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Development of SSR Markers and Application in Analysis of Genetic
Diversity in Tartary Buckwheat( Fagopyrum tataricum )
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('Institute of Biotechnology ,Shanxi University , Taiyuan 030006 ;" Institute of Crop
Science of Chinese Academy of Agricultural Sciences , Beijing 100081 ;> Bioversity International , Office for East Asia,Beijing 100081 )

Abstract ; Tartary buckwheat has become a popular health food in China. In the current study, through selec-
tively amplifying microsatellite-containing sequences, recombining the amplicons by redigestion and ligation, and
constructing SSR loci library, an effective method of recombinant microsatellite amplification was developed. With
this method ,we designed 500 pairs of primers and tested tartary buckwheat. The effectiveness of these SSR primers
in tartary buckwheat was about 50% ,the polymorphic rate was 10. 8% ,and the average value of PIC was 0.3600.
We analyzed the genetic diversity of core collection of tartary buckwheat with 28 SSR markers. A total of 85 alleles
were identified , ranging from 2 to 5 with an average of per locus. Shannon’s information indices of geographical vari-
ation ranged from 0. 3633 to 0. 6671. The accessions from Yunnan, Sichuan and Tibet were not only abundant in ge-
netic diversity but also had the closely phylogenetic relationship. This result further confirmed that tartary buckwheat
originated from Southwestern China. This study demonstrates that the recombinant microsatellite amplification meth-
od for development of SSR primers in tartary buckwheat would be very effective ,and will contribute to the researches
on genetic diversity analysis,identification of useful traits,and marker-assistant breeding in tartary buckwheat.
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Table 1 Name and origin of accessions tested

SSR bRid LA Z M R U% & B R
FE NSRS A, Bk 5t 2 RE PEBI S I B AR
Twata ZE"FIH 5 %) SSR ARic 4 H AR, #85R
MR FE I Z K, Konishi % FF & T 54 %t
SSR 5| Hy % it 55 J B 04 a5t L AR S aE AT AR, Ma
SELI TR A3 20 X SSR 5P A [7) Hiy B A 5 1)
TR G e e, B4 H T As AR Rk A SC
R FLEY SSR BI4120 M T 82 14y Hh [l b )y 3 5 b i %
TR fe ZAEbE, (A5 HALEY A L, 35 55 o] R Y
SSR 5PAR D | 3 AN BE i JE 9% U5 48 e AL R & B
T 22, AHIFGE i — Mo SSR 51407k, JF
RARMFEE SSR 519, I I FH T35 57 A% O F T 35t
2 REVE AT , AT 5 A 45 X6 35 SR A S ETRATF 5T
P53 R R HE Ao FhRic i B B A R

1 #MBl5RE

1.1 ##

WFRL ORI 166 14y (1), H 155 4y
FKHFRE 16 BT, BA 1L AKARIAR, HHL
WA RE 2 i LA B2 B R T AR AL

S Origin 5 M 4% Code and name

a7 1305875 5 ()

S 2. BRVE 3. 157 4. 5,5, S

TH 6. 5% ,7. W

il 8. WrFEAE 9. WHE 46, BRINFE 47, 555,48, 1555 K49, #55%,108. SR 109, 752,110, SRR 111, 35

VU 10. 9758, 11, BRI SE 12, 975%, 13, 955%, 14, 975% 15, #7598 75, 95 5% 76, 955% 77, 5% ,78. 3% ,79. #5%,80. 5%

17 16. 554 ,17. 5% 18, #55%,19. 358,20, B FEF,21. 5%, 92, IS 355,93, R E# 97,94, A 7% 3,95, R ¥ 5,
96. R 1557 ,97. MIMTIE,98. HFHTFFE,99. L& 1w FF,100. PG5, 101. Y pisF

(S| 22, ISR, 23, IFE 24, 1FE 25, MANSE 26, TFR 27 IFE 28, WHE 29, HFE 30, KOKEFE 31, HFE 32, 5%, 33. 1FE,
34.955%,35. 5, 102, 5 5F

H 36. #FEE 37, w9, 38. BALRTE 39 W FF 40, 5%, 41. /NFREE 42 TR (IK) ,43. 573 44, /IR 45, R 37,103, 5 5%,
104. 4:3%,105. 557,106, #53%,107. HFF 1 5

Pl 50. FIK S 51, FBL,52. 4,53, KA 130, BBEE 131, R LL15E, 132, WA, 133, B8 ARIREE,150. 1555, 151. &0
35,152, ¥53% 153 B L BUF, 154, Bf, 155, A 3%, 156. #3%, 157, #9F, 158, 5%, 159. # 3%, 160. HIFF, 161. #5F,
162. #73%

L 54.82-8-1,55.82-4-6,112. {58, 113. 15554 | 114. {554

bW 56. Wi SE,57. JLITIF

St 58 JCIRMAHFFE,59. MBUFFE,60. 757,61, #iFF,62. Hiy B SE 134, ¥75%,135. KW FE,136. 90-3,137. R ik —5,138.
90-5,139. E B 11-3,140. R F57

=F 63. HilFF,64. TTILRFE ,65. ] 15 5%, 66. H AL 173,67. D1 FE,68. KIH T FF,69. K15 5%,70. H 73,71 K 3%,
T2, FHR T3 ARETR 74, IS 5E 141 IR 142, N 5ESE, 143, 44,163, SIIAKTE, 164, F-fa4ems 1 165, Bk 7
$7,166. w5 B

e 115. #5%,116. 977 ,117. #7577, 118. 5%, 119. 753%,120. ¥R JLFF, 121, 955,122, 755%, 123, 755%, 124, 3557 ,125. % 5F

Wi 126. KU 55,127, BB IF , 128, P88 155,129, YE D57

i) 144, 3555 145, 557, 146. 3555, 147, T55F , 148, 755%,149. 7557

JRIH/R 81.87-23(F6080) , 82. 87-25 ( F6224 ) , 83. 87-26 ( F6245 ) , 84. 87-28 ( F6286 ) , 85. 87-29 ( F6378 ) , 86. 88-23 ( IV-708 ) ,

87.88-27(1V-63),88.88-28 (IV-51),89.88-29( IV-136) ,90.88-35( V-121) ,91.87-16(F3035)




5 WHEG LA i IT SSR 5T A B OHAE SR AL ARV AT v 9 761

1.2 Hik
1.2.1 EFZH DNA MREL w34l i i 1 iy
MR A AR 2H DNA 2 BURH) & ( Biotake,
China) $&£ BT 3% DNA ., 19% B I b 58 I e, 3k 462 1l
DNA [ it , 550 e B T e Hk . - 20C
RAF
1.2.2 SSR5|#F% DNA BHRHE LUIFEFEN
KL 5 U Mspl EcoRI( NEB ) X % 55 5 Kl 4H
DNA (1 pg) BV, 37°C 1, i 43 FH ik

EcoRI 4% 3k J¥ %], 5'-CTAATACGACTCACTAT-
AGCCGGCAGACTGCGTACCAATT-3,

FLIa] 751 M 5" -GGTACGCAGTCTGCCGGCTAT-
AGTGAGTCGTATTAGA-3',

Mspl 3 3k ¥ %1 5'-CTAATACGACTCACTAT-
AGCCGGCGACGACCGACGAG-3,

K I8 JF 5. 5'-CGCTCGTCGGTCGTCGCCGGC-
TATAGTGAGTCGTATTA-3',

LG, AT E PCR, 514754 10pmol , ¥4
5 5'-CTAATACGACTCACTATAGCCG-3, il V] 3% 4%
P 2 VRN

RYMIEE FH Y AR SSR A A
B M UIE R, Y 0512 E SSR 514 PCT6
Fl— A~ H0 51 9, 4% 2 SSR 5191 )7 51 4 57-KK-
VRVRVCTCTCTCTCTCT-3'( H:Hp K 3% G A1 T; R
REFEAFG; VLR A, CHIG), BSul FREm ™
YIVE R B, #E 1T Touchdown PCR, PCR F2J¥ H.
92°C60s, 1B K T BE M 65°C F& A% 3] 57°C 60s, E fifi
72°C90s, 3L 37 MEF, 1G5 H] PCR 2lifbil 7 &
(Qiagen) Zlifb ¥ 34 7= 4 | Nael (5 U)37°C fiF ] 3h,
i) 5 Fralif, 2233k, L PCT6 (40 pmol ) K514,
47 Touchdown PCR

M3 SSR L ¥ PCR 7= 14 #5335 3| Jio ks
AR pCR2. 1 (Invitrogen , Carlsbad , CA, USA) J5 #41k
3| Escherichia coli TOP 10 W B 5o B =¥ 7 &% Amp
[ 100wl LB 15323 37°C {5 3% 4h, PCR i, ABI
3730x] P,

SSR 4 & 0Fik BT m g1, R G ik
Fo A3 3 40 SSR 7 41 BHME T R 5 3 i
plrimelrSL16J it SSR F PRy 519, 45 A 51 4, LA
HEHEHEL Y DNA AR, & 14 5 1) 1) SSR M 32 )7
LSS TIE SWILY 52T b

NP1 : 5'-ACTATAGCCGGCAGACTGCGT-3" ( for
EcoRI adaptor-ligated DNA) ,

NP2 5'-ACTATAGCCGGCGACGACCGA-3" ( for

Mspl adaptor-ligated DNA) ,

i B R 21 A5 A 145 B — 28 SSR vk,

PCR &3, &3t & M1 4 B8 SSR A sl 7
SER YRS ¥ 5] SSR 514, PCR §7 3, #5473 7=
YIAE Y, 6% A5 PE PAGE 405, 4R Y1) 0] LI 5
SSR UM H 5%, B3, T IE A T 1Y,
SIYFS H Invitrogen A2 918 5 A %,

1.2.3 SSRE|¥EERN  FIHIF & 8519 %t
W IO FIRIEST PCR ¥ 38, IR &R (20p]) HH 25
10 x buffer 2pl, dNTP (2. 5mmol/L) 0.4ul, 5| ¥
(10mmol/L) 0. 6pl, Tag DNA % & (2. 5U/pl)
0.4ul,DNA #i#y 50ng,ddH,0 15pl, PCR i )%
K :94°C TS 5min; 94°C 725 1 30s,55°C 1B k 30s,
72°C FEA Tmin, 30 DMEH ; 55 72°CIEH Tmin,4°C
TRAE . FT 77 1 25 FP k50 i [ RAR A= fb A FRAS HD
PCR ¥ H47E biorad (MyCycler) %l PCR {17, 44
FERIHE 109 14 A 54 2R D9 I T P 05 e - Fl 9k 40
YT B AT

1.2.4 HIFBAESRESHT £ PAGE K AH[A]
ERAE L, AAIC N 1, Taic i 0, ki R
999, # [ 1,0 ] —JCELHE A M, N H Popgen Ver.
1. 32544314 Shannon-Weaver ZFEETS ST 1 Fistf&
— B i 2 SR BRSO (UPG-
MA , Unweighted Pair Group Method Arithmetic Avera-
ges) , >k NTSYS-pc 2.2 ST T RIS, SSR {7
S Z S MG B Anderson % B A R
PIC =1 - X P} 15, Hh P, R F— LSR5 i 4
AR SRR

2 HERESW

2.1 EF SSREIMFAX

2.1.1 SSREIMFAEINE A7 FFH
2 DNA #£47 SSR R BEadk PR 14 , 45 5 4 2 1)
SSR 7 AL 51, B ok A AN ] 5 R 20 67 A 1y 47
BB GERE R By SRS DL S A SSR 3
FEHITE AR S5 ¥, 64T PCR 970 | M43 T 204K,
Wy 5 A8 8 SSR SCE, M XA E A ALY
Vit vk, 234 i 500 %t SSR 514, 4R I 7 H
FEAZ TN TT L XX 25 [ AT T A, Hor 249 XF
5| W REAEY 1 B0 ML — A5, 29 17 50% 5 Horp
A 54 X514t LIy S 20 M 2 28 A
BRCRIE10.8%

2.2.2 SSRE|¥MIMEEMNE St ik, kM
For 28 XA P Z BT W), X 166 515 TR A% 0
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1 5|%1 BM486 TEER I H M A B B4 R

Fig.1 DNA fragments amplified by BM486 in tartary buckwheat
a.b.c.d fll e 53 HILF 5 ANENFEF ;Mr 2 50Ubp DNA Marker,

£ RNV BilJ2 300bp ,200bp . 180bp ,160bp I 140bp

a.b.c.d and e represent the five alleles p;Mr means 50bp DNA Marker,
the sizes of bands are 300bp,200bp,180bp,160bp and 140bp

1E 28 X SSR 5|4y rh, A EE J% A B RN 2 L 4%
A EASAL IG5 5K 0. 0586 ~ 0. 7463 F10. 0241 ~
0.9699 , “F-IIE 45147 0. 3099 F10.4169, 4K 2%

BENTHIBZG I, A 6 X519k

WA ERE K TSR G, 285 B8 (PIC)
ASARHERE K 0. 1383 (BM3) ~0. 7015 ( BM28) , “F-

54 0.3600(£2) .

F2 SSREMMBEERNER

Table 2 The polymorphism analysis of 28 SSR primer
pairs in tartary buckwheat

5% SR R U he EZ
ATK No. of IaE IEE FRER
Primer alleles Ho He PIC
BM3 4 0.1084 0. 1257 0.1383
BM4 2 0.0783 0.0755 0.2109
BM11 4 0.3517 0.6799 0.6105
BM28 5 0.3484 0.7463 0.7015
BM192 2 0.0904 0.5000 0.3743
BM202 5 0.3916 0.4577 0.4172
BM225 3 0.3012 0.2718 0.2388
BM254 2 0.3758 0.5014 0.3749
BM256 2 0.0241 0.0586 0.1567
BM257 3 0.7470 0.4802 0.3777
BM270 3 0.2500 0.3820 0.3170
BM272 2 0.3735 0.3047 0.2576
BM274 3 0.4699 0.3873 0.3329
BM281 3 0.3253 0.4916 0.4215
BM287 2 0.3091 0.4625 0.3548
BM312 3 0.9699 0.5041 0.3794

.

gR
519 S D 4L M e EZS
AR No. of Py FEyis AR
Primer alleles Ho He PIC
BM318 4 0.4277 0.6770 0.6162
BM347 3 0.0241 0.2890 0.2662
BM362 2 0.2485 0.4625 0.3548
BM387 2 0.1386 0.1599 0. 1467
BM398 3 0.2349 0.4438 0.4010
BM403 3 0. 4096 0.5534 0.4524
BM424 3 0.2545 0.4264 0.3639
BM451 4 0.2289 0.2721 0.2536
BM461 3 0.4578 0.5194 0.4161
BM474 3 0.2651 0.4908 0.3724
BM481 2 0.1506 0.2438 0.2136
BM486 5 0.3203 0.7051 0.6585
-4 Mean 3.0357 0.3099 0.4169 0.3600

2.2 EFM SSR tridiEfE oM

2.2.1 AERBEAFHEFMREESHEE &R
ANTA] Y H BER JERE 166 1535 3R FE IR 30 14 AR,
Hor bR PR A D 1 5 HE AR B A 0y 43 M TR 4,
TEX AN R R PR BT R B A5 BB S 4 B
A3HT, T AR 7 AN T] F 5 2H B a) B9 35 15 2 AR 1
MR 3 RTLAE A AR R AL R 2 AR PR 8 502 ik
JEFEIA 0.3633 ~0. 6671, Hfz i A /2% A U1 Y
sl K TS A B9 (0. 6200) | PU K (0. 6193) £l
JETAZR (0.5692) , 2k H W 5 /40 7 1Y it Fp 75 e 4
B A, SRR IR b A SRR 4 A B I R



51

WHEG LA i IT SSR 5T A B OHAE SR AL ARV AT v 9 763

A BRI 0. 2243 ~0.3988 F1 0.2590 ~0. 4210,
F£3 ET SSR WARFKIRAREFMHRELSHERR

Table 3 Shannon-Weaver indices of groups of tartary

buckwheat germplasm from different origins based on SSR

\ FARAG DI ,
Ut s MG WA
Shannon-

Origin Ho He

Weaver index

sl 0.6671 0.2889 0.3306
P 0.6200 0.3796 0.4210
i 0.6193 0.2722 0.3401
JersK 0.5692 0.3614 0.3815
Bt 0.5673 0.3988 0.3615
Hill/TE 0.5666 0.2458 0.3468
Wi 0.5433 0.2243 0.2728
i} 0.5419 0.3546 0.3088
i) 0.5234 0.3956 0.4057
W 0.5116 0.3200 0.3957
W 0.4541 0.2689 0.3711
g 0.4510 0.2827 0.3490
NLVE/S 0.4498 0.2946 0.3482
L7/ NEEl 0.3633 0.2625 0.2590
F4 EFMRAERIREHEEERE—HE

2.2.2 ARERFHBEEFHRAOEEZEXRE X
H1 PopGen version 1. 32 3, R4 Nei’s 75k o
Mros e iR ) s — 8 (R 4) ,mT LA B, 14
AN FE B AL RE Y a5t AL — BOEE R A VS
0.7842 ~ 0. 9788, A& k3 [l 4/, Hoh 7 Z/H
I 5 B VY a4 — BB KRR, i 0.9788 , R
RTE/ N EER, B3R 0.9691 ; P K
S5 sk, 8 0. 7842 T S W Ik =2, N
0.7843, R HPEAL Y (FZEEL T/ (10
VY BV e H R T ) B A IR R 3R
KR G, Mok A b E A7 5 R 7 R R 1]
WA R KA X B, AR, 8 14 — S0 5 B4y
MARKKR,

HAE Nei's #8044 —BUE K NTSYS-pe2. 2 #ff
XTHER 14 NABEIEITRIE (K 2) . NEIHE H
K FIBEPU AR5 R B H T B B SRR RHEE B
ISl JERUPIIROYY PRSP S E PNl 0K R i B
14 AN BEAE L — 30U 0. 868 4b 1T A4y = K3,
85 T REEHEARAL AL o X & K6 H NS

Table 4 Nei's genetic identity among groups of tartary buckwheat germplasm from different origins

e ey TVTRIVERC e e ww rm mn zm s m

Origins Liaoning/ Shanxi Shaanxi Gansu/ - Jiangxd/ Qinghai  Hubei Hunan Guangxi Sichuan Yunnan Guizhou Tibet
Inner Mongolia Ningxia Anhui

1y 0.9507

(S| 0.9124  0.9376

B/ T8 0.8969  0.9223 0.9788

TLVE/ %8 0.8846  0.8582 0.8945 0.9004

Hil 0.8785  0.8865 0.9432 0.9691  0.8892

il 0. 8987 0.8750 0.9134 0.9107  0.8754  0.8818

Wire 0.8428  0.8481 0.8403 0.8583  0.8351  0.7877 0.8859

i} 0.8856  0.8957 0.9056 0.8911  0.8707  0.8335 0.9204 0.9243

pu i 0.8722  0.8611 0.8819 0.8996  0.8705  0.8663 0.8889 0.8726 0.8849

=M 0.8334  0.8067 0.8482 0.8736  0.8383  0.8497 0.8376 0.8227 0.8064 0.9690

Bt 0.8418  0.8137 0.8349 0.8681  0.8536  0.8366 0.8776 0.8774 0.8425 0.9525 0.9563

a5 0.8291  0.8543 0.8705 0.8665  0.7988  0.8461 0.8049 0.7843 0.7842 0.8874 0.8710 0.8594

JersK 0.8791  0.8967 0.8971 0.8844  0.8097  0.8613 0.8469 0.8232 0.8153 0.8862 0.8768 0.8714 0.9474

JEH DX, WL TR PR IR N E TR P S
VI B e TH R SRR O 5 MRS, it — 2 4
SyTEBE—EE R 0.886 4k, 55 1 KA 43 RiLvh/
RO IEANIL T/ S iy Bevh TR HON T

TRERE S 5 55 TR 2RI 20 24 P R T 9 K S 26 R 5
MUN SRS, RALRR M, Ll Fe vt
TR IR) BAT RO Y 2R OC AR [ i ELAT 1 A 3
Ak
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Fig.2 Dendrogram of groups of tartary buckwheat germplasm from different geographic origins based on genetic identity
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3.1 EFH SSR5|#F%

SSR 43 AR i i AR R 4 iz N TR
U5 AL DL R AL ZRE 9T . AR A EIF A
SSR BTk SIEG AR WA IR 28, 8@
XA SSR T B E T I e Y, 48 KA B il
FMBEMIRE X — TR, 53T SSR 519 3Pk |
fAT G B, 7 AR I 2l b IRl iR v, R
IRV IR T 500 X SSR 514, 275 FE 4% L Ff
FRE , Herh 54 X551 WrRe sy 1 th AT i 2 A 4
M, 15 10. 8% , Hb Ma 2P JF & Tl FF SSR 519153
IZ S L% (7. 4% ) B, {H 2 L Konishi
SRR T TR L 251 SSR 514 (26. 7% ) BRAR
%, THRTFRHINEE MBI 250 R 41.5% ,
TIARARF A /N2 Jg 58, 3% | e R EEAR, A
WSO SR B GBI B 3 A AR
5o HSHAMAEY R, FAEREH WA, 51
BM202 ¥ 1445 51 5 NSO, 51 91 PIC &
FAXFELARG , 2 BITF & 14 SSR 51 4] LUFH T-46: I 45 5k
A BRI g T LRI 2 R AT KR 5
SSR 5tk , R FEptoe s it A i o Fhrid
3.2 EFMEMNEESHESESEXRRIT

M SSR FRicZr AT 4 R E A7) R A )
FEGIR I i85 — SO B AOK P3¢, T RE AR s A% AR
S KT RS A R R mlR B T ) R e fifi 4
MBL2Z 8] 35 2 5 Z Wi T, Shannon-Weaver index 2%
AR FE R 0. 3633 ~0. 6671, 17~ H A ]+ 3 >k 5 20
FEZ [ AA A2 W Sl () st A% 2R 22 S ok F U

25 T RN A A ) A1 38t 15 22 B PR, R oM R A
IRAN SR, 2 DT 11 VG T B b 408 b X2 35 5 o i gk
& ZRE MK e by o 2 2% 10 B R A 578 S
A RE R T B G OB i N 2 — |, R SCfe 2 4
2 R RRRIE SR IR K 5
o IR , B R et A SO,

VIRl s AL Z R0 5 st B i T — E R R
= P BN PRI R A R R 2 —
KA, AL T/ NS LLPE BergFE il TR RN
— KK, BARTFERN R R 5 H FOR A % )
KR X GEFER A 1 AFLP S5 R B s &
BEPERF IR S5 T — 30, TEWR s ZRarE 5 R IR
P YIRIG, R IE R 2N R 3R IR v [ P
FAHILIX, Tsuji 25122038 j A (P 5E BF A o T Rk 1
FEIIHESE R AR W R TR M T R e = R Y
PEIEHBIX 53k, Tsuji 251 BRIFFE fak s V4 JE D4 340 1t
X Al BE SR A PSR AR . AR A R R =
U1 R g e e o o LA e e st % 2Rk RN <
RV R b X R TR TR M 2 10

5% ik
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