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The MT-RNR2 gene plays a crucial role in encoding 16S ribosomal RNA, which is essential for the 
mitoribosomal larger subunit (mt-LSU). Variations in this gene have the potential to disrupt the secondary 
structure of 16S rRNA, affecting the assembly of mt-LSU necessary for protein synthesis. These alterations 
can compromise oxidative phosphorylation (OXPHOS) complexes, which have been implicated in the 
development of diabetes mellitus (DM). In this study, we analyzed four maternal diabetic families to 
investigate MT-RNR2 gene variation and its impact on 16S rRNA secondary structure. Next-generation 
sequencing (NGS) of the entire mitochondrial DNA (mtDNA) of sample “B3” revealed the presence of 
the m.1811A>G variation in the MT-RNR2 gene, classified into haplogroup “U”. Subsequent verification 
through Sanger sequencing identified the same m.1811A>G variation in fourteen members across the 
four families. The secondary structure of the entire 1559 bases 16S rRNA was constructed, incorporating 
the single variation “141A>G” corresponding to m.1811A>G. Analysis of maximum free energy (MFE 
∆G) indicated -337.37 kcal/mol for the reference structure and -338.87 kcal/mol for the altered structure. 
Three-dimensional structure analysis of the entire reference and altered 16S rRNA showed a root mean 
square deviation (RMSD) of 85.390 Å. The presence of the m.1811A>G variation in fourteen members of 
the diabetic families, along with its verified impact on MFE and structures of mitochondrial 16S rRNA, 
suggests its potential association with DM within these families. Future investigations may further explore 
the functional consequences of identified variants through in vitro and in vivo experiments, providing 
deeper insights into the pathophysiological mechanisms underlying mitochondrial dysfunction in diabetes.

INTRODUCTION

Diabetes mellitus (DM) is a common metabolic disorder 
that affects 529 million people worldwide (Ong et al., 

2023). Pakistan stands 3rd globally with 33 million reported 
cases of DM (Akhtar et al., 2019). Almost 90-95% of DM 
cases reported worldwide were represented by type 2 
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diabetes mellitus (T2DM) (Kaur et al., 2018; Ong et al., 
2023). Genetic predisposition increased the risk of DM in 
people consuming unhealthy diets and sedentary lifestyles 
(Zheng et al., 2018). 

Hereditary mitochondrial diabetes was caused by 
mutations in mitochondrial DNA (mtDNA), and so far 
54 mutations have been discovered in different genes 
of mtDNA in DM patients (Dabravolski et al., 2021). 
Variations accumulated across different mitochondrial 
genomes classify them into different haplogroups (Tanaka 
et al., 2004) and can make a haplogroup more prone to a 
disease (Kofler et al., 2009; Gómez-Durán et al., 2010; 
Alwehaidah et al., 2020). Mitochondrial haplogroup “U” 
was found linked to maternal diabetes (Martikainen et al., 
2015). A homoplasmic state of mitochondrial mutations 
across various tissues may increase the chance of failure 
of metabolic reactions and cause disease, particularly 
oxidative phosphorylation (OXPHOS). This failed state of 
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the OXPHOS reactions promotes elevated manufacturing 
of reactive oxygen species (ROS), reduces insulin 
responsiveness, less ATP production, and accumulation of 
glucose across tissues, eventually resulting in DM (Krako 
Jakovljevic et al., 2021). The OXPHOS complexes consist 
of proteins produced by thirteen protein-coding genes of 
mtDNA. The messenger RNAs (mRNAs) of these genes 
are translated by mitochondrial ribosomes, which are 
inherently present within the mitochondria (Brown et al., 
2014; Amunts et al., 2015). 

Mitoribosomes have a sedimentation coefficient of 
55S and contain a large (mt-LSU, 39S) and small (mt-
SSU, 28S) subunit. The mt-LSU and mt-SSU contain 16S 
rRNA and 12S rRNA, respectively. The MT-RNR2 gene 
transcribes the 16S rRNA, while 12S rRNA was transcribed 
by the MT-RNR1 gene of the mitochondrial genome. Inside 
the mitoribosomal units, the 12S and 16S rRNAs form 
secondary structures (Amunts et al., 2015; Hilander et al., 
2021). The MT-RNR2 gene consists of 1559 bp and was 
located between nucleotides m.1671-3229 in the rCRS 
(revised Cambridge Reference Sequence).

The gene was reported to have mutations linked to 
DM, e.g., m.2706G>A, m.3010 G > A, and m.3243A>G 
found in Chinese and Finnish diabetic communities (Liao 
et al., 2008; Soini et al., 2012). Similarly, five mutations 
(m.1811A>G, m.2706A>G, m.2831G>A, m.3010G>A, 
and m.3197T>C) were discovered in MT-RNR2 gene 
which induced substantial changes in 16S rRNA 
structure in Leber’s hereditary optic neuropathy (LHON) 
patients (Jiang et al., 2017; Rovcanin et al., 2020). The 
mutations were predicted to have structural variations in 
16S rRNA (Liao et al., 2008; Soini et al., 2012; Jiang et 
al., 2017). The structures of rRNAs were found crucial 
for human mitoribosome assembly (Amunts et al., 2015), 
and their variation was reported to affect ATP metabolism 
from its substrates (Bar-Yaacov et al., 2016). It was 
also reported that a homoplasmic mtDNA mutation m. 
1811A>G was found to be related to monocyte activation 
levels in humans (Khotina et al., 2022). In clinical studies, 
16S rRNA structural variations affected the performance 
of mitoribosomal mt-LSU (Elson et al., 2015a). 

It is evident that mitochondrial variations in MT-
RNR2 gene can affect the structure of 16S ribosomal 
RNA and have an impact on protein making machinery 
of mitochondria as reported in LHON and diabetes (Bar-
Yaacov et al., 2016; Rovcanin et al., 2020). 

The study is crucial as it addresses the significant 
global burden of diabetes mellitus, particularly in Pakistan, 
by investigating the role of mitochondrial DNA variations, 
such as those in the MT-RNR2 gene, in predisposing 
individuals to the disease. Understanding how these 
variations affect mitochondrial ribosomal RNA structure 

sheds light on the underlying molecular mechanisms 
contributing to diabetes, potentially leading to novel 
diagnostic and therapeutic strategies. In this investigation, 
we scrutinized the MT-RNR2 gene for sequence variations 
and assessed their potential impact on the secondary 
structure of 16S rRNA in family members affected by 
maternal diabetes mellitus.

MATERIALS AND METHODS

Genetic factors within families that may lead to 
Diabetes mellitus can originate from either nuclear or 
mitochondrial genes. However, the study’s focus was 
specifically on analyzing the mitochondrial MT-RNR2 
gene. Therefore, a meticulous selection process was 
necessary to identify familial mitochondrial diabetic 
families accurately. Criteria were developed to selectively 
exclude nuclear genes and include mitochondrial genes in 
the study. The criteria for family selection comprised of 
(i) adult diabetic patients whose data was available in the 
government hospitals. (ii) Families with diabetic patients 
whose familial diabetic status was confirmed from their 
clinical records (Weykamp, 2013) and World Health 
Organization criteria (Petersmann et al., 2019). (iii) Data 
on the ancestors of the patients was collected. Pedigrees 
of each family were built through an online tool (https://
pedigree.progenygenetics.com/). To avoid nuclear genome 
involvement, the family who had diabetes in only female 
ancestors. The consent was obtained from the members for 
inclusion in the study. All the families with both paternal 
and maternal diabetic ancestors were excluded. The family 
with the maximum number of available members for DNA 
sampling was selected. 

Based on the criteria mentioned, four families were 
selected that had only maternal ancestors involved in 
diabetes. Data of members from the selected families 
viz. Gender, disease status, age, and medicine used were 
collected (Supplementary Table I). Additionally, three 
non-related and non-diabetic samples A1, A4, and A5 
were taken as a control for MT-RNR2 gene sequencing. 
Venous blood was collected from all selected members in 
sterile commercial EDTA tubes. Total genomic DNA was 
extracted from all the samples using Phenol: Chloroform 
method (Grimberg et al., 1989). 

Next-generation sequence (NGS) DNA sequencing and 
PCR amplification of MT-RNR2 gene

A single-family member (B3) of a family (B) was 
subjected to whole mtDNA NGS analysis. Variations at 
various locations were observed in the data, however as per 
the objective only MT-RNR2 gene was considered for the 
study (Table I), and additional NGS data was provided in the 
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supplementary data file. The heteroplasmic/homoplasmic 
status of variations in MT-RNR2 was sorted out in variant 
call format (VCF) files. The Mitomap database was 
searched for the most common variants and haplotypes 
of the Whole genome sequence of the sample (B3) from 
family B (Lott et al., 2013). The whole mtDNA Fasta file of 
B3 was put in Haplogrep 3 software to find out haplogroup 
(Schonherr et al., 2023). The variation found in NGS data 
was validated further through PCR and commercial Sanger 
sequencing (https://dna.macrogen.com) in all family 
members of family B and other selected families. The 
primers used for Sanger sequencing were designed through 
primer 3 software (https://primer3.ut.ee/). 

The primer sequences were. 
RNR2-F (1296…1315) AGTAAGCGCAAG-

TACCCACG and 
RNR2-R (3315…3336) AATGAGGAGTAGGAG-

GTTGGCC. 

Table I. NGS Data of MT-RNR2 variations in sample B3 
from Diabetic Family of Swat Khyber Pakhtunkhwa 
Pakistan.

Pos Ref Alt GT AD DP GQ FRE MF 
1811 A G 1/1 6/10574 10583 255 0.9991 7.8%
2706 A G 1/1 11/32675 32687 255 0.9997 77.8%
3107 N A 1/1 0/7 16688 35 0.875 No record

Pos refers to the position on the rCRS reference genome (NC_012920.1). 
Ref/reference, Base type of Reference genome, Alt/alteration, Base 
type of alteration (in B3 sample). GT/Genotype (Heteroplasmic 0/1, 
Homoplasmic 1/1). AD, Number of bases supporting the reference 
genome/Number of bases supporting the alteration. DP, Total depth of 
the position. GQ, Genotype quality value (must be more than 30). FRE, 
Alteration frequency, number of bases supporting alteration/ (number 
of bases supporting reference genome + number of bases supporting 
alteration). MF, Mitomap frequency.

The Sanger sequenced (ab1) files received from a 
commercial sequencing firm were aligned to the reference 
genome (NC_012920.1) obtained from the NCBI GenBank 
in Ugene software (http://ugene.net/) for confirmation of 
variation identified in NGS data. After the variation was 
confirmed, the whole MT-RNR2 reference and altered 
gene sequences were converted to 16S rRNA sequences 
in Ugene (Okonechnikov et al., 2012). The 2-dimensional 
(2D) secondary structure of complete (1559 bases) 16S 
rRNA having the m. 1811 A>G altered and reference 
(NC_012920.1) was predicted through “RNAfold” 
webserver with a minimum free energy option (MFE) 
and partition function. The MFE was calculated for both 
structures (http://rna.tbi.univie.ac.at/cgi-bin/RNAWebSuite/
RNAfold.cgi) (Gruber et al., 2008) and the data obtained 
was put in Table III. The same sequences were used to 

create three dimensional (3D) model of both 16S reference 
and altered rRNA in Xiao lab servers (http://biophy.hust.
edu.cn/new/3dRNA) (Zhang et al., 2022). The top-scoring 
3D PDB files were downloaded from the servers and 
visualized in ChimeraX software (https://www.cgl.ucsf.edu/
chimerax/) (Pettersen et al., 2021). The Matchmaker tool 
of the software was used to make pair-wise alignment by 
superimposing both models (Meng et al., 2006). For pair-
wise alignment Needleman-Wunsch algorithm was used 
and root mean square deviation (RMSD) was calculated. 
All other options were kept on default. The distance tool of 
ChimeraX was used to calculate the distance between the 
altered and reference base in angstroms (Å).

Table II. Free energy assessments of 16S rRNA 2D 
models.

Minimum free 
energy (∆G) 
prediction kcal/mol

Thermodynamic ensemble 
prediction of free energy 
(∆G) kcal/mol

Reference -337.37 -363.09
Altered -338.87 -364.15
Difference -1.5 -1.06

∆G refers to Gibbs free energy

Table III. Superimposed model comparison of reference 
and mutated 16S rRNA molecules. 

141 A to G residues 
distance

RMSD
8 pruned atoms 1559 residues

86.004 Å 0.992 Å 85.390 Å
RMSD refers to root means square deviation.

RESULTS

Sample B3 was obtained from Family B, which was 
selected for Whole mtDNA sequencing and belonged 
to district Swat, Khyber Pakhtunkhwa. The other three 
families included in the study were Family C, Family G1, 
and Family G2. Family C was from District Okara, Punjab, 
while the latter two families were from District Mansehra, 
Khyber Pakhtunkhwa. Detailed information regarding the 
samples from these families is provided in Supplementary 
Table I.

The pedigree of Family B, consisting of ten samples 
is shown in Figure 1, whereas the pedigrees of the other 
three families are provided in the supplementary files. 
These pedigrees exhibited a maternal lineage of the 
disease, which was essential for the investigation of the 
mitochondrial MT-RNR2 gene.
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Legends: Venous Blood is taken from B1 (Proband), B2, B3, B4, B5, B6, B7, B8, B9 and B10 

samples 

 /  = Male/Female,  = Deceased Male, = Deceased Female,  = Diabetic,  = 

Prediabetic,  = non-diabetic,  = Undiagnosed, = Proband,    = Married couple 

 
  

Fig. 1. Pedigree of diabetic family from Swat Khyber 
Pakhtunkhwa Pakistan.

The MT-RNR2 gene region (1671-3229) of the B3 
sample (Table I) was successfully amplified through NGS 
(Supplementary data is available for further reference). 
Within this gene region, a single variation was identified at 
position m.1811A>G, showing high quality with a Genome 
Quality (GQ) score of 255 and a frequency of 0.9991. The 
reference nucleotide “A” was observed six times, while 
the altered base “G” was present 10,574 times, indicating 
that this variation was homoplasmic.

In the same gene, two other variations were noted, 
namely 2706A>G and 3107N>A. The m.1811A>G and 
m.2706A>G variations had Mitomap frequencies of 
7.8% and 77.8%, respectively, while m.3107N>A had no 
recorded frequency (NR).

The variation m.1811A>G, along with m.2706A>G, 
was homoplasmic within the sample B3 mitochondrial 
population. However, m.3107N>A was detected with a 
very low-Genotype Quality (GQ) score of 35, supported 
by only seven good-quality bases.

Contrarily, m.2706A>G was detected with high 
quality, but this variation was present in 77.8% of the 
genome sequences reported in Mitomap, suggesting it as a 
common variant not specific to any disease. Consequently, 
further analysis focused on m.1811A>G, which had a 
7.8% frequency in reported sequences.

Using the Mitomap tool, Haplogrep 3, the consensus 
sequence of the whole mtDNA genome sequence of B3 
was identified, corresponding to the “U” haplogroup. 
Within the “U” haplogroup, the m.1811A>G variation was 
identified as the determining factor of the “U2’3’4’7’8’9” 
sub-haplotype.

To screen the m.1811A>G in other samples of the 
four selected families, PCR amplification was conducted 

in samples A1, A4, A5, B1, B3, B4, B7, B8, B10, C1, C2, 
C5, G2, G13, G3, G5, and G6. The obtained bands were 
located at the expected 2041 bp location. After successful 
PCR, the product was sequenced through Sanger 
sequencing in samples A1, B1, B3, B4, B7, B8, and B10. 
The results presented in Figure 2, confirmed the presence 
of the altered “G” nucleotide at position 1811 in samples 
B1, B3, B4, B7, B8, and B10, consistent with the NGS 
data from sample B3. Similarly, the m.1811 A>G variation 
was confirmed in samples C1, C2, C5, G2, G13, G3, G5, 
and G6 from families C, G1, and G2.

Fig. 2. MT-RNR2 gene alteration status at genomic 
position m.1811. Samples A1, B1, B3, B4, B7, B8, and 
B10 of a Diabetic Family from Swat Khyber Pakhtunkhwa 
Pakistan. A>G Variation was highlighted with a vertical 
arrow at “1811”.

Subsequently, the sequences of the MT-RNR2 gene 
were converted to 16S rRNA sequences, with reference 
to 16S rRNA nucleotide sequence “A” and the altered 
version “G” at position 141 depicted in Figure 3. The 
alteration impacted an area extending approximately 
from position 100 to 250 nucleotide bases of 16S RNA. 
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Significant differences were observed between both 
structures, affecting the free energy of the models (Fig. 
4). The reference and altered structures had minimum free 
energies (MFE) of -337.37 kcal/mol and -338.87 kcal/mol, 
respectively (Table III).

Fig. 3. Reference and altered 16S rRNA at position 
141A>G. A>G variation was highlighted with a vertical 
arrow at “141”.

Fig. 4. RNA Fold structure of 16S rRNA molecule and 
impact of a single 141A>G variation. 
(a) Reference structure; (b) Altered structure. The red 
encircled area specifies the structural variation.

Following visual confirmation of the variations in the 
2D models, 3D models of the two 16S rRNA molecules 
were constructed and aligned (as illustrated in Fig. 5a). 
These models featured a yellow chain representing the 
reference structure and a blue chain representing the 
altered structure of 16S rRNA, with nucleotides 141A 
and 141G, respectively. Each chain consisted of 1559 
bases. A section of the same model was magnified to 
determine the distance between the two bases on different 
chains (as shown in Fig. 5b). The comparison of these 
superimposed models yielded results, including root mean 
square deviation (RMSD) data (Table III). Furthermore, 
the ChimeraX distance tool was utilized to calculate the 
distance between residues.

Fig. 5. Zoomed superimposed 3D structures of whole 16S 
rRNA specifying position 141A>G. 
(a) Superimposed chains reference yellow and altered 
blue. (b) Zoomed 141A>G with distance i.e., 86.004Å.

DISCUSSION

Diabetes mellitus is a chronic disease present 
commonly in Pakistan. Various environmental and genetic 
factors are responsible for the widespread occurrence 
of the disease. The study’s objective was to discover 
variations in 1559 bp long MT-RNR2 gene and its impact 
on the secondary structures of 16S rRNA in maternal 
diabetic families. A careful selection criterion was adopted 
to ensure the selection of mitochondrially affected families 
(Supplementary Table I). NGS sequencing of “B3” a pre-
diabetic patient revealed an alteration A>G at position 1811 
of MT-RNR2 Gene, which encodes 16S rRNA. A genotype 
frequency of 0.999 was detected for the nucleotide “G” 
with a genotype quality (GQ) of 255, comprising 10574 
instances of the “G” base. The same position had only 6 
“A” bases. This proves that m.1811A>G alteration was 
homoplasmic in mtDNA population of B3 (Table I) and 
has a high probability of causing an impact (Swalwell et 
al., 2008). Further analysis through Sanger sequencing 
(Baudhuin et al., 2015) confirmed the presence of the same 
alteration throughout fourteen other sequenced samples of 
the four families, except A1, which was a member of a 
non-diabetic family (Fig. 2). 

Several mitochondrial haplogroups exhibit 
a predisposition to certain diseases and a greater 
susceptibility when compared to other haplogroups (Farha 
et al., 2016; Strobbe et al., 2018). In the present research, 
the whole mtDNA sequenced, belonged to haplogroup 
“U2’3’4’7’8’9,” a subgroup of haplogroup “U”. A review 
of the existing literature unveiled that haplogroup U was 
more prevalent among individuals with maternal family 
history of diabetes mellitus (Fig. 1) in comparison to those 
who had no such family history (Martikainen et al., 2013, 
2015). 

Direct experiments to correlate mitochondrial 
ribosomal RNA variations with a disease were not 
available (Elson et al., 2015b). Hence a careful structural 
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evaluation approach was carried out to understand 
the impact of 1811A>G variation on the structure of 
mitochondrial 16S rRNA. 

In the first step a structure with the variation was 
obtained through RNAfold server which revealed 
deviations from standard reference 16S rRNA structure. 
Interestingly a single alteration of 1811A>G considerably 
changed the structure at several rings and shape of the 
molecule was altered (Figs. 4, 5). MFE and thermodynamic 
ensemble evaluation (Ding et al., 2005) of both structures 
have a difference of -1.5 and -1.06, respectively. The 
altered 16S rRNA has more free energy for reactions in 
both algorithms (Table II). This revealed the impact of 
variation on the MFE of the 16S rRNA. 

In the second step 3D modelling was carried 
out through Xiao lab server for 3D prediction of 16S 
rRNA (Zhang et al., 2022). ChimeraX was found to be 
very useful and user-friendly 3D model analysis software. 
The “Matchmaker” tool of ChimeraX (Pettersen et al., 
2021) analyzed the two models 16S rRNA (Reference and 
altered) downloaded from Xiao labs and superimposed 
both very easily without much computational load (Fig. 
5). The results of Matchmaker analysis reveal average 
deviation of corresponding residues present in both 
structures at 85.390 Å (RMSD). The actual A and G bases 
were at 86.004 Å. Eight pruned residues in 16S rRNA 
structures were at an average distance of 0.992 Å, which 
shows least impact of the structural variation at distance 
(Table III). It proves that single base variation from A 
to G made structural difference and put all residues at a 
considerable distance. It also suggests the sensitive nature 
of 16S rRNA molecules. The variations examined in 16S 
rRNA 2D and 3D structures as well as the estimates of ∆G 
values prove the impact of m.1811A>G variation. These 
structural variations could impact the binding pattern of 
rRNA to proteins in the larger subunit of mitoribosome, 
which can affect its performance during translation and 
might have initiated diabetes mellitus in the families as 
reported previously in other studies (Rackham et al., 2012; 
Jiang et al., 2017). The study also demonstrated that in 
absence of paternal mtDNA involvement, the maternal 
mtDNA variation was passed from mother to children, 
exhibiting a characteristic pattern of mitochondrial and 
maternal inheritance (Deluca and O’farrell, 2012). 

CONCLUSION

We conducted a sequence analysis of the MT-RNR2 
gene in four maternally inherited diabetic families from 
Pakistan. Our analysis revealed a novel variation of A>G at 
position 1811 of the mtDNA genome within the MT-RNR2 
gene and placed the mtDNA in haplogroup “U2’3’4’7’8’9,” 

a subgroup of haplogroup “U”. Haplogroup “U” has been 
associated with maternal diabetes in previous studies. 
Structural and free energy analysis of the resulting altered 
16S rRNA at position 141A>G demonstrated significant 
variations, impacting both minimum free energy (MFE) 
and root mean square deviation (RMSD). The presence 
of the m.1811A>G variation across fourteen family 
members, along with subsequent structural alterations, 
likely compromised the functionality of the mitoribosome, 
potentially triggering diabetes mellitus in the selected 
families from Pakistan. Our findings establish a foundation 
for further investigation across diverse populations 
worldwide, aiming to validate this identified variation 
as a potential biomarker for early diagnosis of maternal 
diabetes mellitus. 

Subsequent research efforts could probe into the 
functional implications of the identified variants through 
both in vitro and in vivo experiments, offering more 
profound insights into the pathophysiological mechanisms 
associated with mitochondrial dysfunction in diabetes.
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Supplementary Table I. Details of samples collected from selected diabetic families.

ID Gender Disease status Age Onset Medicine used
Family B Swat Khyber Pakhtunkhwa 
B1 Female Diabetic/ Proband 55 47 Tagamet, Insulin, Various Anti-diabetic drugs
B2 Male Undiagnosed/No symptoms 19  NA None
B3 Male Prediabetic 38  NA Diet Control
B4 Female Diabetic 51 36 Insulin, Various Anti-diabetic drugs
B5 Male Normal 70 40 Antihypertensive
B6 Male Normal 58  NA None
B7 Male Normal 63  NA None
B8 Female Undiagnosed/no symptoms 30  NA None
B9 Female Undiagnosed/no symptoms 29 NA None
B10 Female Undiagnosed/no symptoms 35 NA None
Family C Okara Punjab
C1 Female Normal 48 NA None
C2 Male Diabetic 67 65 Metformin
C3 Male Diabetic 53 48 Metformin
C4 Female Diabetic 60 55 Metformin, Glucophage
C5 Male Diabetic 35 31 Diet Control

Table continued on next page.............
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ID Gender Disease status Age Onset Medicine used
C6 Male Diabetic 52 49 Glucophage
C7 Male Normal 69  NA None
C8 Female Diabetic 58 56 Glucophage
C9 Male Normal 49  NA None 
Family G1 Mansehra Khyber Pakhtunkhwa 
G1 Female Diabetic 52 40 Diet control
G2 Female Diabetic 65 30 Glucophage
G4 Male Normal 48  NA NA
G12 Female Normal 38  NA NA
G13 Female Diabetic 80 50 Insulin
Family G2 Mansehra Khyber Pakhtunkhwa
G3 Female Prediabetic 50 40 Diet control
G5 Male Prediabetic 55 38 Diet control
G6 Female Diabetic 74 35 Glucophage
G7 Female Normal 23 NA NA
G11 Male Diabetic 58 40 Insulin`
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