutations that are observed in the MT-CYB gene

could disrupt the normal activity of the electron transport
chain, which could affect the production of ATP and increase
the production of reactive oxygen species (ROS) [32].

mtDNA accumulates genetic variants over time, and being
quasi-maternal, it undergoes negligible intermolecular
recombination. As a consequence, the old variants existing in
the human population define the haplogroups that remain
geographically or ethnically restricted [33]. In addition to the
sub Saharan haplogroup L that is found in this study, the
European haplogroups H and J and the Asian haplogroup M
were also present. The sub-Saharan haplogroup L is
predominantly represented with a very significant difference
between controls and patients with glaucoma and could have
an influence in the development of this pathology. This
supports the fact that the risk of developing glaucoma [34] is
associated with Senegalese belonging to mitochondrial
haplogroup L. Also, an earlier study has shown the
involvement of sub-haplogroups of L in the occurrence of
glaucoma in the African-American population [27]. A study
of the Saudi population [13] revealed a positive association
of POAG with African haplogroups (L) and evidence of a
protective effect of Eurasian haplogroup (N), but significant
associations could not be made between mitochondrial
haplogroups and POAG in other studies on Arabs [34],
Ghanaians [35] and Northern Europeans [36].

Analysis of the genetic variability showed that all the
changes observed in the patients were substitutions with
more transversions, 59.60% among cataracts cases and
79.73% among patients with glaucoma compared to the
controls (2.03%). Similar results were obtained by Abu-
Amero et al. [12] among glaucoma patients who had a high
frequency of mtDNA transversion (25/34, 73.5%). According
to Sekiguchi et al. (2002) the guanine base has the lowest
oxidation potential of the four nucleotides of DNA, making
the G: C — T: A or G: C — C: G transversion mutations
frequent in the context of oxidative stress. The presence of
transversions in mitochondrial DNA in patients with GPAO
may be evidence that the mechanisms of damage and repair
are involved in the generation of these mutations as part of an
early oxidative stress response [12]. According to Roshan et
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al. [38], variations in mitochondrial DNA are commonly
found in congenital cataract, but the precise role of such
alteration is unclear. Comparing the controls to
glaucomatous, a relatively low genetic distance of 0.006 was
observed with a significant FST. This is because the
mutations found in patients with glaucoma appear to be more
pathogenic and thus inducing a molecular difference with the
controls.

5. Conclusion

It has become clear in recent years that mitochondrial
dysfunction is intimately linked to many aspects of
ophthalmic diseases. This study, aimed at identifying
association with these two pathologies revealed three
heteroplasmic mutations: two mutations T15802TC and
A15512AC were associated with cataract and T15684TA
mutation implicated in glaucoma. Other benign mutations
were also observed in addition to synonymous mutations.
The genetic diversity of the affected population compared to
the controls was studied. Thus, in addition to the diversity of
nucleotides noted for all the individuals studied, the results
revealed the existence of a genetic differentiation between
controls and patients that is more pronounced in
glaucomatous patients. These results showed also that
patients belonging to the mitochondrial haplogroup L are
significantly more likely to contract glaucoma in Senegal.
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