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Genetic Diversity of the Major Varieties of Kengyilia C. Yen et ]J. L.
Yang in QingHai Plateau Based on EST-SSR Markers
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Abstract ; The genetic diversity of 21 populations collected from 3 varieties of Kengyilia C. Yen et J. L. Yang was
investigated by EST-SSR markers. There were 103 polymorphic bands produced by 60 out of 97 EST-SSR primers in
those materials. Every primers amplified 1 to 5 bands ,and every band had an average number of 2. 06. The genetic di-
versity of Kengyilia thoroldiana was the highest followed by Kengyilia hirsuta ,while Kengyilia grandiglumis showed
the lowest PP of 44. 66% in genetic diversity. Genetic similarity analysis suggested that the distance between K. thorol-
diana and K. grandiglumis was minimal ,i. e. ,the genetic similarity was maximum. The genetic distance was far be-
tween K. hirsuta and K. grandiglumis and Kengyilia thoroldiana. The genetic distance was approximately 0. 345 com-
paring Maduo’s population of K. thoroldiana with other populations. Similarly, genetic distance between Ketunika’s
population of K. hirsuta comparing with other populations was still significant. The 21 populations was classified 3
groups when the genetic similarity coefficient was about 0. 65 ,including 10 K. thoroldiana populations in group 1,7 K.

hirsuta populations in group 2 and 4 K. grandiglumis populations in group 3. The results of this study should provide
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valuable information and reference for future development and protection of wild gene resources in Triticeae.

Key words: Kengyilia C. Yen et J. L. Yang; EST-SSR marker; genetic diversity ; cluster analysis
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Table 1 Origins and names of tested populations

¥ AR TR (m) 2351 A58 Kl

Code Name of populations Altitude Longitude and latitude Habitat Origin

1 HEZRY 4241.3 E98. 19N34. 90 T X1 i M 2 BB W) 5 SRR 15 IC Ak

2 IGEZL A 4629.2 £93. 91N35. 54 R FERE LY EXUPINE2ER 9l

3 RERY 2 4650. 3 E92. 74N35. 57 [HESN e EXUPINE 2% )]

4 BRI R L K 4549.2 £92. 44N34. 22 [HESSIRIE 7 TRV L LT

5 M IRARAR B R 4664. 4 E94. 01N35. 57 [Eligas i} TR MR KA

6 HHRRSIR 2 4458. 1 E94. 61N34. 96 RFERLE R EAR P it PR L FA

7 ZFHRE 4500. 2 £93. 90N35. 36 EIET R ER P

8 FIE R 4653. 4 E93. 99N35. 57 [SlIESS eV R 1l FOE

9 BRI Y A 4665. 5 E97. 88N34. 28 LA i S L BRI

10 TEAT AR B 4212.3 £98. 94N35. 17 [ESSRIE 7 TR Z AL A0k
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15 NI SAE B LA ALHE 3242.0 E100. 12N37. 26 o5 S DX HE 3 TEALRIZAl £
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18 TR eI RFiE 3304.3 E100. 87N36. 83 [N AL 22 v e g

19 Wy R 3215.7 E100. 62N36. 87 O X AL W &

20 5 TR R 3372.5 E101. 10N36. 27 o R R 3 TR SR FUM R IR

21 E st i 3324.1 E101. 05N36. 30 [ R TR LRI Sk 2 BT
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2.1 MALERHEESHFEST Table 2  Genetic diversity of KengyiliaYen et J. L. Yang
2.1.1 WALEEM EST-SSR #riZE S M from different varieties
3 2 ATRILAL AR 3 R 2 0] i 1 1 A — P—
S KRB B A REN 64, s IR M e g O
B T4 RN 62.14% , BEBLALE ZEPERW  Variety name Voriety R m oy 0
W2 60 A, 7 5 E AN 58.25% , KB e e
AR DR 46 A, Br s B %N 44,66 % thw 10 64 62.14 0.2345 0.3449
W Bt 2R B K 0. 2345, REB LIAL Kengyilia thoroldiana
FRZH0.2211, KFHE /R 0. 1687, HI{F B BEELIAL B 7 60 58.25 0.2211 0.3249
TEBCT AT LR 2% b 22 18] 60 382 15 22 A 1 /Nt Kengyilia hirsuta
Fr R R > KE B DAL > KR, REIFEREE e 4 46 4466 0.1687 0.2495
RPN, R Y BORRE B LAIAL LA B 24 Renevilia grandiglumis
PEAHZE AN R, U B AR 22 5 RS B DL AL 25 AE 5 1 SA Total 21 103 0.3634 0.5407
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2.1.2 ZHEMESH LA 97 XHKEL EST-SSR 514 FH Popgene pe THEAF H LIAL R it A% A6
XFLAFLFE 3 MR 21 DNJEREHEATY (B 1.2), 8800 h = 0.3634, 12 & 5 5 B 35t 15 22 FF 14 48 2L
A7 50 X514 (£ 3) P 103 4 RIEAH,4 h=0.2345 BEE LIAL W R BE AL ZRETEFE B h =
AEIYRY AT EGEREN 1 ~ 5, BALE Y 0,221, RETE B R BE Z R385 h =0. 1687, °F
SN 2.06, BIZAREN Z %R h =0. 2081,

14 17 9 15 1 8 2 6 16 3 7 4 13 5 11 12 19 21 18 20 10

1 EST-SSR 314 AC11621 3 IA#LEJE 21 M EEEH 145 R
Fig.1 Amplification results of 21 Kengyilia Yen et J. L. Yang populations with primers AC11621 of EST-SSR

14 17 9 15 1 8 2 6 16 3 7 4 13 5 11 12 19 21 18 20 10

2 EST-SSR 5|# AC12985 3 UL EEE 21 NEEF M HEE R
Fig. 2 Amplification results of 21 Kengyilia Yen et J. L. Yang populations with primer AC12985 of EST-SSR

£3 BHEZEMUEFR S0 X514
Table 3 Polymorphic EST-SSR markers

CE C17 519175 BAHE R 5191175 S
Code  Forward primer Forward primer(5'-3") (°C)Tm  Reverse primer Reverse primer(5'-3") (°C)Tm
1 AC11649F CTCTGTCTCCTTCCTTCCCC 60. 2 AC11649R TAGATCGATCGTAACCGCCT 59.7
2 ACI2019F AATAAAAGATGCAGGCGTCG 60. 2 ACI2019R ATCTGCGGAGGATGTACCAG 60. 1
3 AC11796F CTGCTTCTCGACGCTGACC 62.3 AC11796R CCCAAGCCAAACAAGTCCTA 60. 1
4 AC21769F TGGGACCGAAAGAATTGAAC 59.9 AC21769R GCCACTCTTGCTCTGCTTCT 59.9
5 AC13739F CCTATTGTGCAGTGTGGGTG 60.0 AC13739R AGATGAAGGACCAGATTCGC 59.2
6 ACI3008F ACCGGCCTTCGTTTTCTAAT 60.0 AC13008R AGAGGTTGGACTCGAGGAGC 60. 9
7 AC14117F CGAGAAGAAAGCCATGGAAG 59.9 ACI4117R CCATCTGGGCACTCTCTAGC 60. 0
8 ACI12504F TGGATTTGGTGTAGCCTCAA 59.1 ACI2504R AATGCACAACCTGTGTCGAA 60. 2
9 AC11752F CTGCCCTAGAAGTGGCGTAG 60. 0 AC11752R TGTGCAACTCAATAACCCCA 60. 0
10 AC12822F CAAGAAGATCCGGTACGAGG 59.7 AC12822R ACGAGCAGTTTCGACGAGTT 60. 1
11 ACI12347F AGCAGCAAAATATCGAAGCA 58.7 ACI12347R CGCTGTTCGAGTGTGAGGTA 60. 0
12 AC12794F CGATGGTATGCAATGCAAGA 60. 6 AC12794R ATTTCCCCTCCCCACTACAG 60. 2
13 AC11301F CTCTCCCTCCTCAGCCAAG 60. 1 AC11301R ACCATCTGATATTGGCCCTG 59.8
14 AC12033F CTCCAGGAAAGTCGTTGCTC 60.0 AC12033R CCAATAAACAATCAATCAACCAAA 60.0
15 ACI12411F GGTTGGTGGTTGCTGCTAAT 60.0 ACI2411R CGGAAATAGCTCCGTCTCAC 59.8
16 AC13735F AGCGATCTCATCTCTGCTCC 59.7 AC13735R CTCACTCCCCCTCATCTCTG 59.8
17 AC13273F GGGCAACAACCAACTAGTGC 60. 6 AC13273R ACCTGGTGATCATCTACGGC 60. 0
18 AC13538F GCATGAGGGTTCCAGTCAAT 59.9 AC13538R AGTGGGAACCCGTAGTGTTG 59.9
19 AC12655F GAAGGGCTTCACCGTCTTC 59.8 ACI12655R CCTAGCTCAGGATCAGTGGG 59.8
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Code  Forward primer Forward primer(5'-3") (C)Tm  Reverse primer Reverse primer(5'-3") (°C)Tm
20 AC12967F TTGTTGCTCGTCTTGGATGA 60. 4 AC12967R TCCATCAGAGCCAGACATTT 58.2
21 AC11568F GGCCAGCTACAAGGCCTAC 59.9 AC11568R CTACTCGCAAGCAATGTTCG 59.6
22 ACI12535F CATTCACAGCTTCCTGAGCA 60. 1 AC12535R GTCTCCCGTGAGAATCGC 59.3
23 AC13280F CTGCTCTCGCTCGTCCTC 60. 0 AC13280R AAATCTGGTCCATGAGCTGG 60. 1
24 AC11621F CCTGCCATCCTGAATCTCAT 60. 0 AC11621R ACGAGTGTCAAGTATGGGGC 60. 0
25 AC11860F GAACAGCCCGATCGAAATC 60. 6 ACI11860R GCTGGAAGCCACTCTCTGTT 59.6
26 AC11864F CCGCAGAAGGAGAAAGAGAA 59.7 AC11864R AACTGGGAGGGGTAGGGAC 60. 2
27 AC12867F GCACTAGAGTCAAACGAAGCG 60. 2 AC12867R CCTGGAGGTTGTGCTATGGT 60. 0
28 AC13418F TCCCATCTTTTCTTTTCCCC 60. 2 ACI13418R CAGCTAGCTTGGTCCTCGAC 60. 2
29 AC13998F CTCCTCGCGCATCATACAG 60.5 AC13998R GCTGAGTTAGTTCGGCTTGG 60.0
30 AC14041F GAGGAGCAGGTCAAGGTCAG 60. 0 AC14041R GTTTGTTTGTCCAAGCCAGG 60.5
31 AC14106F ACGACGGAGGAAGTAAGCAA 59.9 AC14106R ATTTCGTCGTGAAGGACTCG 60.3
32 AC11404F TTGTCCCCCTCCAGTATCAG 59.9 AC11404R ATGGTCTGCTGCTACACCG 59.9
33 AC11419F CAGCTGACCAACCAAAACAA 59.7 AC11419R CCTCGTGGATGTCCGTCT 59.6
34 AC11818F CATGGGTAGAGGCAGAGGAG 59.8 AC11818R GAAAGCGCCCTCGAAGTAG 60. 1
35 AC11928F CCGGAGGTGCTCAGGAAG 61.9 AC11928R GACGTAGTTGTCGTGCTGGA 59.9
36 AC12212F CTCTTCTGCCCTGTCCACTC 60. 0 AC12212R GCTGGTCATCTTGGCTTTGT 60.3
37 AC12376F GATTAGCTGCGACGGGAG 59.5 AC12376R ACTCCAATATGTCGTTGGGC 59.8
38 ACI12447F CACCAAATAGGCAGTGCTGA 59.9 ACI12447R AATACCTTCCGACCATTCCC 60. 0
39 ACI12511F GCAGCGAGAGAGACAGACAG 59.0 AC12511R AGAATGACTGGACGAGGTGG 60. 1
40 AC12735F GCCACAATCCAACATCAGTG 60. 0 AC12735R GAGTGCGTGGTGAGCATGT 60. 1
41 ACI2985F GACACCGTTGGGTCAGAGAT 60. 0 ACI2985R GCCCTCGTCATCTGTTTCAT 60. 1
42 AC13097F ATCTCGAACGCTTCGTCAAT 59.8 AC13097R GACCAGATCATGGCGGAG 60. 2
43 ACI3103F CCAATCTTTTCCCCTCTCGT 60. 4 AC13103R AATTCCCCAGGACTTTGCTT 59.9
44 ACI13389F CCTACCCGATTCCCTTTGTG 61.6 ACI3389R GACCGAGTTATCGAGGTCCA 60. 1
45 AC13413F CGAAGGTCTTCTTGTCGGAG 60. 0 AC13413R AGAGGCGAGAGAACCAACC 59.4
46 AC13419F GGCCACATGTTTTGCTACCT 60. 0 AC13419R GAACAGCAGCGAATGAGACA 60. 1
47 AC13772F TGCACGTCCACGACTGTACT 60. 4 AC13772R GCGCATGAGGAATTAAGGAA 60. 2
48 AC13852F CACTTACCAGCCTGACACCC 60.6 ACI13852R GTGCGTTCTCTGGGAAGAAG 60.0
49 AC14183F GAATAAGCTCAGCGGCCC 60.9 AC14183R GGGAGGTAGGCGAAAGAGAT 59.7
50 AC14302F AACTACGAGCTCCTCGTCCTC 60. 0 AC14302R CCACGGGCTTACTTTCACAT 60.0
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Table 4 Genetic identity (upper right triangle ) and genetic

distance ( lower left triangle) among 3 variety of

KengyiliaYen et J. L. Yang

y REPE  REUALE K

T2 . . -
Kengyilia  Kengyilia Kengyilia
Variety name
thoroldiana  hirsuta grandiglumis

A 0. 6510 0. 8364
Kengyilia thoroldiana
BB LIALE Kengyilia hir-  0.4293 0. 6354
suta
K F . Kengyilia gran-  0.1786 0.4536

diglumis

x5 DILEE 3 M FIH Nei's mE—HEMEEEESIT

0. 689 ~0.797 Z[a], V338t & I 25 7E 0. 230 ~ 0. 376
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0.291 ~0. 376 ZIa]; 5 &l JE MR B AL B 1 - 383 1%
— SR FE LA LN SR A% B B L LAl LR
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JEFE 0. 715 ~0.773 Z[0], V- 338t 4 B B 7E 0. 260 ~
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Table 5 Genetic identity and genetic distance among 21 populations of 3 varieties of KengyiliaYen et J. L. Yang

ok S A —HE RNRE—BUE PR —B0E R IBE IR /N SR AL
Accession Maximum genetic Minimum genetic Average genetic Maximum genetic Minimum genetic Average genetic
code identity identity identity distance distance distance
1 0.854(5) " 0.621(7) 0.711 0.476(7) 0.157(5) 0. 345
2 0.835(8,9) 0.709(4) 0.771 0.344(1,4) 0.180(8,9) 0.261
3 0.806(8,9) 0.709(1) 0.763 0.344(1) 0.216(8,9) 0.272
4 0.777(9) 0.699(1) 0.743 0.358(1) 0.253(9) 0.297
5 0.854(1) 0.660(6) 0.730 0.415(6) 0.157(1) 0.317
6 0.806(9,10) 0.631(1) 0.735 0.460(1) 0.216(9,10) 0.311
7 0.874(9) 0.621(1) 0.758 0.476(1) 0.138(9) 0. 281
8 0.845(9) 0.728(1,6) 0. 786 0.317(1,6) 0.169(9) 0.242
9 0.874(7) 0.689(1) 0.797 0.372(1) 0.135(7) 0.230
10 0.845(9) 0.680(5) 0.763 0.386(5) 0,169(9) 0.273
11 0.835(12) 0.660(14) 0.743 0.415(14) 0.180(12) 0. 301
12 0.874(17) 0.612(15) 0. 754 0.492(15) 0.135(17) 0.291
13 0.806(12) 0.689(14) 0.744 0.372(14) 0.216(12) 0.297
14 0.825(15) 0.621(17) 0. 689 0.476(17) 0.192(15) 0.376
15 0.825(14) 0.611(12) 0.702 0.492(12) 0.192(14) 0.359
16 0.777(11) 0.689(14) 0.731 0.372(14) 0.253(11) 0.314
17 0.874(12) 0.621(14,15) 0.740 0.476(14,15) 0.135(12) 0.310
18 0.748(19) 0.680(20) 0.715 0.386(20) 0.291(19) 0. 336
19 0.748(18) 0.738(20,21) 0.741 0.304(20,21) 0.291(18) 0. 300
20 0.864(21) 0.680(18) 0.761 0.386(18) 0.146(21) 0.279
21 0. 864(20) 0.718(18) 0.773 0.331(18) 0.146(20) 0. 260

AT N R R X LR R R R S

* . Figure in the bracket indicates the material accession code of the corresponding data
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0.50 0.59 0.68

0.78 0.87
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