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ABSTRACT 
Background 
Type 2 diabetes mellitus (T2DM), and coronary artery disease (CAD) are metabolically related lesions with 
dyslipidemia and the deficiency of cholesterol transportation. ABCA1 is a key gene in HDL metabolism, and its 
polymorphisms could act as cardiometabolic risk factors. 
Objective 
The study needed to examine how ABCA1 (rs1800977 and rs1800976) polymorphisms relate to T2DM and 
CAD, as well as to both in a North Indian cohort. 
Methods 
Case control study was done on 600 participants (controls, T2DM, CAD, T2DM+CAD; n=150 each). PCR-
RFLP was used to carry out genotyping. Statistical tests were chi-square tests, odds ratios (ORs), and haplotype 
analysis. 
Results 
There was no significant relationship with rs1800977. Conversely, the association between the two diseases 
(CAD and T2DM+CAD) with the association of a strong association with the frequency of G allele and the GG 
genotype was observed in the case of rs1800976 (OR=3.11 and 2.58, respectively; p<0.05). The high 
triglycerides and low HDL-C were associated with risk genotypes, and CG and TG were haplotypes of risk. 
Conclusion 
The polymorphism at the site (rs1800976) was greatly linked to higher forms of CAD and T2DM+CAD 
indicating that the site could serve as a genetic marker of cardiometabolic risk. 
Keywords: ABCA1 gene polymorphism, rs1800976, Type 2 diabetes mellitus, Coronary artery disease, Genetic 
susceptibility, Lipid metabolism. 
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1. Introduction 
"Type 2 diabetes mellitus (T2DM) is a chronic 
metabolic disease that is associated with persistent 
hyperglycaemia caused by insulin resistance and 
defective functions of pancreatic 8 cells. Over the 
past several decades, the burden of T2DM in the 
world has grown significantly, and the International 
Diabetes Federation estimates that there were about 
537 million adults with diabetes living in 2021, and 
this number will grow to about 783 million by 
2045" [1]. Diabetes is also another major cause of 

death in the world according to the findings of the 
World Health Organization, which claims that 
about 1.5 million deaths are caused by diabetes 
every year [2]. Rapid urbanization, sedentary living 
with growing cases of obesity have been key 
factors that have led to the growth in the prevalence 
of T2DM, especially in the developing nations like 
India [3]. 
Both microvascular and macrovascular 
complications are closely linked with T2DM, the 
most prominent cause of mortality and morbidity of 
which are cardiovascular diseases (CVDs). The 
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most prevalent form of CVD in diabetic patients is 
the coronary artery disease (CAD), which greatly 
affects the decrease in life expectancy [4]. As it has 
been shown in epidemiological studies, people 
having T2DM are two to three times more likely to 
develop CAD than non-diabetic people are [5,6]. 
T2DM and CAD co-occurrence result in adverse 
clinical outcomes caused by interactions between 
hyperglycaemia, insulin resistance, dyslipidaemia, 
and chronic inflammation [7]. 
CAD is a multifactorial and complicated disease 
involving the genetic, metabolic, and 
environmental factors. The main pathological 
process underlying CAD is atherosclerosis which 
starts with the endothelial dysfunction due to 
hyperglycaemia, oxidative stress, and 
dyslipidaemia [8]. It is then succeeded by the 
deposition and oxidation of the low-density 
lipoprotein (LDL) cholesterol in the wall of the 
arteries that trigger inflammation and the formation 
of the foam cells [9]. The progressive growth of the 
plaque, increase of smooth muscle cells, and 
subsequent rupture of the plaque are some of the 
factors that lead to the acute coronary events 
including myocardial infarction [10]. 
The dyslipidaemia is critical in the "development of 
T2DM and CAD. Diabetic dyslipidaemia is a 
condition of increased triglycerides, high levels of 
small dense LDL particles and low levels of high-
density lipoprotein cholesterol (HDL-C) [11,12]. 
The protective effects of HDL-C include reverse 
cholesterol transport, antioxidant and anti-
inflammatory effects", and, as such, the propensity 
to atherosclerosis is diminished [13]. Thus, lipid 
metabolism and cholesterol transport genes are 
such important determinants of cardiometabolic 
risk. 
ABCA1 gene is the ATP-binding cassettes 
transporter that is a major regulator of cholesterol 
homeostasis. ABCA1 gene, located on 
chromosome 9q2231, is the gene that encodes a 
protein that transfers cholesterol through the 
membrane to apolipoprotein A-I triggering the 
generation of HDL particles [14,15]. Availability of 
the correct functioning of ABCA1 is necessary to 
ensure the maintenance of lipid balance and 
avoidance of the intracellular accumulation of 
cholesterol. A defective ABCA1 activity has been 
associated with low levels of HDL and high 
vulnerability to atherosclerosis [16]. In addition, it 
has been demonstrated that conditions of diabetes 
may negatively influence the expression and 
activity of ABCA1 and thus contribute to the 
worsening of lipid abnormalities and 
cardiovascular risks [17]. 
ABCA1 gene has been extensively researched on 
genetic polymorphisms of the gene to associate 
with T2DM, CAD and lipid abnormalities. Several 
SNP modifications have been shown to have varied 
associations among populations such as rs2230806; 

rs1800977; rs4149313 and rs1800976 [18]. 
Although the inconsistent associations were 
observed between rs1800977 and T2DM and lipid 
profiles, there is emerging evidence suggesting that 
the promoter region variant, which is rs1800976, 
can be a more significant factor in the gene 
expression and cardiovascular risk [19]. Research 
in other populations has mentioned that the 
association between the risk of CAD, the 
modifications in the lipid parameters and the 
inflammatory reactions have been linked to the 
presence of the rs1800976 [20]. 
Although these results were obtained, a major gap 
in the research is the role of the ABCA1 
polymorphisms in the comorbidity of the T2DM 
and CAD, especially in the Indian population. Prior 
research has investigated T2DM and CAD 
separately, and there have been few studies that 
investigate their co-occurring tendency and mutual 
genetic predisposition. Since the diseases have a 
high burden in India and the possibility of ethnic 
and environmental effects exist, population-specific 
research is needed. 
Thus, the current research was aimed at examining 
how the association of ABCA1 gene polymorphism 
(rs1800977 and rs1800976) with T2DM and CAD, 
as well as with their co-occurrence (T2DM+CAD) 
was associated with a North Indian population in 
Haryana. Also, the paper seeks to determine the 
association between these genetic variations and 
both clinical and biochemical measures to gain 
further insight into their contribution to 
cardiometabolic risk. 
2. Materials and methods  
2.1 Study Design and Population 
The study was planned as a case control study of an 
observational type to test the association between 
the polymorphisms in the ABCA1 gene and a 
predisposition to type 2 diabetes mellitus (T2DM), 
coronary artery disease (CAD), and the two 
syndromes (T2DM+CAD). There were 600 
respondents who were registered and divided into 4 
categories which included healthy controls 
(n=150), T2DM (n=150), CAD (n=150), and 
T2DM+CAD (n=150). 
The participants were recruited in various tertiary 
care hospitals in various geographical locations in 
Haryana, North India. Individuals aged ≥35 years 
were included. T2DM was diagnosed according to 
Indian Council of Medical Research (ICMR) 
criteria (fasting blood glucose ≥126 mg/dL and/or 
HbA1c ≥6.5%). CAD cases were angiographically 
established with 50 percent luminal constriction in 
one of the major coronary arteries. 
The exclusion criteria were diabetes mellitus type 
1, gestational diabetes, chronic kidney disease, 
malignancies, acute infections, and other severe 
systemic illnesses that may affect metabolic or 
biochemical values. 
2.2 Sample Size and Power 
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The sample size was estimated by using the 
previous allele frequencies, the expected odds ratio 
of 2.0 -3.0, 95% confidence level and 80% 
statistical power. The group sizes needed 120 
subjects, but more samples were needed to enhance 
strength and minimize sampling error, and this was 
150 subjects per group. In that way, 600 subjects 
were researched. The post hoc power analysis 
established that the study had more than 80 percent 
of power to report significant genetic associations. 
2.3 Ethical Approval 
The protocol of the study was endorsed by the 
Institutional Ethics Committee, Kurukshetra 
University, Haryana, India (Approval No.: 
IHEC/23/20). Each process took place as per the 
"declaration of Helsinki". Informed consent was 
obtained by way of written sources of all the 
participants before the samples were collected. 
2.4 Clinical and Biochemical Examination. 
Age, gender, and medical history were among the 
demographic and clinical variables gathered by 
structured questionnaires. The body mass index 
(BMI) was calculated using the anthropometric 
measures of weight and height. Blood pressure was 
measured using the usual clinical protocols. 
"Venous blood samples were sampled by overnight 
fasting. The biochemical parameters such as fasting 
blood glucose (FBG), total cholesterol (TC), 
triglycerides (TG), low-density lipoprotein 
cholesterol (LDL-C), and high-density lipoprotein 
cholesterol (HDL-C)" were analyzed with the help 
of standard enzyme methods on semi-automated 
analyser (ERBA Chem-7). The level of glycated 
haemoglobin HbA1c and fasting insulin was also 
determined through standard laboratory tests. 
2.5 Genotyping of ABCA1 gene for SNPs 

rs1800977 and rs1800976  
Genotyping of ABCA1 polymorphisms (rs1800977 
and rs1800976) was performed using PCR-RFLP. 
PCR amplification was carried out in a 25μL 
reaction using specific primers under standard 
conditions. The products were digested with 
Alw26I and Bsp1286I and analyzed on 1.5–2% 
agarose gel. rs1800977 produced fragments of 345 
bp (CC), 310/35 bp (TT), and 345/310/35 bp (CT) 
(Figure 1), while rs1800976 yielded 345 bp (CC), 
308/37 bp (GG), and 345/308/37 bp (CG) (Figure 
2). 

 
Figure 1: Restriction Digestion products of 

ABCA1 gene at SNP rs1800977. Lane 5 shows 
100 bp ladder, Lanes 1,2,3,4,6,7 show restriction 

pattern by enzyme Alw26I. 

 
Figure 2: Restriction Digestion products of 

ABCA1 gene at SNP rs1800976. Lane 26 shows 
100 bp ladder, Lanes 1-25 show restriction 

pattern by enzyme Bsp1286I. 
2.6 Statistical analysis 
The statistical analysis was carried out using IBM 
SPSS software, specifically version 31.0. 
Frequencies and percentages were used to represent 
categorical variables, while standard deviation and 
mean were employed to represent continuous 
attributes. To compare the groups, independent 
sample t-tests were used. 
"Pearson chi-square (χ²) test was used to analyze 
genotype and allele frequencies. Polymorphisms 
were analysed using odds ratios (ORs) with 95% 
confidence intervals (CIs)" of association with 
disease risk. Genetic models such as additive, 
recessive, dominant and heterozygous were 
determined. There was Bonferroni correction (p < 
0.017). The data was analyzed through SHEsis Plus 
software to analyse the haplotype. 
3. Results 
3.1 Clinical and Biochemical Characteristics 
All the groups' biochemical and clinical data is 
included in Table 1. No statistically significant 
difference was found (p > 0.05) in the composition 
of the mean age of the various groups. 
The systolic and diastolic blood pressure (SBP and 
DBP, respectively) were both found to be 
significantly increased in T2DM, CAD, and 
T2DM+CAD groups when compared to controls (p 
< 0.05). The levels of "fasting blood glucose 
(FBG), and HbA1c were significantly higher in 
T2DM and T2DM+CAD groups (p < 0.05) but the 
difference was not significant in the CAD group (p 
> 0.05)" 
The lipid profile analysis revealed a strong "level of 
total cholesterol (TC), triglycerides (TG), and low-
density lipoprotein cholesterol (LDL-C) and a low 
level of high-density lipoprotein cholesterol (HDL-
C) in all patient groups than controls (p < 0.05). 
These changes were the most evident in the 
T2DM+CAD group" 
The levels of fasting insulin were considerably 
higher in the T2DM, and T2DM+CAD groups 
compared to the controls (p < 0.05), but the CAD 
group did not vary significantly from the controls 
(p > 0.05). 

Table 1. Comparison of clinical parameters 
among different groups 
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3.2 Genotype and Allele Distribution of 

ABCA1 Polymorphisms 
rs1800977 
Study groups' genotype and allele distributions for 
SNP rs1800977 are shown in Table 2. Genotype 
distributions for CC, CT, and TT were comparable 
between the two groups of people. When 
comparing T2DM, CAD, or T2DM+CAD 
genotypes and allele frequencies, no statistically 
significant differences were found (p > 0.05). 
Additive, dominant, recessive, and heterozygous 
genetic model analysis did not also reveal any 
significant association with disease status following 
Bonferroni correction. 
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Table 3 indicates that SNP rs1800976 did not show 
significant differences in genotype or allele 
frequencies in the T2DM group compared to 
controls. In contrast, the CAD group exhibited a 
higher frequency of the GG genotype and G allele, 
suggesting increased risk. The T2DM+CAD group 
also displayed significant variations. Genetic model 
analysis confirmed that the GG genotype is linked 
to a higher risk in both the CAD and T2DM+CAD 
groups. 
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"*p-values are uncorrected. Bonferroni correction 
for multiple comparisons sets" the significance 
threshold at p < 0.017. 
3.3 Association of rs1800977 Genotypes with 

Clinical Parameters 
Table 4 reveals the relationship between the 
genotypes of the association (rs1800977) of 
genotype CC versus CT +TT and the clinical 
parameters. There were no notable differences 
between control and T2DM groups (p > 0.05). 
CT + TT genotypes were significantly less in SBP 
(p = 0.028), DBP (p = 0.001), triglycerides (p = 
0.001) and HDL-C (p = 0.001) and total cholesterol 
(p = 0.021) in the CAD group. 
CT +TT genotypes in T2DM +CAD were related to 
reduced SBP (p = 0.004), DBP (p < 0.001), and 
total cholesterol (p = 0.003). 

Table 4. Statistical analysis of association of 
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3.4 Association of clinical parameters and 

genotype distribution of SNP rs1800976 
The correlation of the genotypes of rs1800976 (CC 
vs CG +GG) with the biochemical parameters is 
demonstrated in Table 5. There were no great 

differences found between control and T2DM 
groups (p > 0.05). 
The genotypes CG+GG in the CAD group had a 
significant difference in the levels of triglycerides 
(p = 0.021) and HDL-C levels (p = 0.013). 
CG+GG genotypes were found to have an 
increased level of triglycerides (p = 0.004), reduced 
HDL-C (p = 0.036), increased total cholesterol (p = 
0.020) and raised DBP (p = 0.007) in T2DM+CAD. 

Table 5: Comparison of Clinical and 
Biochemical Parameters Between Genotypes 
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3.5 Haplotype analysis 
The result of haplotype analysis is presented in 
Table 6. CG (OR = 2.20, p < 0.001) and TG (OR = 
2.60, p < 0.001) haplotypes were also highly 
prevalent, and less prevalent in the CAD group, and 
CC (OR = 0.51, p = 0.0007) and TC (OR = 0.42, p 
< 0.001). 
The same tendency was noted in the T2DM+CAD 
group with the increase of CG (OR = 1.95, p = 
0.001) and TG (OR = 2.34, p = 0.003) haplotypes 
at the expense of the CC and TC ones. 
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There were no considerable differences in the 
T2DM group (p > 0.05). 
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4. Discussion 
The current research assessed the relation between 
ABCA1 gene polymorphisms (rs1800977 and 
rs1800976) and T2DM and CAD, as well as their 
presence in the case of their combination in a 
population in North India. The biochemical results 
showed that there was a significant change in lipid 
profile, glycemic and blood pressure levels 
especially in the T2DM+CAD group, which 
showed an increased cardiometabolic risk. These 
findings are in line with the earlier research that 
dyslipidemia and hyperglycemia are known to 
interact with acceleration of atherosclerosis and 
cardiovascular complications [21,22]. 
Genetic analysis showed that there is no significant 
correlation between the disease susceptibility and 
the rs1800977, which is consistent with previous 
findings that show it plays a limited and non-
reliable role in different populations [23,24]. 
Conversely, rs1800976 was highly associated with 
CAD and T2DM+CAD where G and GG 
genotypes were associated with higher risk. This 
has been also reported in prior studies which have 
indicated that ABCA1 promoter variants influence 
cholesterol efflux and HDL metabolism and are 
thus contributory to atherosclerotic progression 
[25,26]. 
Moreover, the genotype-phenotype correlation 
showed that the variations of the genotype of the 
rs1800976 gene were linked to poor lipid profiles, 
such as high triglycerides and low levels of HDL-
C, which is why it is believed that the genotype is 
functional in the process of lipid regulation. 
Haplotype analysis also found out that CG and TG 
haplots were related with higher disease risk, but 
CC and TC were found to be protective. These 
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results are consistent with the findings of studies 
indicating that joint genetic influences could be 
more significant on cardiometabolic vulnerability 
compared to SNPs alone [27]. 
5. Conclusion 
In conclusion, this study demonstrates that genetic 
variants rs1800977 and rs1800976 significantly 
influenced biochemical profiles in CAD and 
CAD+T2DM patients but not in healthy or T2DM-
only individuals in the population of Haryana state. 
Our findings support the role for ABCA1 variants 
in cardiovascular risk among diabetic patients. 
While rs1800977 showed limited associations, 
rs1800976 might be a significant predictor of CAD 
and combined T2DM+CAD, indicating its 
importance as a genetic marker for risk 
stratification. Larger multi-ethnic research and 
functional analyses are needed to validate these 
results and investigate therapeutic applications in 
precision medicine. 
Acknowledgements 
The authors are thankful to HSCSIT, Haryana, for 
providing funds for the study. 
References 

1. Federation ID. IDF Diabetes Atlas 
Brussels. Belgium: international diabetes 
federation. 2021. 

2. Abdul Basith Khan M, Hashim MJ, King 
JK, Govender RD, Mustafa H, Al Kaabi J. 
Epidemiology of type 2 diabetes—global 
burden of disease and forecasted trends. 
Journal of epidemiology and global health. 
2020 Mar;10(1):107-11. 

3. Siam NH, Snigdha NN, Tabasumma N, 
Parvin I. Diabetes mellitus and 
cardiovascular disease: exploring 
epidemiology, pathophysiology, and 
treatment strategies. Reviews in 
Cardiovascular Medicine. 2024 Dec 
11;25(12):436. 

4. Yoon HY, Lee MH, Song Y, Yee J, Song 
G, Gwak HS. ABCA1 69C> T 
polymorphism and the risk of type 2 
diabetes mellitus: a systematic review and 
updated meta-analysis. Frontiers in 
Endocrinology. 2021 Apr 23;12:639524. 

5. Li C, Fan D. Association between the 
ABCA1 rs1800977 polymorphism and 
susceptibility to type 2 diabetes mellitus in 
a Chinese Han population. Bioscience 
Reports. 2018 Mar 9;38(2):BSR20171632. 

6. Fan SL, Li X, Chen SJ, Qi GX. ABCA1 
rs4149313 polymorphism and 
susceptibility to coronary heart disease: a 
meta‐analysis. Annals of Human Genetics. 
2014 Jul;78(4):264-76. 

7. Fouladseresht H, Khazaee S, Javad 
Zibaeenezhad M, Hossein Nikoo M, 
Khosropanah S, Doroudchi M. 
Association of ABCA1 haplotypes with 

coronary artery disease. Laboratory 
Medicine. 2020 Mar 10;51(2):157-68. 

8. Matsuzawa Y, Lerman A. Endothelial 
dysfunction and coronary artery disease: 
assessment, prognosis, and treatment. 
Coronary artery disease. 2014 Dec 
1;25(8):713-24. 

9. Jebari-Benslaiman S, Galicia-García U, 
Larrea-Sebal A, Olaetxea JR, Alloza I, 
Vandenbroeck K, Benito-Vicente A, 
Martín C. Pathophysiology of 
atherosclerosis. International journal of 
molecular sciences. 2022 Mar 
20;23(6):3346. 

10. Dal Canto E, Ceriello A, Rydén L, Ferrini 
M, Hansen TB, Schnell O, Standl E, 
Beulens JW. Diabetes as a cardiovascular 
risk factor: An overview of global trends 
of macro and micro vascular 
complications. European journal of 
preventive cardiology. 2019 
Dec;26(2_suppl):25-32. 

11. Wang J, Xiao Q, Wang L, Wang Y, Wang 
D, Ding H. Role of ABCA1 in 
cardiovascular disease. Journal of 
Personalized Medicine. 2022 Jun 
20;12(6):1010. 

12. He Y, Ronsein GE, Tang C, Jarvik GP, 
Davidson WS, Kothari V, Song HD, 
Segrest JP, Bornfeldt KE, Heinecke JW. 
Diabetes impairs cellular cholesterol 
efflux from ABCA1 to small HDL 
particles. Circulation research. 2020 Oct 
9;127(9):1198-210. 

13. Vergès B. Dyslipidemia in type 1 diabetes: 
a masked danger. Trends in 
Endocrinology & Metabolism. 2020 Jun 
1;31(6):422-34. 

14. Jaiswal M, Schinske A, Pop-Busui R. 
Lipids and lipid management in diabetes. 
Best Practice & Research Clinical 
Endocrinology & Metabolism. 2014 Jun 
1;28(3):325-38. 

15. Haghvirdizadeh P, Ramachandran V, 
Etemad A, Heidari F, Ghodsian N, Bin 
Ismail N, Ismail P. Association of ATP‐
binding cassette transporter A1 gene 
polymorphisms in type 2 diabetes mellitus 
among Malaysians. Journal of diabetes 
research. 2015;2015(1):289846. 

16. Lu Z, Luo Z, Jia A, Yu L, Muhammad I, 
Zeng W, Song Y. Associations of the 
ABCA1 gene polymorphisms with plasma 
lipid levels: A meta-analysis. Medicine. 
2018 Dec 1;97(50):e13521. 

17. Schelling JR. The contribution of 
lipotoxicity to diabetic kidney disease. 
Cells. 2022 Oct 14;11(20):3236. 

18. Singaraja RR, Visscher H, James ER, 
Chroni A, Coutinho JM, Brunham LR, 



Occurrence of G allele at rs1800976 of ABCA1 gene in North Indian population (Haryana) confers increased 
susceptibility to atherosclerotic complications in diabetic individuals 

 

IJDDT, Volume 16 Issue 61s, 2026 Page 272 

 

Kang MH, Zannis VI, Chimini G, Hayden 
MR. Specific mutations in ABCA1 have 
discrete effects on ABCA1 function and 
lipid phenotypes both in vivo and in vitro. 
Circulation research. 2006 Aug 
18;99(4):389-97. 

19. Yadav T, Yadav A, Jafri A, Swaroop S. 
Association of ABCA1 gene with 
Coronary Artery Disease (CAD): an 
overview. Egyptian Journal of Medical 
Human Genetics. 2023 Nov 11;24(1):74. 

20. Oram JF, Heinecke JW. ATP-binding 
cassette transporter A1: a cell cholesterol 
exporter that protects against 
cardiovascular disease. Physiological 
reviews. 2005 Oct;85(4):1343-72. 

21. Kathiresan S, Melander O, Guiducci C, 
Surti A, Burtt NP, Rieder MJ, Cooper 
GM, Roos C, Voight BF, Havulinna AS, 
Wahlstrand B. Six new loci associated 
with blood low-density lipoprotein 
cholesterol, high-density lipoprotein 
cholesterol or triglycerides in humans. 
Nature genetics. 2008 Feb;40(2):189-97. 

22. Ridker PM, Everett BM, Thuren T, 
MacFadyen JG, Chang WH, Ballantyne C, 
Fonseca F, Nicolau J, Koenig W, Anker 
SD, Kastelein JJ. Antiinflammatory 
therapy with canakinumab for 
atherosclerotic disease. New England 
journal of medicine. 2017 Sep 
21;377(12):1119-31. 

23. Teslovich TM, Musunuru K, Smith AV, 
Edmondson AC, Stylianou IM, Koseki M, 
Pirruccello JP, Ripatti S, Chasman DI, 
Willer CJ, Johansen CT. Biological, 
clinical and population relevance of 95 
loci for blood lipids. Nature. 2010 Aug 
5;466(7307):707-13. 

24. Ma RC, Chan JC. Type 2 diabetes in East 
Asians: similarities and differences with 
populations in Europe and the United 
States. Annals of the New York Academy 
of Sciences. 2013 Apr;1281(1):64-91. 

25. Kaur R, Kaur M, Singh J. Endothelial 
dysfunction and platelet hyperactivity in 
type 2 diabetes mellitus: molecular 
insights and therapeutic strategies. 
Cardiovascular diabetology. 2018 Aug 
31;17(1):121. 

26. Singh J, Kumar V, Aneja A, Singh J. 
Genetic polymorphisms in ABCA1 
(rs2230806 and rs1800977) and LIPC 
(rs2070895) genes and their association 
with the risk of type 2 diabetes: a case 
control study. International Journal of 
Diabetes in Developing Countries. 2022 
Apr;42(2):227-35. 

27. Shen J, Li Z, Chen J, Song Z, Zhou Z, Shi 
Y. SHEsisPlus, a toolset for genetic 

studies on polyploid species. Scientific 
reports. 2016 Apr 6;6(1):24095. 


