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Genetic Diversity of Tartary Buckwheat Based on the
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Abstract ; Tartary buckwheat is widely cultivated in different areas of China and gradually evolved into genetic
diversity. In order to study and utilize the tartary buckwheat ,the PAL gene differences of the tartary buckwheat were
analyzed on 67 samples,which were collected from different provinces of China(including the north region and the
southwest region ) and the Nepal region. We amplified the PAL gene by PCR and then acquired the sequence results.
Based on the sequences, genetic diversity was analyzed and cluster of analysis of 67 samples was also carried out by
NJ method. The results showed that after aligning and splicing, the length the PAL sequence was 2011 bp in the ma-
trix, the variable sites was 160, while the parsimony informative sites was 33, accounting for 7. 9% and 1. 64% of
the total length,respectively. Variable type were mainly base transition and base transversions. Variable site mainly

concentrated in the region of 600-1200,which was the site of the N-terminal of the exon-2. The intra-specific mean
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distance of the Sichuan group was 0. 016, while the tartary buckwheat from Inner Mongolia group showed that the in-
tra-specific mean distance was 0. 002. And it revealed that there was a significant difference among the tartary buck-
wheat resources in genetics diversity from different geographic origins. We checked the 67 PAL sequences using soft-
ware. And it showed that the average value of the Nucleotide polymorphism( ) and the average heterozygosity ( 6)
were 0. 0034 and 0. 0143, respectively. The Nucleotide polymorphism (1) value in samples from Sichuan was the
highest(0.0148) . From the phylogenetic tree, it indicated that the 67 samples from the different province could be
clustered into seven categories. And the 5 sample in Tibet were clustered into another category. These results showed
that the PAL sequences of the majority tartary buckwheat samples was stable and the differences between the most

samples was not significant. The samples in Sichuan province had abundant genetic diversity. But only in samples

from Tibet it revealed many SNPs site ,and this should be the new mutation spots in the PAL coding regions.
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Table 1 The code and origins of the tested Fagopyrum tataricum (L. ) Gaertn.

[i%=2 55 AP FR P 3V [i%=2 G55 AN 2 FR He

Code Accessions number Name Origin Code  Accessions number Name Origin

1 QM000967 TIE FEANZE T IM 11 QM000988 e H [ P XZ
2 QMO000969 IR HPEN S IM 12 QM002367 TR Hh [ PG ¢ XZ
3 QMO000972 WA b E 5 QH 13 QM002393 WFE Hh [ VG XZ
4 QM001215 IR o EH M QH 14 QM002394 HHE o [ P X7
5 QMO001218 TR TR E Y QH 15 QMO000997 ik TR E LIPS SX
6 QM001219 TIE b QH 16 QM001007 TIE R ENLPE SX
7 QMO000976 RS o = PG XZ 17 QMO001024 IR g SX
8 QM000979 W T [ VG XZ 18 QM001038 HHE R P SX
9 QM000981 HFE o [ P4 3 XZ 19 QM002447 IR TR 57 RE LIPS SX
10 QM000985 IR o [ P 3 XZ 20 QM002464 REFFF o L P SX
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5 Gi—45 AP AL R K5 &5 5 —%i'5 a2 R P 3
Code Accessions number Name Origin Code  Accessions number Name Origin

21 QM002470 RS B E P SX 45 QM002666 TR 57 HE B GZ
22 QM001078 AAKESF P EBE VS SHX 46 QM002680 BR-3 ESMN GZ
23 QM001094 HSE P E B VE SHX 47 QM002686 IRFFF HESH GZ
24 QMO001142 TIEH HhEH R GS 48 QMO001390 GBS T EZ=R YN
25 QMO01154 LEFE TFEHH GS 49 QM001394 ik PEZR YN
26 QMO001161 TSE P EH GS 50 QMO001400 o) 5 5 1 E =R YN
27 QMO001170 NG o EHR GS 51 QMO001404 BT FEZF YN
28 QM001187 /NFE P EHWN GS 52 QM001426 KI5 PEZM YN
29 QMO001194 JER 3 o HOR GS 53 QM001463 PNLE TEZM YN
30 QM002515 &5 oPE R GS 54 QM001479 ISR PEZM YN
31 QM002527 R FE FEH GS 55 QMO001487 P i E =R YN
32 QM002538 H¥F1 5 FEHH GS 56 QM002690 FE IR 55 FEZ=F YN
33 QM001234 A R E P I SC 57 QM002400 87-23 (F6080) JEI/K Nepal
34 QM001320 iy rrE I SC 58 QM002571 WA thE 2B AH
35 QM002624 BATTE rhE )i sC 59 QM002574 HIE rfESIAE HB
36 QM002629 WIE FRE )i sc 60 QM002594 HHE rESIAL HB
37 QM002631 B A IR A FRE I sC 61 QM002600 HHE rESIAE HB
38 QM002849 TR FRE Y1 SC 62 QM002601 S o EBIAE HB
39 QMO001348 PR o E YL JX 63 QM002606 T L HB
40 QMO001349 yIRIR IS rf TP JX 64 QM002609 RS o E#IE HN
41 QM001361 NNk HRE SN GZ 65 QM002610 YA 57 i E#IFE HN
42 QM001363 RATTE HE SN GZ 66 QM002611 VeSS rEIFE HN
43 QM001377 TR tPE B GZ 67 QM002707 HiFE HFETTTE GX
44 QM002661 HFE P E SN GZ

IM : Inner Mongolia, QH ; Qinghai, XZ; Xizang, SX; Shanxi, SHX ; Shannxi, GS: Gansu, SC: Sichuan, GZ ; Guizhou, JX; Jiangxi, YN : Yunnan, AH; Anhui,
HB: Hubei, HN ; Hunan, QX : Guangxi, the same as below

1.2 Fik 1.2.2 PCR ¥ UF  PAL J¥ 51434 it 11514
1.2.1 DNA WHRESHM AL R ATl % 2T NCBI LA A SR PAL 12 P91 (55
23 ~4 FiR e gt B R QIAGEN A RIEE O GQ285125) , M oligo 7. 0 i1t e84k 15 PAL %
HE7Y DNeasy Plant Mini Kit(50) $2 & F 4 DNAH - BEY 869 3 XI5 rsansk 2., Fris 9 H
1% SR MEBE IS F UK B2 AR BB I i 0 O EE TR I A T AR TR A PR "G U, Sk fid |
DNA A&l AT R # ke 2 H AR E 30 ng/mlL, Fike , W 10 pmol/ L,

*2 FASIMERREFS

Table 2 The name and the sequence of the primer used

519 SIYIFH(5-3") 51 B (bp) PCR i BtR/IN(bp)
Primer Primer sequence(5'-3") Primer length Amplified length
Forward Primerl TAAGGCCAGCAGTGATTGGGTTAT 24 2393
Reverse Primerl GTACAGTGGGTATGATCTGCATTC 24

Forward Primer2 ATGGGGGTCTCAAACGGA 18 2549
Reverse Primer2 CTCCAGTGAGGGCAGTGAA 19

Forward Primer3 TAAGGAAGGCGGTGCTCTT 19 2166

Reverse Primer3 CTCCAGTGAGGGCAGTGAA 19
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PCR WA Z K 20 wL, £93% 10 x buffer 2 pL,
2.5 mM dNTP 0. 4 uL,10 pM 5#14% 0. 6 pL,
2.5 U/pL Tag DNA A T7F0.4 wL,DNA £t pL,
ddH,0 15 L, PCR ¥ 3§ F a1 F .95 C 4%
5 min, DA N FEFFIEER 35 .94 C7ZEME 30 5,54 CiR
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6. 0 BRAFELIEAT P AR X6 PP 4 i | 2 A A
ST 905 B S T SRR AR AT A b, A
ClustalX 1. 83 #Kf4:H1#) Do Complete Alignment JJHE
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XF AT AL R AR 5 43 BT, FH DnaSP 5. 0 343t
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Kol Sz £ A AG HE B M % . J& T Jukes-Cantor
B A 4B 4% ( neighbor-joining ) RGEHEALR

2 FHRE5HMH

2.1 PAL FHSERIBRESHEESHOHT
KB 3 X514, %5 67 1185 5F PAL LK #F
7918 R | 20 e e, B Y s

x3 EF PALEENBEESHEESE

A3 MK N 2011 bp B9 PAL LR F SR M, w55
PAL SEH P 2 MR T 1L AN T, Hp
M 1 BB 419 bp, AR T 2 KN 1747
bp, W& TR EE 451 bp, MK K 2617 bp, ¥
W) PAL 2 N ¥ 31 5 GenBank ( % 5% 5 H
GQ285125) L EVHIEY Fipal FEHNHEAT HEXT , ARHF5E 35
180 PAL J¥9) 55 T PAL B K M 76% 05T
N TSR FE S FIAN T T 2 IR 751

K MEGA 6.0 K DnaSP 5.0 #{EXF 67 13 3%
FEMPELE) PAL BRI PP 931753 Br , 15 B AH G Y 52 4%
ZFEESE(FE3) . TELEIK 2011 bp B PAL FF5I4E
B AR S TR 160 4, RS BKER 7.9% ,
A5 BT R 33 A4, PP B K IEM 1.64% , w
(LR A S AN [ 04 7 90 AL ) — 7 s A AR PR T R 1 T
B2z 5,0 (A A s AR P [FJR DNA J7 41 1R
PR S, IR 3 AT LLE 67 375 -k AL PAL
SR TF T REENE o (0 TG 0 {55
B4 0.0034 F1 0. 0143, BEAb, ¥ bR} b X R 43
SRTRIAL, He bl ol s 45 0 1) 55 HC w2 19 48 0y 4
RIRIA, SRR E P — 4, o S Ve —
W hET S s —4l, AR XA P55 R
PAL FEH IR TR Z B o (E A28 fL i LA T 0.
0019 ~0.0148 , V#4245 B 0 HW AL E AT 0.
0019 ~0.0153, M w {EHA1 0 {EF , [ U )1| b X %
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Table 3 The genetic diversity index of the PAL sequence of the tartary buckwheat

e AR EZN A [EESIEISETASS B Z R TG
Origin Sample size Varible sites Parsimony informative sites ™ 0
FEPJISC 6 40 6 0.0148 0.0153
b E P/ JE IR XZ/ Nepal 9 38 0.0140 0.0141
tPE B GZ 7 23 3 0.0106 0.0124
EZ=m/HETE YN/GX 10 23 6 0.0129 0.0131
TR E LS SX 7 20 4 0.0123 0.0148
rp =4t HB 5 14 1 0. 0064 0.0076
o E R HN 3 13 1 0.0075 0.0075
o EHR GS 9 12 4 0.0050 0.0027
o [ B P SHX 2 7 1 0.0076 0.0076
P E I QH 4 6 1 0.0035 0.0037
rhE Y5 I 2 4 1 0.0038 0.0038
rh E VLG v E 2B X/ AH 3 4 1 0.0019 0.0019
JA Total 67 160 33 0.0034 0.0143
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Table 4 Genetic distances within the Fagopyrum tataricum ( L.

Nucleotide Position

2 PALEEFIINTHRAE(0)HEN
Fig.2 The variations of heterozygosity(0)in PAL

2.2 BT PAL IR ERIEE T4 KN F04H 8=
REEES T
FHI MEGA 6.0 84, 3+ Juke-Cantor P 2545
BN 5E PAL 7 9V ECHE R AT 23 BT, WK U848 1 A
] BT FEAA R IR AT A, 75 B AN [R) R U 7 5 41 9 1)
V-2 g5t AR B RS (3R 4) A ) Y P B 3t 1L B
B(&RS),

) Gaertn. group based on PAL sequences

5 i hE hEEE, PE i tE hE hEN, E hEzrs E hE

lem Mol il JeHR Ly By o hE%H B RESE O W4 WiEe
M QH XZ/Nepal SX SHX GS sC JX/AH GZ YN/GX HB HN

SEHRAEREES 0.002  0.004 0.009 0.008 0.013  0.008 0.016 0. 005 0.009 0.011 0.012 0.014

Genetic distances

R5 HPALFIHEREFABNFBEEES

Table 5 Genetic distances between the Fagopyrum tataricum (L. ) Gaertn. groups based on PAL sequences

S GRE| hE bR e bR e R pENTRE, hE PEZRE, PE
Origin WEEl HIE JER(E gl HOR RS hEZRC B hEDTRE ML
M QH XZ/Nepal SX sC GS SHX JX/AN GZ YN/GX  HB

= QH 0.004

o E U/ JE IR XZ/Nepal — 0.007  0.008

LY SX 0.007  0.006 0.009

i s 0.010  0.011 0.012 0.011

o EH GS 0.006  0.007 0.009 0.008 0.012

o | B P SHX 0.008  0.009 0.012 0.011 0.014 0.011

HEVTPE/ P E B XA 0.005  0.004 0.007 0.006 0.010 0.007 0.010

rh [ S GZ 0.007  0.008 0.011 0.010 0.014 0.010 0.011 0.009

HEZF/HESPE YN/GX 0.008  0.008 0.011 0.010 0.012 0.010 0.012 0.008 0.011

P EWAL 0B 0.009  0.009 0.011 0.011 0.012 0.011 0.013 0.009  0.013 0.009

IR HN 0.009  0.010 0.011 0.011 0.014 0.011 0.013 0.010  0.011 0.009  0.013
S AL PR BTN 5 , JC IR 2 A AH [F] Y v 5 O )1 3 IXC 68 5 5 6 A Aol N Y- 2 35 4% RS e K (0.

(B30 2RI Rl 77 55 it A A BEA AL TR —7KF ., 016) , i Py St b DX A w7 5 DRl N ST 34 35t A% R

4 Tl LAE 78 PAL JER F 50 | 35 55 ] —
2PN 13842 2 5 Bl R R A0 A [ T 5, SR R 1 b

B /IN(0.002) o A R DU T2 PRI SR A R
AR R MR S PR A RPR IR
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AR ZE AT B 0 Y R — b DX A AR I
bR MRS, and 5 R 25 .28 .29 32 i E
HR RIS LR 59 49 51,56 B E = B AR
UL HR B0 P B TR R R A 22 57
BN, SV, V VISR D BRI T AR
R 45 103 A R SR S A — T I, ELZH RS A, 1%
AW BRI A, R DIV VIR
A ] 2 b DX R UR  3X 1 BH 2  H DX Y A
RHEA B b S, BAFTE R A AP, 55 VT
KHEH SN 8.9.10 13 F1 14 Y 5 44y v [ 76 544
B AL, FRBIIX 5 0 VU A L 5 LAt b Ak 52 4% 5 51
ZE SR, D LRl R Sl — 2

3 i

L ZREPE AR Y TE R A R R S e R R
R AR B, AR A R e T R RR AR P, A
IAEAFIASART] SRR R AR L A8 S SR 2
WAL N b oA B LAl R RIFSE AT AL,
WA R 2 BV () S AR IR 45 8 57 0 7 51 - 35 22
B, R — LR AR A AE SRR L 5 3E PAL
B P I ZH RZFEE () 2 0. 0034, /& T 5+

63— 17

20 38

B3 FIA MEGA 6.0 32 HE T PAL F51H 67 4
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Fig.3 Phylogenetic tree of 67 tartary buckwheat

based on PAL sequence by MEGA 6.0
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FEM B 1L ZREPE KT ST IFST T FE AR IR AL 2L
R EA TN E XL,

MHERY 67 h# s L ZHEER  ABFRE 4SS
RWIR ARYEEE IR Mo T T IR 2 HEE S R
VU1 H DX A7 T B I s 2R, X 5l
AT ) R A Rl R R AR A 3 A 4 A — 3, X
FIRES DU 1] i XA Ry v S IR B — S
KB, WAL PR A IR R R R
(it % Z2 R 3 5 i i 7 45 0 RS T 4R 45 e
BRI R 45 A — 5, 5% PAL JERIE 3 & AY 38
1 2 REPE | X B 555 SR BT TE (AR 3G PR 85 A [ R k4
AR,

1E4 R 1k YR TR 2 A M AR S A
AhEIANERFE BEERRmNBEELEEZE
P WA SR FEAEYI G PAL JE D T BT AR RN
FEMPLTIRZ BN, 78 EKRIEHFH 4 57 bp
WA — A~ SNP i X AE ) 8 B 5% 9 I e IR R
PAL FER B, HARTS 2] 815 bp BB ER TS LA
25 AR A R s & A AR A, AR AR Ol 1SNP/
32. 6 bp; Y 67 35 FEA R, K BLK 2011 bp
i) PAL BEAEAE 46 4> SNPs, BARE T R &2 25 1 R
J& 1/43.7 bp, A gt P 5 (1) PRz iR 2 8 M K
TFARGRIS RS, I Ah B 0 i D4 AT 2 vl Tk
B TR HIIZIED G 5 F0 37 A8 S i X T v A,
AT BRI — WAk b ) BE PR G XA B A7 AR5 v 1Y
FRAZAL . SNPs [ 4/ 85 48 A5 (Ti/Tv) 59 R Y
WL L REME LR LT KB S O A 3 R AL
Ti/Tv A 1. 64, L HAT h 4 ZHEHKF 4518,
TSR PAL A Ti/Tv 1.0, KB 5E PAL B
IR ZRE M5
3.2 % PAL EERRG#HL

SRR (AE /ST A N R o SN N e e o I
O, ARG AT SRR P kAL S A R T, R
ALATAE 0 38 2 v B RN, S W T U B B NBS 28
RIGTIR SE R S U A U 2 R Ak, 3 JLAR

(A9 F2 B4 PRS0 3R B B AR 2R I 35t
& ZREE KGm it SSR bRic A 7 36 BEAT i 15 Z RE
MYEsE , Blnss B o As 17 %ok [ ek = 521
FAA XA FERR IR AT T AR B Mk 2R
REAE 20 A A 2R 0 TR B2 SR 2K 4347 5 8 T 4
25021 SR ISSR AT 66 47 5 55 b i S JR AT 1 s A%
ZREVE T 38R T 3R AN ] 3 X 55 972 0 R A 22 K
PERIFE & R, AR (A5 B B o T SR
PAL JEIR B8AL 5 8., 5 X0 17 5 90 IR Y 18 A% 2 RE 1k
PEAT AR, R BI 5 T5 55 0E UR B 8 A% 22 RE Tk 4R 4t 4 1
ZRERIGR, LI B A4k R RN N 18 1 25 57
W i SR TR P AN TRD I A [ 88 BH 0 5 b DX U LA
FE ML 2, X 5 R A ERMERE
AT FRC AR AR B 25 R — 2,

MAEFE PAL FER W R G AR TH & 67 137
FEMBHE A 7 AT, X S RIS S R 2B
WEFERRL PAL P9 2 0] 25 458/, 53 2 5 b PR IR
BA SRR, TRER R JE 7597 PAL M SRR R 8 T3k
AN R, MR B E A B B AT PAL LR (Y5
M /N, AHFESE T ZEBEAR IR ML IX A5 SR 6 R Y PAL
R EA—E MM, B8R BGE, wixt T H
M SEHE BN R A 0 R TR A A R A — 28, n 1T
FEER R R E U 2R BCH R TP AL R
RN —J5, BRI G A i 22 5 AHRH AL 38 A 20
Bi SR AEEAR s SR T BE AR TR L
)N WRLAIE -E =P iRy = G i /YA 5 Y e
()5 oy v [ P ARG TR A4 R, BT 25 51 & LA L v
HA B2 (OIS SR B (1 1 0L, KX 5 1y
MRS HAORIEABAR HE 78 & T X3, A Bk
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