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Abstract

Cannabis sativa L., commonly known as hemp, is a plant native to Central Asia. It is well known for its
cannabinoid compounds, which have significant potential for medical applications. Recognizing the economic
and medical value of hemp, the Thai government has permitted its cultivation for commercial, medical, and
research purposes. However, a comprehensive understanding of hemp genetics is crucial to support industry
expansion and enhance future breeding programs. This study investigated the genetic diversity of 37 hemp
accessions collected in northern Thailand, along with two reference varieties (RPF1 and RPF2). Using
DArTSeqg-based genotyping-by-sequencing and whole-genome sequencing technologies, we identified 3,609
single nucleotide polymorphisms (SNPs). STRUCTURE analysis, principal component analysis (PCA), and
neighbor-joining analysis consistently identified three genetic clusters; however, these clusters did not correlate
with geographical locations. Genetic differentiation among clusters was observed (fixation index, Fst = 0.064-
0.079; Nei’s coefficient of genetic differentiation, Nei’s Gst = 0.058-0.078). Total genetic diversity estimated
(expected heterozygosity, He = 0.348; observed heterozygosity, Ho = 0.092). Global inbreeding (Fir = 0.033)
and molecular variance (4.83%) suggested low to moderate genetic differentiation, while the high inbreeding
coefficient (Fis = 0.737) indicated substantial inbreeding within clusters. The genetic data from this study provide
a resource for developing molecular markers to distinguish hemp varieties, supporting selective breeding efforts.
These findings will contribute to improving agronomic traits, conserving genetic diversity, and ensuring the
sustainable use of hemp genetic resources.

Keywords: Cannabis sativa, DArTseq genotyping, Genetic diversity, Single nucleotide polymorphisms,
STRUCTURE

1 Introduction India and the Middle East before reaching other
countries [2]. The prominent species in the
Cannabaceae family are Cannabis sativa (hemp) and
Cannabis indica (marijuana). Besides these two main

The genus Cannabis (2n=20) has long been
domesticated and has coexisted with mankind. It is a

dioecious, annual herb belonging to the family
Cannabaceae [1]. The center of origin is believed to
have been in Central Asia, from where it spread to

species, crossbreeding between them has produced
hybrid varieties with varying compositions and
properties [3]. Traditionally, cannabis plants have
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been classified based on their morphology and
chemical composition [4]. Hemp is a fiber-type
variety of cannabis that is rich in cannabidiol (CBD)
and related compounds while containing little to no
psychoactive delta-9-tetrahydrocannabinol (THC).
The drug-type variety, commonly referred to as
marijuana, has high levels of THC and has long been
used for medicinal or recreational purposes. Hemp has
been historically utilized for textiles and food
production [5]. CBD has gained popularity in clinical
research due to its non-intoxicating effects. It is used
to treat epilepsy, substance use disorders, and to
manage pain associated with rheumatoid arthritis, and
various skin conditions [6], [7]. THC, which has
psychoactive effects, has recently been found to be
effective in the treatment of Alzheimer’s disease [8]
and glaucoma [9].

With the increasing recognition of hemp’s
importance and benefits, the Thai government has
permitted its cultivation for commercial, medical, and
research purposes [10], [11]. However, no official
hemp breeding program currently exists in Thailand.
Molecular techniques and morphological markers
have been used to study hemp’s genetic diversity.
DNA sequence-based approaches are now more
widely adopted because morphological characteristics
are influenced by environmental factors, and
molecular markers can be technically challenging to
analyze [12], [13].

Plant diversity can be examined using various
molecular techniques, such as Random Amplified
Polymorphic DNA (RAPD), Amplified Fragment
Length Polymorphism (AFLP), and Simple Sequence
Repeats (SSR). Each technique has distinct
advantages and limitations, including increased
complexity, lengthy processing time, or high costs
[14]-[17]. For these reasons, this study utilized the
Diversity Arrays Technology (DArT) method, which
originated from the solid-state method and is used to
analyze DNA polymorphisms across the genome [18].

Genetic diversity is a crucial parameter for
assessing the evolutionary history, conservation status,
and breeding potential of plant varieties. Separating
cannabis strains into genetically distinct groups is
essential for understanding their evolutionary history
and practical potential. Identifying clear population
structure allows researchers to more effectively
associate genetic backgrounds with important traits
such as fiber quality, cannabinoid content, and stress
tolerance. This separation also provides a foundation
for more accurate genome-wide association studies

(GWAS) and targeted breeding strategies [19]. For
example, Sawler et al., [20] demonstrated strong
genetic differentiation between hemp and drug-type
cannabis, with implications for both breeding and
regulation. Gao et al., [21] focused on fiber-type hemp
varieties with shared traits, offering insights into
industrial improvement. Similarly, Vergara et al., [22]
analyzed groups with similar chemotypes to highlight
the risk of genetic erosion due to uncontrolled
hybridization. Studying well-defined groups not only
enhances breeding efficiency but also supports the
conservation of genetic resources, ultimately
advancing both scientific research and commercial
development.

DArTseq is a high-throughput genotyping
technology designed to efficiently detect single
nucleotide polymorphisms (SNPs) across multiple
genomic locations. It employs restriction enzyme
digestion to reduce genome complexity so that the
predominantly active-low copy sequence areas are
selected. These selected fragments are then ligated to
adaptors, amplified, and sequenced using next-
generation sequencing (NGS) platforms. By focusing
on a representative fraction of the genome rather than
sequencing the entire genome, DArTseq provides a
cost-effective and scalable solution for genetic
diversity  studies, molecular breeding, and
conservation research [23].

In Thailand, numerous researchers have studied
hemp, focusing on its fiber properties and bioactive
chemical compounds for medical applications [24]—
[27]. However, genetic research on hemp remains
limited. Understanding genetic diversity and variation
is crucial for the development of future breeding
programs. Comprehensive genetic studies are
necessary to determine whether hemp cultivars
collected from different regions in Thailand share
genetic similarities or exhibit distinct genetic
diversity. Such insights will contribute to effective
germplasm management and the improvement of
hemp varieties.

This study examined the genetic data of 37 hemp
accessions collected from northern Thailand, along
with two reference varieties (RPF1 and RPF2). The
accessions were genotyped for SNP variation using
DArTSeq-based genotyping-by-sequencing (GBS)
technology and whole-genome sequencing (WGS)
technologies. A phylogenetic dendrogram was
constructed to visualize genetic relationships among
accessions, and population structure analysis was
performed to infer genetic subgroups.
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2 Materials and Methods
2.1 Hemp seed collection

Hemp samples were collected from three provinces in
northern Thailand (Figure 1). Seeds were germinated
in seed trays and cultivated at a plantation in Doi Lo
District, Chiang Mai, Thailand (GPS: 18°33'57.2"N
98°48'54.0"E). Leaf samples (55 days old) from the 37
accessions (KU) and two reference varieties (RPF)
(Table S1) were harvested and immediately kept on
ice until DNA extraction.

Mae Hong Son Chiang Mai

.‘.i},g:g

Figure 1: Map of Thailand showing northern Thailand
(left) and the three provinces (right) where hemp
accessions were collected. Red symbols represent the
collection sites.

2.2 DNA extraction

DNA was extracted from 100 mg of young leaf tissue
using the GenUP™ Plant DNA Kit (Biotechrabbit,
Germany). DNA quality was assessed using a
NanoDrop spectrophotometer (Thermo Scientific,
USA) and by performing 1% agarose gel
electrophoresis in TBE buffer at 120 V. For KU
accessions, the DNA was digested with EcoRI
restriction enzyme (New England Biolabs, USA), and
the digested products were re-analyzed using 1%
agarose gel electrophoresis.

2.3 DNA sequencing

For next-generation sequencing, the 37 KU accessions
were sent to Diversity Arrays Technology Pty Ltd.
(Canberra, ACT, Australia) for whole-genome
profiling using DArTseq genotyping-by-sequencing
(GBS) [28]. Meanwhile, the RPF accessions
underwent whole genome sequencing at BGI
Genomics (Shenzhen, China), where sequencing was

performed using an Illumina Hiseq 2000 system
(Ilumina, CA, USA).

2.4 Sequence analysis

Sequencing data from DArTseq and whole-genome
approaches were quality-checked using FastQC
version 0.11.9 [29], and low-quality reads were
trimmed from FASTQ files using Trimmomatic
version 0.39 [30]. High-quality reads were aligned to
the reference genome (hemp genome version csl10)
and reformatted into BAM format using the Burrows-
Wheeler Aligner (BWA) version 0.7.17 [31] and
SAMtools version 1.10 [32]. The resulting BAM files
were used for variant calling with GATK version
4.1.8.1 [33], generating a variant call format (VCF)
file. The VCF file, containing single nucleotide
polymorphisms (SNPs) and insertion/deletion (indel)
data, was filtered using BCFtools version 1.10 [34]
with a QUAL threshold greater than 20% and a minor
allele frequency (MAF) greater than 5 %. Annotation
of variants was subsequently performed using SnpEff
version 5.1 [35]. The dendrogram was constructed
using the weighted neighbor-joining method [36] with
MEGAI11 [37].

2.5 Population structure and data analysis

The population structure was analyzed using
STRUCTURE version 2.3.4 software [38]. The
number of hypothetical clusters (K) was set from 1 to
10, with five replicates for each K value.
Subpopulations were inferred using an admixture
model with a burn-in period of 50,000 cycles and
100,000 Markov Chain Monte Carlo (MCMC) cycles.
The optimal K value was determined using the Evanno
method [39] and visualized using the pophelper
version 2.3.1 [40] package in R. The expected
heterozygosity (Hg), observed heterozygosity (Ho),
inbreeding coefficient (Fis), global inbreeding
coefficient (Fir), and gene flow (Nm) were calculated
using adegenet version 2.1.10 [41] and hierfstat
version 0.5-11 [42] in R. Nei’s coefficient of gene
differentiation (Gsr) was estimated using vcfR version
1.15.0 [43]. Analysis of molecular variance (AMOVA)
and the Shannon-Wiener diversity index (H) were
computed using poppr version 2.9.5 [44]. Principal
component analysis (PCA) and pairwise Fsr were
performed using the SNPRelate package version
1.36.0 [45] in R.
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3 Results and Discussion
3.1 DNA extraction and Sequence analysis

Hemp leaves collected from the Doi Lo plantation and
transported under cold conditions to the laboratory
exhibited signs of cold damage, where leaf tissue
turned brown in areas directly exposed to ice. Such
physical symptoms suggest underlying cellular stress,
which can negatively impact molecular integrity.
Rapid temperature fluctuations and frostbite can
compromise DNA quality in plant tissues by
disrupting cellular structures and inducing oxidative
stress [46], [47]. These stress responses often result in
DNA fragmentation or chemical modification,
ultimately affecting the success of downstream genetic
analyses. Sequence comparison among all accessions
from DArTseq and whole-genome sequencing
identified 3,609 SNPs. Most SNPs were mapped to
chromosome 2 (12.86% or 464 SNPs), followed by an
approximately equal distribution across chromosomes
1, 10, and 4 (10.20-11.86%), with lower distributions
across the remaining chromosomes (7.8-9.8%).
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Figure 2: Dendrogram of 37 hemp accessions and
two reference varieties constructed using the
neighbor-joining method. The colors of the branches
illustrate the clustering of hemp accessions.

A dendrogram constructed using the neighbor-
joining method (Figure 2) revealed three distinct
clades. However, the grouping did not correspond to
the accessions’ geographical origins. This suggests the
presence of gene flow among populations, as
accessions from Chiang Mai, Tak, and Mae Hong Son
were distributed across all clades. The control variety
RPF1, located in clade 1, exhibited the highest genetic

similarity to KU053 from Mae Hong Son province, yet
also formed a sister group with KU006 and KU017
from Chiang Mai and Tak, respectively. Conversely,
RPF2 shared the highest similarity with KUOOS from
Chiang Mai in Cluster 2, which contained accessions
from all three provinces. The clustering pattern,
supported by bootstrap values exceeding 90% at
multiple nodes, indicates the robustness of the three
identified clades (bootstrap values not shown in Figure 2).
Bootstrap support values are widely used to evaluate
the reliability of inferred clades in phylogenetic trees.
In general, values above 95% indicate strong support,
values between 70-95% indicate moderate support,
and values below 70% suggest weak support [48]. In
this study, relationships between accessions supported
by bootstrap values >70% were considered acceptable
for interpreting sample clustering.

3.2 Genetic structure

The hemp accessions were grouped into populations
based on STRUCTURE analysis using 3,609 SNPs.
The highest AK value at K=3 indicated the presence of
three genetically distinct subpopulations, which
aligned well with the dendrogram (Figure 3). Each
subpopulation was designated as Cluster 1, Cluster 2,
and Cluster 3. Cluster 1 comprised 11 accessions
(15.39%), Cluster 2 included 22 accessions (56.41%),
and Cluster 3 contained 11 accessions (28.20%), as
shown in Figure 4. Compared to the dendrogram, the
only discrepancies were observed in the RPF2 and
KUOO5 accessions, which were assigned to Cluster 1
according to STRUCTURE analysis but were placed
in Cluster 2 in the dendrogram.
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Figure 3: Population structure of 37 hemp accessions
and two reference varieties. The number of
subpopulations is indicated by the highest AK value.
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Figure 4: Population structure of 37 hemp accessions
and two reference varieties. The proportion of
individuals corresponding to each cluster is shown.
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Figure 5: Principal component analysis (PCA) of 37

hemp accessions and two reference varieties using

DArTseq-based SNPs. Colored dots represent hemp

samples, and colored oval shapes indicate clustering.

PCA illustrated clear separation into three
distinct groups (Figure 5), which corresponded well
with the STRUCTURE analysis, further supporting
significant genetic divergence among clusters. The
observed clustering patterns in both PCA and
STRUCTURE likely reflect underlying biological and
anthropogenic factors. The high level of admixture in
Cluster 2 suggests extensive gene flow, which may
result from local seed exchange or unintentional
hybridization during cultivation. In contrast, Clusters
1 and 3 appeared more genetically distinct, which
could reflect lineage conservation, localized selection,
or reduced gene flow due to geographic or agronomic
isolation. The inclusion of reference varieties within
Cluster 1 further supports the possibility that this
group represents more conserved or historically
important genotypes. The lack of clear geographic
separation among clusters indicates that human
activity, particularly seed distribution practices, may
play a more influential role in shaping genetic
structure than geography alone [49], [50].

Table 1. Pairwise genetic differentiation between
populations based on STRUCTURE analysis.

Cluster Pair Fsr Nei’s Gst Nm

Cluster 1 and Cluster 2 0.079 0.078 2.951
Cluster 1 and Cluster 3 0.079 0.058 4.086
Cluster 2 and Cluster 3 0.067 0.067 3.504

Fsr = fixation index; Nei’s Gsr = Nei’s coefficient of gene

differentiation; Nm = gene flow

The F-statistic is a useful metric for inferring
genetic diversity within and between populations. The
fixation index (Fsr), along with Nei’s Gst, IS
commonly used to estimate genetic differentiation,
where a value close to 0 indicates minimal genetic
differentiation, while a value close to 1 suggests very
high genetic differentiation. [51], [52]. Pairwise
comparisons are presented in Table 1. Both Fsr and
Nei’s Gsr values were relatively similar for each pair
of clusters. The Fsr values ranged from 0.067-0.079,
while Nei’s Gst values ranged from 0.058-0.078,
indicating low to moderate differentiation. Gene flow
(Nm) is another important parameter for measuring
the level of genetic exchange between populations. A
value below 1 suggests low gene flow, whereas a value
greater than 1 indicates high gene flow [53]. In this
study, high Nm values (ranging between 2.951-4.086)
were observed between clusters (Table 1). Thus, the
hemp accessions analyzed in this study were not
genetically isolated, indicating that genetic exchange
has occurred. Hemp dispersal likely occurs through
the transport of pollen and seeds between populations,
or over longer distances via humans, other animals,
including birds [54], [55].

The AMOVA results indicated significant
structure clustering (p-value = 0.01-0.04) and low
genetic variation between populations (4.83%) as
shown in Table 2. The high within-sample genetic
variation (94.85%) suggested that most genetic
diversity was present within individuals rather than
between populations. This finding aligned with
previous studies on Moroccan cannabis germplasm,
which used SSR markers and reported that genetic
differentiation accounted for only 16% of the total
molecular variance. The greatest genetic variability
was observed within individuals (65%), which was
attributed to high heterozygosity among individuals [56].
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Table 2: AMOVA results based on genetic clusters inferred from STRUCTURE analysis.

AK=3 Df Mean Sq Variance % Phi Statistic p-value
Between Pops 2 918.96 29.48 4.83 0.052 0.01
Between samples Within Pops 7 585.16 1.95 0.32 0.003 0.04
Within-samples 29 578.36 578.36 94.85 0.048 0.01
Total 38 597.54 609.79 100.00

Df = degrees of freedom; Mean Sq = mean square
3.3 Genetic diversity

The genetic diversity of hemp across the three clusters
was evaluated using various indices, including H, He,
Ho, Fis, and Fyt, as shown in Table 3. Cluster 3
exhibited the highest genetic diversity, with an H
value of 3.090, indicating a more genetically variable
population compared to Clusters 1 and 2. He reflects
the potential genetic variability under ideal conditions,
ranging from 0.324 to 0.383 across clusters. Ho,
measuring the actual observed variation, was
significantly lower (0.120 to 0.245), indicating a
deficiency in heterozygosity within all clusters. This
deficit may result from inbreeding or historical genetic
drift.

The large differences between He and Ho in
Clusters 2 and 3, combined with high Fs values (0.939
and 0.957, respectively), suggest reduced genetic
variation, possibly due to limited gene flow or the
repeated use of genetically similar parental lines.
From a breeding perspective, this may constrain the
development of improved cultivars and reduce
population  adaptability. For cannabis  users,
particularly in medical or industrial applications, such
genetic limitations may lead to variability in
cannabinoid composition, flowering time, or fiber
characteristics. Preserving adequate heterozygosity is
therefore essential to ensure the stability, uniformity,
and overall quality of hemp-derived products.

Although Fis values indicate non-random mating
and a trend toward homozygosity, likely driven by
selection for desirable traits (e.g., cannabinoid content
or disease resistance), the low Fir value (0.033)
suggests that owverall genetic diversity remains
considerable at the population level. Selective
breeding may explain the formation of distinct genetic
clusters, yet substantial variation is still preserved
across the broader hemp gene pool.

Table 3: Genetic diversity indices of hemp
populations inferred from STRUCTURE analysis.

Cluster N H He Ho Fis Fir
Cluster1 6 1.790 0.383 0.245 0.285 -
Cluster 2 11 2400 0.333 0.017 0.939
Cluster3 22 3.090 0.324 0.012 0.957 -
Total 39 3.660 0.348 0.092 0.737 0.033

4  Conclusions

This study collected and analyzed 37 hemp accessions
from three provinces in northern Thailand. Sequence
analysis, conducted alongside two reference varieties,
identified 3,609 SNPs, with the majority mapped to
chromosome 2. STRUCTURE analysis and PCA
confirmed the presence of three genetically distinct
clusters, consistent with the dendrogram constructed
using MEGAL11.

Genetic differentiation among clusters, based on
Fst and Nei's Gsr values, indicated low to moderate
divergence, while the high gene flow (Nm) suggests
continued genetic exchange. Low Ho and high Fis
values pointed to heterozygote deficiency and
inbreeding, although the overall population retained
considerable diversity (low Fir). These patterns reflect
the influence of selective breeding and potentially
limited genetic input.

The results provide a foundation for breeding
programs aimed at improving economically valuable
traits. SNPs identified in this research can be used for
plant selections in future programs (Table S2). While
hemp is not currently under threat in Thailand,
proactive conservation is critical to maintain genetic
diversity and prevent future erosion due to the
hybridization of unregulated expansion [20], [22].

Furthermore, the sustainable use of cannabis
resources should be guided by appropriate policy and
regulation to prevent unintended consequences for
public health and the environment [57], [58].
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Table S1: Origin of the 37 hemp accessions collected from the North of Thailand

No.  Name Place District Province No.  Name Place District Province

1 KU001 Samoeng Tai Samoeng Chiang Mai 20 KU026 Mae Sot Mae Sot Tak

2 KU002 Samoeng Tai Samoeng Chiang Mai 21 KU027 Tha Sai Luat Mae Sot Tak

3 KUO003 Samoeng Tai Samoeng Chiang Mai 22 KU028 Tha Sai Luat Mae Sot Tak

4 KUO005 Samoeng North Samoeng Chiang Mai 23 KU029 Mae Tao Mae Sot Tak

5 KUO006 Samoeng North Samoeng Chiang Mai 24 KU031 Mae Tao Mae Sot Tak

6 KU007 Samoeng North Samoeng Chiang Mai 25 KU032 Mae Tuen Mae Ramat Tak

7 KUO008 Samoeng North Samoeng Chiang Mai 26 KU034 Mae Tuen Mae Ramat Tak

8 KU009 Mae Ramat Mae Ramat Tak 27 KU036 Mae Tuen Mae Ramat Tak

9 KU010 Mae Charao Mae Ramat Tak 28 KU037 Mae Tuen Mae Ramat Tak

10 KUO011 Mae Tuen Mae Ramat Tak 29 KU040 Khun Yuam Khun Yuam Mae Hong Son
11 KU012 Sam Muen Mae Ramat Tak 30 KU045 Mae Yuam Noi Khun Yuam Mae Hong Son
12 KUO013 Phra That Mae Ramat Tak 31 KU046 Mueang Pon Khun Yuam Mae Hong Son
13 KUO015 Khiri Rat Phop Phra Tak 32 KU048 Mueang Pon Khun Yuam Mae Hong Son
14 KUO017 Phop Phra Phop Phra Tak 33 KU049 Mae Ngao Khun Yuam Mae Hong Son
15 KU018 Phop Phra Phop Phra Tak 34 KU051 Sop Moei Sop Moei Mae Hong Son
16 KU020 Chong Khaep Phop Phra Tak 35 KU053 Mae Yuam Mae Sariang Mae Hong Son
17 KU021 Chong Khaep Phop Phra Tak 36 KU059 Huai Pha Mueang Mae Hong Son
18 KU023 Na Bot Wang Chao Tak 37 KU063 Pang Mapha Pang Mapha Mae Hong Son
19 KU025 Mae Sot Mae Sot Tak

Table S2: Significant SNPs were identified between clusters; (A) Cluster 1 and 2 had 23 positions, (B) Cluster
2 and 3 had 33 positions, (C) Cluster 1 and 3 had 7 positions. REF: in reference genome, ALT: in accessions.

(A) Significant SNPs between Cluster 1 and 2

No. Chromosome Position REF ALT No. Chromosome Position REF ALT
1 Chrl 68562436 G C 13 Chré 16236114 C G
2 Chrl 98654960 G A 14 Chré 17889052 A G
3 Chr4 6117913 A G 15 Chr7 63538013 T A
4 Chr4 16644678 A C 16 Chr7 65773279 T C
5 Chr4 16646808 T C 17 Chrs 56035484 A G
6 Chr4 16646838 G A 18 Chr9 9211379 T C
7 Chr4 16646871 A T 19 Chr9 16173299 C A
8 Chr4 16646889 G A 20 Chr9 16173302 C T
9 Chr4 39578448 T C 21 Chr9 16173356 A G
10 Chr4 39578461 A G 22 Chr9 16173365 G A
11 Chr4 39578475 T C 23 ChrX 9368698 G A
12 Chr4 64913004 T C
(B) Significant SNPs between Cluster 2 and 3

No. Chromosome Position REF ALT No. Chromosome Position REF ALT
1 Chr2 8926327 C T 18 Chr8 47416709 G A
2 Chr2 8926333 C T 19 Chr8 47912299 T C
3 Chr2 82381590 G C 20 Chr8 48686648 C G
4 Chr3 1143943 G T 21 Chr8 57814538 C T
5 Chr3 94175626 T C 22 Chr8 58998798 G C
6 Chr4 3202367 o T 23 Chr9 23280070 A T
7 Chrs 27020508 T A 24 Chr9 32019340 G A
8 Chr5 27020526 T A 25 Chr9 32019358 T G
9 Chré 1689840 C T 26 Chr9 56095392 A G
10 Chré 3615222 G A 27 Chr9 56095431 A G
11 Chr6 3615224 G A 28 Chr9 56095441 C T
12 Chré 54834092 o T 29 ChrX 20856648 C T
13 Chré 74013034 C T 30 ChrX 58858194 G C
14 Chr6 74013094 C T 31 ChrX 99186616 C T
15 Chré 74271333 A G 32 ChrX 103949415 G A
16 Chr7 1714320 T C 33 ChrX 104310035 T C
17 Chr7 30896330 A T
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(C) Significant SNPs between Clusters 1 and 3

No. Chromosome Position REF ALT
1 Chr3 1049343 T A
2 Chr3 1049352 G C
3 Chr3 1049356 T A
4 Chr8 13842404 A G
5 Chr8 13842440 C T
6 ChrX 20856648 C T
7 ChrX 41760755 C G
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