EP) & Crops

2026 (1) : 26-32

ET SSR #rigHY 104 R EFMERZIE
1R1E R R BN SR o3 AT

Bobl HEM ERBC M B KKK B E' ARE

A BB R B, 010031, A SEIFATESS 2 B i AL R AR FEBE, 063001, LR )

# E A SSRATARE, SHE 104 0 FFRET AT RITEE SHFUERBEREMN S, ZRET, 9
% AMEZE SSR FME 104 ERM AR RTETHE 22 AFEAR, 435105 8 EFELRHE 2-4
A, FHEAEE R 2444 A, FH i EEARHK (M) . Shannon’s Z MK (D . WMEEE (H) Fii2
4% (H) F3HE» 54 1.820, 0.629. 0.058 #2 0.401, % A4z 84F (PIC) SEEH 0.0096~0.6115, F34
{8 03312, @it dEAein £-FH R L& (UPGMA) #TR L5, K 104 ERM AT RSN 4 NAEE, AFE
+. =@, FMNFwERSFAM, TESHAAEINFIV, LEEDMBIHHY, BEREEHRLSH
Mo BT BREM SR e 2 LARPH (PCoA) Boif, MBI FAERESAA—K. AFFRE—F W
BT ERIT IR AR SR AL LR, FEE 1TOFELRE R AR, AERMETROA K

DOI: 10.16035/j.issn.1001-7283.2026.01.005

F) B R AT S AL B PR ARG

KR EFR; SSRHTFARIE: MRATR: EESHME, HAEH

T F¥[Fagopyrum tataricum (L.) Gaertn.]J& 22 £}
(Polygonaceae) F#ZJ& (Fagopyrum Mill.) , H—
AR A BT, RFFRER) 2 MRS —,
FRNE 2w FF U 5 b AT X, FhoE P s A&
A, POETRARRI = &3 fE A AT 52, R R4
B PUS WA T 00 RS L 5 S5
PEBY, 25040 TR E P R AL pE L &5 X 451,
VER—Fp B () 256 RN SR, SR E
ETEAM. AR, BN RBEEAYE. 4R
GRS E R, EEAEYIER ., SE M
D-FHENEEEAYEEY I, H&HR . Prafl.
PUBBKEEA . B “ =7« BIIRNE IR K B b
S5 2 PR 25 R D 2710

b BT BEURWCER S5 VPAN AR B P A B BE Al
P 3 FARCBOR I v 7 ot SR8 AL 2 e %
RGRAWIL, MEFAFmMEE 5k EEA
HEZ L. WPRELZTH (simple sequence repeat,
SSR) 7 Fhrid eI, AN+ E HEEM
e, AEITACL SRR G AR S R, O
REER D Fhidz—, OF ZMNHT KRB
/N D3I O DIEE 32 AR W) 1) 18 7% 2 FEVER 9T .

I 55 5 77 4 2k IR AL e s 4L e 8 1 A AR 1S,
SSR 43 F-hR 10 1L T 7 M I B YR A AL 1) R R
JTZ. Hiul, BN A %4 SSR 4 FAric
RIF T TR BAE 2 AT S RE, A g2 g 5500
K H SSR 4 FFRic X 60 473 5t 75 2 P 04738 4%
ZREME T, FE T DNA 2 7 S e 5 %, AE
SR M TR R IR AL SRR AR
SEOTDL 318 4 w7 FE M B2 U A KL, FIA SSR 4y
FhREx 11 AR R EAT R 4, A E] 54
AN SSR A i 5 FE M R B YR AR 2R A R 3 Ok
WK, NEFRZHERAIEE S Fhaidiii g
FRERAE TR 255 RS BI0AE T SRR A E &
SSR fi7 i, HApHZFHRESN - ZITRERZRS
R NFEE, SSR A THEEE N 3.04 kb, FFK
() SSR 4r FARIC £ A& RAF; o 96 o 26 05 4 v
FF 8 skt AR BE R 2H 7 511 SSR Arid, KK 42
P FRH T SRR 2 FEVE RS, BRAE T =5t
by X R T B YR 18 A% 2 PR A e T LA X 3
(P& 08-200; I 47 1| S5 RN 49 4 1L 75 48 o 77 Fh it
R EAT I8 AL 2 B RLBAE SR b, KR
N9 ANHEL, FELH IR) 52 2 b S s B SR Y

EHERA: ZobT, T2AERELFME5H3EH 7%, E-mail: wuyening0806@163.com
SR BEEYE, TE2AFRLFMASHIZHL, B-mail: jinxiaoleil23@126.com
AEME: 2023 FAHMALAE —RBHERFRESH AT RLUFEH M EFT —HAA AT RUNZITBATLE

(2023CXJINO5)

HAG B B4R 2024-08-02; #4521 H #A: 2024-09-26; M H s B #1: 2025-01-17



R 230 #1 P

BT SSR FRIC I 104 43 75 57 5 B3 8 1% 2 FEAE SR AR 5 70 27

B

AT 5K SSR 3T AR ie % 104 47 AN [H) K5 1
MR BRI R Z R SRR T, B
TEFE 7N TR IR 2 [ PR R R, PRI 78 77 5%
PRSI A 2 [ R &R, Ik R ok R —
(AR SRR, N SRR SR — 2 A R A
iRk R pE B KR .

1 MRE5RE

1.1 i

B RLE B N 5 E R X AR B0l R AR
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Table 1 Test material information

Mk 5 S Hh kRS S Hh Mk 5 Kt Mk RS S Hh kRS Kt
Material number Origin || Material number Origin || Material number Origin || Material number Origin || Material number Origin
S1 ANl S32 P S60 S S83 BN S110 sl
S4 il S34 P S61 Gl S84 e Si11 )i
S5 i} S35 M S62 S S85 EL S112 sl
S7 Gl S36 )i S63 Gl S86 e S113 |
S10 sl S37 H S64 [t} S87 EL S114 sl
S12 sl S38 H S65 (gt} S91 EL S115 il
S13 )i S39 HH S66 B S92 e S116 )i
S14 il S40 (i S67 (St} S93 AEL S117 sl
S15 S S42 P S68 (gt} S94 EL S118 il
S17 biil2) S43 P S69 gt} S95 i} S119 il
S18 ] S44 =M S70 =M S96 EIN S120 U]
S20 iip] S45 M S71 P S97 R S122 e
S22 ot S46 B S72 e S99 HER S125 e
S23 i 7§ S47 )| S74 e S100 HER S127 ot
S24 Py S48 ya)i S75 e S102 Bl S128 e
S25 Py S49 B S76 e S104 HER S129 e
S26 Py S50 B S77 e S105 HER S130 e
S27 Py S53 B S78 e S106 HER S143 e
S28 Py S54 B S79 e S107 HER S147 e
S29 Py S55 = S80 e S108 E S148 ot
S30 Py S56 )i S82 (5t} S109 E

1.2 EFEFLE DNA BYREL

T AR 1S RLF T35 M T B i . Al
TRt 2 FymE, BEVLRSE 3 Nk, SREL L
RFHRG, AR JE B S Bk AR, R
CTAB 71RO EUIL K 2 DNA . FIFH 1% e B e
FL YK A5 K60 BT 2 B DNA KNI, T 4
AMY TSI DNA B IR T, HRHE Aseo A1
Aoso KEWOEFE ) LLAEL A U] DNA Jii &, ¥ DNA FEA
B T80 °CCAMR-F
1.3 SSR 3|41t R 73S M

FIF Primer Express 3.0 24X} SSR 5| 44T
HLE W, BEHLIEE 100 ST 5% B4 T A
YR (R A RRARAT I E . HEEL
R ZEFBOKIM 15 344K DNA (S1. S4. S5, S7.

S10. SI2. S13. S14. S15. S17. S18. S20. S22.
S23 1 .S24) 1E4 PCR ¥ H4#8itk, FH T 5k 514 ()
Z &M . PCR JRMLEAEFAN 10 pL, 5 5 ul 2x
Taq PCR Master Mix (Fg 5% i ME#E A DI RHE A A
FRAHED , IEFMS4 (10 pmol/L) 1.0 pL, I 5]
) (10 pmol/L) 1.0 uL, DNA % 1.0 uL A1 2.0 pL
ddH>O. PCR ¥ # x NF2JF: 95 °CTHAZ M 2 min;
94 °CAZME 40's, 56 °CiB/K 455, 72 °CILEfH 1 min,
27 MEM; B Ja 72 °CREM 7 min. RVEE S,
TEFEPIHNA 2 uL 220 (0.5<TBE) HEty, LA
50~500 bp DNA 7 & NbnifE, FIHEB4EE HIK,
SR AT 2 SR . B 2 SRS
kLA REN IXNIEANSRII Y. KXH
6%0~8%o M) A2 11 58 TR A 1 g o e HEL 3K FEL VK 22
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9 0.5xTBE, /i Aq v A& M Gl 2308, HL K B
B 1.5uL, MG E 14 50 bp brid, HIKEIE
N: ESEAE 120 V. 400 mA NiZE4T 20 min, FfJE1E
180 V. 400 mA FizfT 1 h20 min, ¥ 34 H B R3]
I R B IR 0k o EH R R P AR v Y
o, IR F E TR R SR A R AR B ER

1.4 HIEAIE

FRIE SSR ¥ 14 P~ W Lk I L (iR &
NTHER, By #&aicn “17, LYk
WL “07 , M TEIRERE, It E 2SN
2 H % . FH GenAlEx 6.51b2 #At43 #r g4
SSR v S FEFE AR SN I FIAL (N« AR5
S EEF % (M) . Shannon’s ZHEMFRE (D . MW
MAERE (H) MPEEEEE (H .

1§ F Powermarker 3.25 BB &4 S 23S
MEESE (PIC) , PIC 5y A3t K% H
AURZAT I, ) SSR X SRl X 4, PIC *F
BIE S MR B R E B K F 2 IERR, 4 PIC
=0.50 i), MRS IR v E 2 &M 0.25<PIC
<0.50 B N EEZ A1 PIC<0.25 BPNRE LA
PER24, AR MBEE R K% (UPGMA) 4
HIREE .

i H Structure 2.3.1 BAF 730 B it islA4 RO A AR

WAL SER), KRR ECE TME K BN 1~20,
MCMC (Markov chain Monte Carlo) FlA1E %k
AR K E 5y ) ¥ B R 50 000 A1 100 000, A
KEEEIEIT 20 K KT8 RIANELET
structure Harvester Chttp://taylor0.biology.ucla.edu/
structureHarvester/) 34T SRR ZTUN, AK H3
BB B B B RN H O M8, “H—%
WA BHER — B 1A 70 b O (EBOR, M B
MRLSEZOC RABR B B —, 5 WA Z 3R AR
WG R ZWE P, fFH Structure 2.3.1 FAFZ: il
R AR S5 R ]

F F GenALEx 6.51b2 31 i1 5381 1% 2 B9 46
B, FEUCHEAN EEAT Z4E T ARFR o AT, JELHIET 2
A FE 431 PCoA (principal coordinates analysis )
YRR

2 GFRE57H

2.1 SSR 3|¥IMIB SN

M 100 X SSR 5| ik HY 9 X 2k i i H. 2
SR GI. TIER (k2 BxR, 95
YIAE 104 4387 554 57 B2 Hh 918 th 22 NS A
R, BX) 5| 38 S r BRI AU AE 2~4 Ya el iy, P31
BT RN 2.444 Ao RGN IR R T 3518

&2 SSREIMIBESMER
Table 2 Polymorphic information of SSR primers

o ) B RREAL Shannon’s pYARL| A 25
o A ) EREC OEEE ERHER RS RAE REAR
N A I H, H. PIC

P13 F: AAATTTCGGGCATAGATTCTGA 2 1413 0.468 0.010 0.292 0.2497
R: TTCGATCCATCTTTTGGGAG

P21 F: ACTCTTCCTCAGCGCTTCAC 4 3.081 1.204 0.077 0.675 0.6115
R: TCCTTGCCTAGTCCAGCAGT

P43 F: AATTTGTTGGCACACAAGCA 3 1.420 0.506 0.048 0.296 0.2573
R: GTTGGGACAAGAAGGACTCG

P52 F: CGATCCCGTAAGATCTCGTC 2 1.010 0.031 0.010 0.010 0.0096
R: CGAGTTTCGAACTCCTGACC

P53 F: TCCATGTTTGAGGGGCTAAG 3 2.086 0.870 0.058 0.521 0.4499
R: AAATTCTTGCGCATTGCATA

P68 F: AAGGGCAAGATTGCTTACCA 2 1.874 0.659 0.087 0.466 0.3576
R: GTCAGGATCCATTGTGGGAT

P69 F: AAGGCAAGGGTATAAAGGGAA 2 1.649 0.582 0.077 0.393 0.3161
R: GAACAGGAACCCGAATACGA

P76 F: CATACACATCCGCCAACAAG 2 1.969 0.685 0.048 0.492 0.3711
R: GTTAAGGCAAACTCGGTCCA

P99 F: AGTGAAATTTTGGTGGACGC 2 1.874 0.659 0.106 0.466 0.3576
R: TCGTACTTTCCAAACGCTACA

“F¥I{H Mean 2.444 1.820 0.629 0.058 0.401 0.3312
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UPGMA cluster analysis of 104 tartary buckwheat germplasm resources
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Table 3 Germplasm composition of four groups based on UPGMA cluster analysis

R Tl 3 L 45 FFCRIE (BoE)
Group Total germplasms Percentage (%) Origin of germplasms (number)
I 29 27.89 Hilt (15 390 (6) 5 WEE (5) 5 il (3) 5 BEpE (2) 5 PU)I (3) 5 =F (3) 5 HEIK (6)
I 6 5.77 S (2 5 WEH () 5 = (D
il 34 32.69 Hie (D5 S0M (4 5 WEEH (9) 5 g (1) ;5 BEE (D 5 P (13) ;3 =F (5)
v 35 33.65 Hilt (4> 5 S50 (3D 5 WiFg (1) 5 ITF (1) 5 W (9) 5 i (1) 5 Bt (5 5 PO (3);
=M (5) 5 HK (3)

0L, HAREMHEI Y, FAERRFE fiE
(=206
2.3 EFMREIRRHAENON

XA BT BE R S M o i (11 20, =5 K=4
I AK IR RAE, BB RDRE 104 4355 57 Fh 5
PURRI G 4 AR . K=4 B [ RF A48 A5 45 1) ]

3PN, 4 NHBE A4 N AL B CHID, %4
S R R BEIEORYR IS O, 3R 5 N 104 (b BHE &
HBETH O A6 104 4R BT E 20 43 O
5<<0.6, 84 i Q1 =0.6, Uil BEh KZH
M RIEEG I RN —, AR B Q=09 1)
PRI 17 1 (S18. S23. S49. S50. S60. S61.
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AR Q =09 OIS HR I AR, WOl o zzzzz
BB PHIMEEG R RN — . 5 UPGMA %K 400001
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R 25 R RIAHTE, ARV SHEE A FIAHEE C 5 ﬂ 15 20
SYRI 14 8010 Gy BPRVEI, BEORLERI ST 5 K T
oM AR —F. Fig.2 Change trends of K and AK
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Fig.3 Population genetic structure of 104 tartary buckwheat germplasm resources (K=4)
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Table 4 Germplasm composition of four groups based on population structure analysis

HEE MRS =8| FRFURYE (B
Group Total germplasms Percentage (%) Origin of germplasms (number)
A 25 24.04 R 3 5 5 (1D 5 YIF (1) 5 WEH (D 5 B ) 5 T)I (2) 5 = (2) 5 FEK ()
B 20 1923 B (7D 5 WE (3D 5 WF (2) 5 BEFE (1D 5 I (D 5 mF (D 5 EEK (5
C 23 112 R 3 5 5 (20 5 Wi (1) 5 WEH (5) 5 Widl (1) 5 BF 3) 5 PUJII 3D 5 =r (3);
) HER (D
D 36 3461 BN (5) 5 WS (6) 5 igh (2) 5 BpE (D s I (13) 5 B (D)

x5 ETRHAESHSMKISH 4 MAR OESH
Table 5 Q-value distribution of four groups
based on population structure analysis

B il B 2

FRZE Number of germplasms

Group Total
germplasms 0<<0.6 0.6<0<0.8 0.8<Q<09 0=09
A 25 6 19 12 7
B 20 2 18 17 17
C 23 5 18 10 9
D 36 7 29 14 7

2.4 TEFFMR SSR FRICH) T4 = 4R H (PCoA)
X 104 477 75 2 b 5T 9% U5 (1) SSR brac 70 A Fiedle 2k
T bR (4, B AR R RN 4
AN, R 25 R ERAR SR 4 N ——
XN, LA R I b N AL B A6 N A
BB, 2L xR C, e 6 N 4R D,
g Rt — P IR UE T BEAAR LS o BT (R HERA PE

3 g
SEARM B FE DL E M RIS AE 2 RS
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F 15 43855584 B 100 X4 % SSR I3 T2 2
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FER YR EEAT PCR 973, § 14 FT 45 PIC Yl h
0.0096~0.6115, “FHMEN 0.3312, K 104 17557
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FTSSR 51 W3de 5 22 57 L RS I 7 VEAN R 9K
AW 7tiE H UPGMA F28 5471 1%, 4 104 4y
TR BEIR R o 4 ANHRE . B SRIE A B o
B, WS R SN AIDY 1 i o 7P o 23 A 1
BUARAL, EEAERFARIUNIV, RHANZ S
BN HLIX 75 7R 2 00 RO, HARA I w50
R A AR 5], LB T REAELE R R A 1 L. 4R
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Fig.4 Principal coordinate analysis two-dimensional scatter plot of 104 tartary buckwheat germplasm resources
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Genetic Diversity and Population Structure Analysis of 104 Tartary
Buckwheat Germplasm Resources Based on SSR Markers

Wu Yening', Hu Haochi', Wang Chunyong?, Xie Rui', Zhang Yonghu', Wen Rui', Jin Xiaolei'

("Inner Mongolia Academy of Agricultural and Animal Husbandry Sciences, Hohhot 010031, Inner Mongolia, China;
2Tangshan Academy of Agricultural Sciences, Tangshan 063001, Hebei, China)

Abstract Using SSR molecular markers, genetic diversity and population structure analysis were conducted on
104 local tartary buckwheat germplasm resources in China. The results showed that nine pairs of highly
polymorphic SSR primers amplified a total of 22 alleles in the 104 tartary buckwheat germplasm resources. The
number of alleles amplified per primer pair ranged from two to four, with an average of 2.444 alleles per locus.
The average values for effective allele number (N.), Shannon’s diversity index (/), observed heterozygosity (Ho),
and expected heterozygosity (H.) were 1.820, 0.629, 0.058, and 0.401, respectively. The polymorphic
information content (PIC) ranged from 0.0096 to 0.6115, with an average of 0.3312. UPGMA clustering analysis
divided the 104 tartary buckwheat germplasm resources into four groups. The tartary buckwheat from Inner
Mongolia, Yunnan, Guizhou, and Sichuan showed similar distributions, primarily clustered in group III and IV.
Materials from other provinces were more evenly distributed, demonstrating rich genetic diversity. Population
structure analysis and two-dimensional principal coordinate analysis (PCoA) further confirmed that the grouping
results were largely consistent with the cluster analysis. This study further clarified the genetic diversity and
phylogenetic relationships among local germplasms of tartary buckwheat, and screened 17 genetically pure
germplasm materials. This provides a theoretical basis for the effective utilization of tartary buckwheat
germplasm resources and the breeding of new varieties.

Key words Tartary buckwheat; SSR molecular markers; Germplasm resources; Genetic diversity; Population
structure
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