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Genetic diversity assessment of winter wheat landraces and cultivars in
Xinjiang via SNP array analysis
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Abstract: Xinjiang is a major wheat production and consumption area in northwest China. Assessment of genetic diversities of
wheat landraces and cultivars in Xinjiang has great benefit for wheat cultivar breeding and improvement in this area. In this study,
a wheat 55K SNP (single nucleotide polymorphism) chip was employed to perform genome-wide scanning for the genetic diversi-
ties of 188 winter wheat varieties from Xinjiang, including 134 landraces and 54 modern cultivars. Our results showed that the
polymorphism ratio of the SNP loci was about 95.62% (50,743/53,063). Each chromosome contained 1068-2616 polymorphic
loci, and the polymorphic SNP marker number in three genomes was A > B > D. The genetic distance among the 188 wheat varie-
ties ranged from 0.002 to 0.723, with an average of 0.378. The genetic distance of 134 landraces was between 0.002 and 0.400,
with an average of 0.070, whereas that of 54 modern cultivars was between 0.004 and 0.337, with an average of 0.114. The ge-
netic distance between landraces and modern cultivars was between 0.605 and 0.723, with an average of 0.699. The clustering
results showed that all tested wheat materials could be divided into ten different groups. According to the comprehensive analyses
of SNP and pedigree, the genetic diversity was the largest between the cultivars and the landraces, medium between different land-
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landraces, and small between modern cultivars. Because the genetic diversity of Xinjiang winter wheat cultivars is not rich enough,
the wheat landraces should be used as the breeding materials in the future. Our data provide novel scientific basis and guidance for

breeding and improvement of wheat cultivars in Xinjiang.
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Table 1 Comparison of the genetic diversities in Xinjiang winter wheat landraces and modern cultivars
Polymorphism information content Genetic distance
Type
Mean Max. value Min. value Mean Max. value Min. value
Landraces 0.229 0.374 0.090 0.070 0.400 0.002
Cultivars 0.299 0.375 0.099 0.114 0.337 0.004
0.265 0.375 0.090 0.699 0.723 0.605

Between landraces and cultivars
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Fig. 2 Distribution of genetic distances among wheat landraces and cultivars
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Fig. 3 Phylogenetic tree of 188 wheat varieties in Xinjiang based on SNP
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Table 3 List of the varieties classified into different subgroups according to the SNP diversity

Group

Number of

variety

Variety name

II

I

v

VI

VII

47

23

18

25

, 4, 4 32
Xindong 11, Xindong 12, Badong 3, Xindong 1, Xindong 7, Xindong 9, Xindong 10, Chang-
dong 5, Shidong 5, Xindong 26, Xindong 14, Xindong 17, Xindong 19, Xindong 38, Xindong 5,
Xindong 6, Kuidong 4, Xindong 4, Xindong 32

1, 3, 3, 5, 4 1, 15 16 ,
18 3, 5, 20 5, 22, 61
Kadong 1, Yinong 3, Kadong 3, Kadong 5, Shidong 4, Kuihua 1, Xindong 15, Xindong 16,
Xindong 18, Yuandong 3, Tadong 5, Yinong 20, Kuidong 5, Xindong 22, Yinong 61

23, 24, 21, 25, 46 18 29
4 16 o, 3, 20 1
Xindong 23, Xindong 24, Yinong 21, Xindong 25, Xindong 46, Yinong 18, Xindong 29, Ka-
dong 4, Yinong 16, Huanghe 1, Huanghe 3, Xindong 20, Yinong 1

2, 3, 13, 1, 2, 2, 6
Xindong 2, Xindong 3, Xindong 13, Badong 1, Badong 2, Kadong 2, Shidong 6

(M-6), (M-38), (M-83), , , (M-101)
Wumangmai (M-6), Wumangmai (M-38), Hongdongmai (M-83), Nanjiangdongmai, Kayimujiang,
Baiwandongmai (M-101)

(M-65), R (M-106), (M-107), (M-119)
Hongdongmai (M-65), Andirandongmai, Baidongmai (M-106), Baidongmai (M-107), Hei-
dongmai (M-119)

(M-1), , (M-11), (M-104), (M-4), (M-12),
, (M-10), : (M-7), (M-31),
(M-32), (M-9), s s (M-16), (M-2),
(M-8), R R (M-15), (M-3), (M-122)
Baidongmai (M-1), Wanshudongmai, Baidongmai (M-11), Baidongmai (M-104), Baidongmai
(M-4), Xiaobaidongmai (M-12), Hongkebailihongdongmai, Hongdongmai (M-10), Aertai-
dongmai, Hongkedongmai (M-7), Baidongmai (M-31), Xiaodongmai (M-32), Baidongmai
(M-9), Hongkexiaobaidongmai, Qingxinlanmai, Hongdongmai (M-16), Hongdongmai (M-2),
Hongdongmai (M-8), Xiaohongmang, Shanshanhongdongmai, Hongdongmai (M-15), Bai-
dongmai (M-3), Baidongmai (M-122)
(M-20), (M-58), (M-59), s R s

s (M-44)
Hongsuibaili (M-20), Baidongmai (M-58), Baidongmai (M-59), Lawadelang, Yanqibaidongmai,
Yulixiaomai, Nanjiangbaidongmai, Hongdongmai (M-44)

(M-52), (M-63), s s (M-56),
Hongdongmai (M-52), Shayadongmai (M-63), Reyimuxia, Hejinghongdongmai, Mailuowaxi
(M-56), Kuchemailuowaxi

R (M-41), (M-115), (M-120)
Korlabaidongmai, Baidongmai (M-41), Baidongmai (M-115), Heidongmai (M-120)
, (M-54), ,

Akegusige, Dongmai (M-54), Hexibakehongmai, Akekuzigai
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#Ex3)

Group

Number of

variety

Variety name

VII

VIII

IX

28

24

, , , , , , (M-91),
, (M-69)
Yangxiahongdongmai, Nawatiran, Liangshandongmai, Shayadongmai, Akebudayi, Kezibudayi,
Baidongmai (M-91), Harekebasman, Heidongmai (M-69)

(M-47), s (M-73), , , , (M-78),
(M-90), M-77), (M-89), (M-88),
Mailuowaxi (M-47), Zaoshudongmai, Baidongmai (M-73), Baisuizi, Tuzhongmai, Heisuimai,
Baidongmai (M-78), Baidongmai (M-90), Baidongmai (M-77), Hongpihongdongmai (M-89),
Heidongmai (M-88), Bachugielimai

, , (M-110), , (M-108),
(M-109), , , (M-30)
Baikebailihongxindongmai, Changbashenman, Hongdongmai (M-110), Kaerkuzigan, Baidong-
mai (M-108), Heidongmai (M-109), Haaretuosiman, Maigaitibaidongmai, Hongdongmai (M-30)

(M-29), , (M-40), (M-35), , , ,
Baidongmai (M-29), Hongmang’anjiang, Hongdongmai (M-40), Zaoshudongmai (M-35),
Bailizaoshu, Hongmangzao, Wuqiabaimai, Abogeqilige, Baimangbaidongmai

s s (M-55), (M-98), (M-70), s
(M-85), (M-79), (M-39), s
Hareke, Bazitiaobo, Dongmai (M-55), Baiwandongmai (M-98), Shayadongmai (M-70),
Kezibudayi, Baidongmai (M-85), Heidongmai (M-79), Hongdongmai (M-39), Yanqidongmai,

Baisuizaoshudongmai

s s s (M-18), (M-26), s
(M-87), M-17), (M-24), (M-27), (M-25),
(M-19)
Changjixiaohongdongmai, Manasihongdongmai, Baimangdongmai, Hongdongmai (M-18),
Hongdongmai (M-26), Baisuibaili, Baidongmai (M-87), Hongsuili (M-17), Jinbaoyin (M-24),
Baidongmai (M-27), Hongkedongmai (M-25), Hongsuibaili (M-19)

(M-66), (M-223), (M-67), (M-63), (M-33), s
(M-71)
Hongdongmai (M-66), Shayadongmai (M-223), Hongdongmai (M-67), Heidongmai (M-68),
Dongmai (M-33), Bendidongmai, Baidongmai (M-71)

(M-46), (M-113), s s (M-53)
Mailuowaxi (M-46), Heidongmai (M-113), Yulixiaomai, Balibashi, Baidongmai (M-53)

(M-22), , , (M-116)
Baidongmai (M-22), Kezierkuzigan, Heisuidongmai, Heidongmai (M-116)

&4 SNP SITHIHEZDERMBATRERIR

Table 4 Varieties name and sources of Xinjiang winter wheat used in this study

/
No. Variety code Variety name Variety type Origin/pedigree
1 M-1 Baidongmai Landrace Urumgqi
2 M-2 Hongdongmai Landrace Changji
3 M-3 Baidongmai Landrace Changji
4 M-4 Baidongmai Landrace Changji
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No Variety code Variety name Variety type Origin/pedigree
5 M-5 Hongkebailihongdongmai Landrace Miquan, Changji
6 M-6 Wumangmai Landrace Miquan, Changji
7 M-7 Hongkedongmai Landrace Miquan, Changji
8 M-8 Hongdongmai Landrace Qitai, Changji
9 M-9 Baidongmai Landrace Fukang, Changji
10 M-10 Hongdongmai Landrace Fukang, Changji
11 M-11 Baidongmai Landrace Hutubi, Changji
12 M-12 Xiaobaidongmai Landrace Hutubi, Changji
13 M-13 Hongkexiaobaidongmai Landrace Manasi, Changji
14 M-14 Qingxinlanmai Landrace Manasi, Changji
15 M-15 Hongdongmai Landrace Manasi, Changji
16 M-16 Hongdongmai Landrace Manasi, Changji
17 M-17 Hongsuili Landrace Turpan
18 M-18 Hongdongmai Landrace Turpan
19 M-19 Hongsuibaili Landrace Turpan
20 M-20 Hongsuibaili Landrace Turpan
21 M-21 Baisuibaili Landrace Turpan
22 M-22 Baidongmai Landrace Hami
23 M-23 Baimangdongmai Landrace Hami
24 M-24 Jinbaoyin Landrace Hami
25 M-25 Hongkedongmai Landrace Hami
26 M-26 Hongdongmai Landrace Hami
27 M-27 Baidongmai Landrace Hami
28 M-28 Xiaohongmang Landrace Bole
29 M-29 Baidongmai Landrace Tacheng
30 M-30 Hongdongmai Landrace Tacheng
31 M-31 Baidongmai Landrace Shawan, Tacheng
32 M-32 Xiaodongmai Landrace Shawan, Tacheng
33 M-33 Dongmai Landrace Wusu, Tacheng
34 M-34 Bendidongmai Landrace Wusu, Tacheng
35 M-35 Zaoshudongmai Landrace Buerjing, Aletai
36 M-36 Wanshudongmai Landrace Buerjing, Aletai
37 M-37 Aertaidongmai Landrace Buerjing, Aletai
38 M-38 Wumangmai Landrace Yining
39 M-39 Hongdongmai Landrace Hejing, Bazhou
40 M-40 Hongdongmai Landrace Hejing, Bazhou
41 M-41 Baidongmai Landrace Hejing, Bazhou
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42 M-42 Yanqidongmai Landrace Yangqi, Bazhou
43 M-43 Nanjiangbaidongmai Landrace Yangqi, Bazhou
44 M-44 Hongdongmai Landrace Yanqi, Bazhou
45 M-45 Nanjiangdongmai Landrace Yangqi, Bazhou
46 M-46 Mailuowaxi Landrace Korla, Bazhou
47 M-47 Mailuowaxi Landrace Korla, Bazhou
48 M-48 Akegusige Landrace Korla, Bazhou
49 M-49 Yangxiahongdongmai Landrace Korla, Bazhou
50 M-50 Balibashi Landrace Korla, Bazhou
51 M-51 Akekuzigai Landrace Korla, Bazhou
52 M-52 Hongdongmai Landrace Korla, Bazhou
53 M-53 Baidongmai Landrace Ruoqiang, Bazhou
54 M-54 Dongmai Landrace Ruoqiang, Bazhou
55 M-55 Dongmai Landrace Luntai, Bazhou
56 M-56 Mailuowaxi Landrace Kuche, Aksu
57 M-57 Nawatiran Landrace Xinhe, Aksu
58 M-58 Baidongmai Landrace Xinhe Aksu
59 M-59 Baidongmai Landrace Xinhe, Aksu
60 M-60 Reyimuxia Landrace Xinhe, Aksu
61 M-61 Lawadelang Landrace Shaya, Aksu
62 M-62 Liangshandongmai Landrace Kuche, Aksu
63 M-63 Shayadongmai Landrace Shaya, Aksu
64 M-64 Weilixiaomai Landrace Korla
65 M-65 Hongdongmai Landrace Wensu, Aksu
66 M-66 Hongdongmai Landrace Akesu
67 M-67 Hongdongmai Landrace Akesu
68 M-68 Heidongmai Landrace Awati, Aksu
69 M-69 Heidongmai Landrace Awati, Aksu
70 M-70 Shayadongmai Landrace Awati, Aksu
71 M-71 Baidongmai Landrace Awati, Aksu
72 M-72 Hongpidongmai Landrace Wushi, Aksu
73 M-73 Baidongmai Landrace Jiashi, Kashi
74 M-74 Hareke Landrace Jiashi, Kashi
75 M-75 Baisuizi Landrace Jiashi, Kashi
76 M-76 Bazitiaobo Landrace Jiashi, Kashi
77 M-77 Baidongmai Landrace Jiashi, Kashi
78 M-78 Baidongmai Landrace Jiashi, Kashi
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79 M-79 Heidongmai Landrace Kuche, Aksu
80 M-80 Baidongmai Landrace Shufu, Kashi
81 M-81 Akebudayi Landrace Shufu, Kashi
82 M-82 Kezibudayi Landrace Shufu, Kashi
83 M-83 Hongdongmai Landrace Shule, Kashi
84 M-84 Tuzhongmai Landrace Shule, Kashi
85 M-85 Baidongmai Landrace Shule, Kashi
86 M-86 Abogqilige Landrace Shule, Kashi
87 M-87 Baidongmai Landrace Shule, Kashi
88 M-88 Heidongmai Landrace Shule, Kashi
89 M-89 Hongpihongdongmai Landrace Shule, Kashi
90 M-90 Baidongmai Landrace Shule, Kashi
91 M-91 Baidongmai Landrace Kashi
92 M-92 Landrace Kashi
Baikebailihongxindongmai
93 M-93 Harekebasman Landrace Kashi
94 M-94 Andirandongmai Landrace Kashi
95 M-95 Wugiabaimai Landrace Wugia, Aksu
96 M-96 Maigaitibaidongmai Landrace Maigaiti, Kashi
97 M-97 Bailizaoshu Landrace Shache, Kashi
98 M-98 Baiwandongmai Landrace Shache, Kashi
99 M-99 Hongmang’anjiang Landrace Shache, Kashi
100 M-100 Baimangbaidongmai Landrace Shache, Kashi
101 M-101 Baiwandongmai Landrace Shache, Kashi
102 M-102 Hongmangzao Landrace Shache, Kashi
103 M-103 Baisuizaoshudongmai Landrace Shache, Kashi
104 M-104 Baidongmai Landrace Shache, Kashi
105 M-105 Heisuimai Landrace Zepu, Kashi
106 M-106 Baidongmai Landrace Yecheng, Kashi
107 M-107 Baidongmai Landrace Luopu, Hetian
108 M-108 Baidongmai Landrace Yecheng, Kashi
109 M-109 Heidongmai Landrace Yecheng, Kashi
110 M-110 Hongdongmai Landrace Yecheng, Kashi
111 M-111 Haaretuosiman Landrace Yecheng, Kashi
112 M-112 Changbashenman Landrace Yecheng, Kashi
113 M-113 Heidongmai Landrace Moyu, Hetian
114 M-114 Heisuidongmai Landrace Luopu, Hetian
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115 M-115 Baidongmai Landrace Luopu, Hetian
116 M-116 Heidongmai Landrace Luopu, Hetian
117 M-117 Kaerkuzigan Landrace Yutian, Hetian
118 M-118 Kezierkuzigan Landrace Minfeng, Hetian
119 M-119 Heidongmai Landrace Hetian
120 M-120 Heidongmai Landrace Hetian
121 M-121 Zaoshudongmai Landrace Hetian
122 M-122 Baidongmai Landrace Hetian
123 M-123 Kayimujiang Landrace Hetian
124 M-167 Hexibakehongmai Landrace Korla
125 M-215 Changjixiaohongdongmai Landrace Changji
126 M-216 Manasihongdongmai Landrace Manasi, Changji
127 M-217 Shanshanhongdongmai Landrace Shanshan, Turpan
128 M-218 Hejing hong dong mai Landrace Hejing, Bazhou
129 M-219 Yangqibaidongmai Landrace Yanqi, Aksu
130 M-220 Yulixiaomai Landrace Yuli, Bazhou
131 M-221 Korlabaidongmai Landrace Korla
132 M-222 Kuchemailuowaxi Landrace Kuche, Aksu
133 M-223 Shayadongmai Landrace Shaya, Hetian
134 M-224 Bachugielimai Landrace Bachu, Kasha
135 M-124 Kadong 2 Cultivar 0246/
Ukraine 0246/Yechengchunmai
136 M-125 Xindong 1 Cultivar 0246/ 1 3
Ukraine 0246/Aksuhongdongmai//
Aodesa 3
137 M-126 Xindong 2 Cultivar / . 3 Fs
Three Fs selection combinations from
Reyimuxia/Heine Hvede
138 M-127 Xindong 3 Cultivar /
Aksuhongdongmai/Heine Hvede
139 M-128 Xindong 4 Cultivar / 7
Bakefuke/Beijing 7
140 M-129 Xindong 5 Cultivar / 7
Bakefuke/Beijing 7
141 M-130 Xindong 6 Cultivar 2 / 3
Xindong 2 sib line/Aodesa 3
142 M-131 Xindong 7 Cultivar 2 / 3
Xindong 2 sib line/Odessa 3
143 M-132 Xindong 9 Cultivar /

Reyimuxia/Heine Hvede
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144 M-133 10 Xindong 10 Cultivar /
Xindong 2/Aodesa 3
145 M-134 11 Xindong 11 Cultivar ( / : /12407
( / 7 )
Baigoutou (Reyimuxia/Heine
Hvede)//2407 (Bakefuke/Beijing 7)
146 M-135 12 Xindong 12 Cultivar 2 /2407( 2/ 3
)
Xindong 2//2407 (Xindong 2/Aodesa
3)
147 M-136 1 Badong 1 Cultivar / ( )
Akekusige/Ovist (Italy)
148 M-137 2 Badong 2 Cultivar /
Bakefuke/Ovist
149 M-138 3 Badong 3 Cultivar 497
Individual plant selection from Huabei
497
150 M-139 1 Kadong 1 Cultivar /
Bakefuke/Heine Hvede
151 M-140 3 Kadong 3 Cultivar 3026 ( / 186)
Selected from CAAS 3026 (Zaoyang
mai/Eguan 186)
152 M-141 4 Kadong 4 Cultivar 187
Selected from Huabei 187
153 M-142 1 Yinong 1 Cultivar 84/ 612
New Ukraine 84/Xibei 612
154 M-143 3 Yinong 3 Cultivar 134/
Xibei 134/Wumang 4
155 M-144 14 Xindong 14 Cultivar / 83
Reyimuxia/New Ukraine 83
156 M-145 15 Xindong 15 Cultivar 2 /50 ( )
Xindong 2/50 anniversary (Former
Soviet Union)
157 M-146 16 Xindong 16 Cultivar ( / : )
71-66/70-4 ( 7 )
(Bakefuke/Heine Hvede) Selection
71-66/70-4 (Xindong 7 sib line)
158 M-147 17 Xindong 17 Cultivar 14/ 5
Xindong 14/Henan’anxuan 5
159 M-148 18 Xindong 18 Cultivar NS11-33 ( )/ 3
NS11-33 (Yugoslavia variety)/Xin-
dong 3
160 M-149 19 Xindong 19 Cultivar 170/ //H  82-6 ( )

170/Aphrora//H short 82-6 (tissue

culture line) Radiation selection
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161 M-150 20 Xindong 20 Cultivar 87-5018 (
)
Old system number Ji 87-5018 (Food
Crop Research Institute, HAAS)
162 M-151 23 Xindong 23 Cultivar 1 F, /
88-136
An F, segregation population from
USA/88-136
163 M-152 25 Xindong 25 Cultivar 885-443/  88-5282
Ji 885-443/Ji 88-5282
164 M-153 4 Shidong 4 Cultivar
165 M-154 5 Shidong 5 Cultivar 501/ ( )/
501/ ( )
Hongxuan 501/Tangnuer (Mexico)//
Hongxuan 501/West edaselos (Mexi-
co)
166 M-155 6 Shidong 6 Cultivar 5029/ 77-21
Spring wheat Jing 5029/Winter Wheat
77-21
167 M-156 1 Kuihua 1 Cultivar 1/ 3
Jinghua 1/Kuidong 3
168 M-157 4 Kuihua 4 Cultivar ( / : )F; /
3 //7401-54/704/
(Reyimuxia/Heine Hvede) F; selec-
tion/Aodesa 3//7401-54/704/Shan-
qianmai
169 M-158 5 Kuihua 5 Cultivar Nostar/
84-1//76-4/ 13
Nostar (Canada winter wheat)/
Huachun 84-1//76-4/Lovrin 13
170 M-159 1 Huanghe 1 Cultivar
171 M-160 3 Huanghe 3 Cultivar
172 M-161 3 Yuandong 3 Cultivar ( 2/ )y
(Jimai 2/Aurora) y-ray
173 M-162 5 Changdong 5 Cultivar
174 M-163 5 Tadong 5 Cultivar
175 M-164 5 Kadong 5 Cultivar
176 M-165 22 Xindong 22 Cultivar Nostar/ 84-1//
76-4/ 13
Canadian winter variety Nostar/
Huachun 84-1//76-4/Lovrin 13
177 M-166 24 Xindong 24 Cultivar 9245/ 6159
9245/Ji 6159
178 M-168 13 Xindong 13 Cultivar 3/ 0246

Xindong 3/Ukraine 0246
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(ER4

/
No. Variety code Variety name Variety type Origin/pedigree

179 M-172 16 Yinong 16 Cultivar /72-629/K2-13//72-629/7141-
64/K2-13
White Orofen/72-629/K2-13//72-629/
7141-64/K2-13

180 M-173 18 Yinong 18 Cultivar 81283/81243
181 M-174 20 Yinong 20 Cultivar 64015/8103-12-6-3
Nongda 64015/8103-12-6-3
182 M-175 21 Yinong 21 Cultivar 612/ 84/ /
13

Xibei 612/Ukraine 84/Taigu genic
male-sterile line

183 M-176 29 Xindong 29 Cultivar PH82-2-2/ 79-1
PH82-2-2/Luzhi 79-1

184 M-177 38 Xindong 29 Cultivar ( 916/9133) F,/ 16
(Dwarf 916/9133) F,/Yinong 16

185 M-178 61 Yinong 61 Cultivar / /Westmount//61-4

///84114 Masutuo/ Datoumai/
Westmount//61-4///84114

186 M-179 26 Xindong 26 Cultivar 501/ ( )/
501/ ( )
Hongxuan 501/Tangnuer (Mexico)//
Hongxuan 501/West edaselos (Mexico)

187 M-180 46 Xindong 46 Cultivar 3338/S180
Nongda 3338/S180

188 M-181 32 Xindong 32 Cultivar 1998
Selected from Aibai recurrent selec-
tion population in 1998

(Changji), (Bazhou), (Yili),

(Bozhou)
The Changji Hui Autonomous Prefecture was abbreviated as Changji, the Bayingolin Mongolian Autonomous Prefecture was abbreviated as
Bazhou, and the Bortala Mongol Autonomous Prefecture was abbreviated as Bozhou in the above table.

77-21) , vV 23 , 0.003~0.137
, , 2
111 X , , 21
111 6 , 0.149~0.211 , 14 ,
) «
0.166 4 ,  0.003; “
,2 ,1 , 1 , ” “ »
,  0.137
v 5 , 0.093~0.274 VI 18 , 0.003~0.111
2 , , 1 2
“ » , , 15
0.093; “ ” ,

, 0.274 VII 25 , 0.003~0.125
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[20-24] [27-28]
660K SNP ’ [25-26] [22] SNP
42 SSR 75 (29-31]
, 317 , (2] SNP ,
2~15 7.55 , PIC 229 () ,
0.169~0.905, 0.696; ()
D>B>A, (0.712),
, () (0.660~0.686),
Zhou [
s 27,933 DArTseq (301
312,831 660K SNP 10 90K 143
717 , ,
, 143
0.52~0.73 ( 89.23%), [31-32]
, 2000—2013 96
, ( 0.63~0.83 ,
, 95.94%) ,
;' A B D , D ,
A B : ,
, (26] SNP
660K SNP Zahra 1% 152K SNP
() 149 188
, 4 , UPGMA
1817 , 177 , 11 ,
GS  0.750, 0.30~0.99 | 0.64
GS ( 0.619), Bhatta [ 47,526 SNP
143
, (24] , SNP A B D
24  SSR 8 8 ;
, 3 (
( GS  0.812) , CIMMYT );
( GS ,
0.670), , 33%,
55K , 21
, , 53,063 SNP 50,743
, , 95.62%,
[29] [30] [31-32] 90K SNP
SNP , : SNP A B D
, 17,702, 16,943
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