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Sequence Analysis of 13S Globulin Gene of Genus Fagopyrum Species

LIANG Cheng-gang, CHEN Qing-qing, SHI Tao-xiong, CHEN Qi-jiao, MENG Zi-ye , CHEN Qing-fu
(Research Center of Buckwheat Industry Technology ,Guizhou Normal University , Guiyang 550001 )

Abstract : 13S globulin is one of the major storage proteins in buckwheat seeds. This study investigated the 13S
globulin gene sequence by PCR specific amplification and sequencing using 6 species of genus Fagopyrum ,a total of
44 collections including cultivated and wild species of F. esculentum and F. tataricum ,F. pilus,F. zuogongense,
F. gracilipes ,F. urophyllum. Variance analysis of ultra-conserved segments of 13S globulin gene sequence indicated
that a total of 285 arrangement sites were identified including 24 invariable ( monomorphic ) sites and 261 polymor-
phic ( segregating ) sites (198 parsimony informative sites and 63 singleton variable sites) ,and a total of 503 muta-
tions on Eta site were isolated in the whole sequence. The intraspecific genetic diversity of 13S globulin gene se-
quence for the wild species of common buckwheat was obviously higher than that of the cultivated species of com-
mon buckwheat, and for the wild species of tartary buckwheat was slightly higher than that of the cultivated species
of tartary buckwheat. These results implied that the distinct genetic diversity of 13S globulin gene sequence between
F. esculentum and F. tataricum might be due to the fact that only a few wild type groups were domesticated during
evolution as well as the different reproductive patterns. Cluster analysis indicated that the cultivated species of F.
esculentum was closely clustered with its wild species,and further grouped with F. zuogongense,while the cultivated
species of F. tataricum was closely clustered with its wild species, and further grouped with F. pilus. The highly ul-
tra-conserved gene sequence of 13S globulin of F. gracilipes and F. urophyllum was identified ,implying a close re-
lationship between F. gracilipes and F. urophyllum. These results provide theoretical basis for the study of genetic

diversity and evolutionary relationship of genus Fagopyrum.
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Table 1 Buckwheat accessions used in this study
HHEE iiEA Wk st 5 || R i Lhe S Rz
Accession Species Origin Code || Accession Species Origin Code
TAREHE F. esculentum e P A Ak El || WSGHTE F. tataricum S Bt T10
A 21 F. esculentum S S E2 PR F. tataricum ssp. polanini PER/\1E WTI
TH1 S F. esculenium TR [ 5 E3 PP g F. tataricum ssp. potanini / WT2
EFiATiE F. esculentum B 5B E4 PF g F. tataricum ssp. potanini / WT3
i F. esculentum 52 T R ES LRI F. tataricum ssp. potanini / WT4
ER2 & F. esculentum HEvE E6 || BfinFE F. tataricum ssp. potanini / WT5
FFE2 F. esculentum Bt B E7 5 3E F. tataricum ssp. potanini V% T4 Y13k WT6
a1 % F. esculentum TH E8 B 5 F. tataricum ssp. potanini VG5 L1 FHBIX WT7
BT L F. esculentum ST £9 WP EISE F. esculentum ssp. ancestralis PO WEI
K15 F. esculentum B 5 E10 Py F. esculentum ssp. ancestralis = MK WE2
ZEH 15 F. esculentum M5 Ell B EtFE F. esculentum ssp. ancestralis U WE3
ELIRE F. esculentum TH E12 || Bl F. esculentum ssp. ancestralis =M WE4
Fit1 % F. esculentum B 5 EH E13 Py F. esculentum ssp. ancestralis / WES
INKFE F. tataricum b Tl Lot PSR F. zuogongense VUL B 71
BATTE F. tataricum BT v LS F. zuogongense VU B 72
fies F. tataricum INipNE] T3 e vt EE F. zuogongense oA AL 73
B3 F. tataricum SR T T4 7 ot i3 F. zuogongense g g 74
W5 5 F. tataricum ST T5 AR F. gracilipes S B BH G
FiFE2 & F. tataricum Py & T6 TR T 457 F. urophyllum = R
HI2 S F. tataricum g T7 BELISS F. pilus VU I Pl
w375 %5 F. tataricum 7 T8 LI F. pilus L7 -2 P
KU 53 F. tataricum PN T9 BIFFF F. pilus PO T A VT 3k P3

“/7 RRWARHATE

“/” represents that the origin is unknown

i . B 135 BRAE 1 RFRFS 5 AR AT 2 legu-

1500 bp

600 bp
500 bp
400 bp

300 bp

200 bp

100 bp

M. Fihric s E1 ~ 128 5R & T1 ~ T10. 975 R
M:DNA marker, E1-E12 ; Collections of common buckwheat,

T1-T10: Collections of tartary buckwheat
1 BRIIMESSTHRPTIEER
Fig.1 Amplification products in partial samples

of buckwheat using specified primers

2.2 EY1IBSHKELEREHR DNA F 5 EIEME
ST
Blastn 73780 44 PR HE A5 2] 25 400 bp

min-like 13S IF7jecER ALK 781 B (AY536050. 1 Fil
D87982. 1) AUAHIEE K5 100% ; 558 52 13S Fb
TR ER S 1 (023880. 1) A8 5 47 legumin-like
13S VAR 11 ( AAS48513. 1) J [K 5] 149 A b B 34
F 95% ; 515 35 ot B8 11 ( ABI32184. 1) (13S Fh 1
I Bk A 11 1 (023878 1) (13S Fh F I Bk 8 11 3
(QOXFM4. 1) FllH 3 57 47 & BR 8 11 ( AA065485. 1)
LR AR L E M 87% ~ 89% ., PRI, HE Tl 28
PCR ¥4 A 45 21 (1) Fr BEED O 57 % 138 BR1E 3L A
P, BLAk, 553 13S BRE AP 1 F B R 7 51
i )g TR s AKE Ole e ERRE L
VI TR R SRR R B 3 R A 1) AR AL
H50% ~70% ,S5HIEGIF 128 BREE 11 3L K 51 A9 AR
RN 41% ~56%
2.3 FEBSHKERERER DNA FIAB KT
BoH
DNA JFHNH BT 85 R R 44 DFREM BT
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13S BREE 3 K5 51 AH o 0 35 41 BUH9 % A 0. 3517,
FpfE) 22 HIA K, Hp T(U) & #425.3% ,C &6
H23.4% A FHEHN25.1% ,6 &5 M 26.2% A +
THENS0.4%, HHTHEIMEA+T F8EN
52.9% EE2 PP A + T & 47.3% 55 3 i A Hy
A+T FEHRS51.2% , 553 008 T & i, F1
H19.0% A Fid i, BN 32.2% , XKUY
TR A A Al ) e A P 46 T 4 L
RN 0. 764, HrP A 1,753 BEIE N 1296, i
BERAE A—G,G—A HE(E 58%), ZLEIFH
FXF (et [m] 5 [ 9y X)) 430145 3 5 514K B2 hy 387bp
MR B, bR 102 M6 AR gaps 37 s, XY
285 ML T /T, 255 B BB A 1 Eta S 503

A BAARURARL 1R 24 A4S, 28OS Ty 261 4,
HA 2945 DAL 198 A BRI AT AR {57 55 63 1
LAY b SRy 28, FE R PAAE AL ZEEPE L Hd M 0. 910;
SRR TR SR K Hy 56,909, AT TR 2 451 Pi Ny
0. 19968, FTA ik R 17 182 £ 1 0. 2701,
PRUEIR 2254 0. 0159, 2% FF A4 PN 1 14038 % 1 2 4030l
0.0887 ( F. esculentum ‘ cv’) . 0.1807 ( F. esculentum
ssp. ancestralis) 0. 1186 ( F. tataricum ‘ cv’ ) 0. 1314
(F. tataricum ssp. potanini) . 0.4139 ( F. pilus) I
0. 7877 ( F. zuogongense) , /v o1 ¥F ¢ 5 B 55 6] 15t
1RIRES R 0. 6477 AR ET 575 B AT 457 ] 35t
TRIEE S 0(3K2),

F2 ETF13S k&EBERERYFHIE T 14915 4% BE 55 F0 fhE) 195 S R BE S

Table 2 Interspecific genetic distance and interspecific net genetic distance based on buckwheat 13S globulin gene sequence
KL Material E G P T U WE WT v/
E 0. 1548 0. 0386 0. 1550 0. 1548 0. 0037 0. 1455 0. 1077
G 0. 1992 0. 0057 0.0012 0. 0000 0. 1490 0.0013 0. 1453
P 0.2899 0.2127 -0.0023 0. 0057 0.0178 —-0. 0040 0. 0469
T 0.2587 0. 0605 0. 2640 0.0012 0. 1465 —-0.0031 0. 1342
U 0. 1992 0. 0000 0.2127 0. 0605 0. 1490 0.0013 0. 1453
WE 0.1384 0. 2393 0. 3151 0.2962 0.2393 0. 1415 0. 1180
wT 0. 2556 0. 0670 0.2686 0. 1219 0. 0670 0.2975 0. 1296
VA 0. 5459 0.5392 0. 6477 0. 5874 0.5392 0. 6022 0. 5892

ETH5F G AINETSE P BEFFR T35 U BEROT AR5 WE  BFIH SR W BP0 5%, 2. e 5Tl 57 . L =M DO R R s A2 T8 =4 X D it i)
U IS
E:F. esculentum G F. gracilipes , P F. pilus,T: F. tataricum , U F. urophyllum , WE : Wild type of F. esculentum , WT: Wild type of F. tataricum,Z: F.

zuogongense. Values of interspecific net genetic distance are shown in the upper triangle , while values of interspecific genetic distance are shown in the low-

er triangle
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MR

WA 22 BRI 13S BREE 3L 1 7 91 9 A 52
/I PPIRIAS S RY 54 e AR A, DL 0-1 D7k
FIMRAE RIS Rk @ RERKE (K 2), 4
T =15 B, (K 44 AR 2 A8 8B 1
AR IR IR AT IR AT AESE BT
FE(P1 M P2) LA R Ae o BF 5+ (73 M1 Z4) 2R 11 4045
THFE BFEEE B FE(P3) U AE ST FE (21 M Z22)
ARBLE PR 21 72 T P3 SHHFEER N —2,
IMi 73 .74 ¢ P1 P2 53RN —I /R A T B35 |
B FEEA AN [ A /IR ) AHAR B FR A T
EFEE R 2 IR SRR —2,

XF 44 ASFARL 138 BREE BRI R 8 BT 25 R AL
SRR A R R BB S B R GO O iR

B LHRE AT RE R BN (E3), M
T=15F,6 FhFEE B 2 IR, 250 T 55 404%
Y5 BRI AESE B IR IR R R A 2
BE 1L AFE 22 DTHT 5 B SR AR B PR EF A= F, A 35 6l
FEGWFRIFE RGO R A # IR S P IR R &
PES Sl R EEELIE S SIS RE Il LIS
T 7 AR FE I DR 7 B0 I 22 S 45 /0 | 7R HL R 2% 06
R, R G FIRG X R,

3 e

3.1 FEBSHKEQEERNFIISH

Fe#Z 138 BRI SR 22 Fh v — 28 F B0 I3
HEH, Ead PCR P74 A Blastn 204 & B
FEAMEY 138 BREE I HIRT 9 5 C AR iE a4
legumin-like 13S R 3 741 i B ( AY536050. 1
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— WT4 | Etataricum ssp.potanini
—WT6
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WT5 | Etataricum ssp.potanini
%‘3‘ | Fzuogonpense
E } 12 Fesculentum
—EI13
—WE1 | Flesculentum ssp.ancestrdis
—E10 | Fesculentum
—E9
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I —E6
—E4
p3 | Epilus
— El | Fesculentum
W%Z‘ | Fresculentum ssp.ancestrdis
Z1 F.zuogonpense
2 | Fzuogonp
WES5 | Fesculentum ssp.ancestrdis
Lo [, [, 4
15 10 5 0

WEHE S Euclidean distance

2 FEAERET B3SHKEBEE
FOSEM S 0-1 RERRKE
Fig.2 Dendrogram of buckwheat collections based on
specific sites of 13S globulin gene sequence
using 0-1 assignment
I r Fesculentum ssp.ancestralis

[

; Fesculentum

| Fzuogongense
[

[

Fpilus
C Ftataricum ssp.ancestralis
Ftataricum

} Furophyllum
I F.gracilipes
[
[

W HEES Euclidean distance

B3 EFISHKEAEERFIIMN
FEBAESLBHNRELE
Fig.3 Dendrogram of buckwheat taxa based on

specific sites of 13S globulin gene sequence

1 D87982. 1) AYAH AL 1K F 100% |, IiE 5L A W 5%
PCR " 4R 15 5] 9 1 B Bl R 3527 13S Bk AR (3L
A, WAk A A v S DR 4 ) £ 22 S w4 Sk A

FEHL I R BURYE") . AT 5T K BE 44 A4 R
[ 13S BREE 56 H 7 91 B 28 28 A6 05, Eta A 503 4,
RANE R 24 A, BN S K 261 4, ISR
JERIE] 13S BREE AR e L R AL T T2 1)

3.2 EFI3SHKEAERFIIRFZME LK

RO

il 7~ F PR AR YY) F BRI R, RZ AR
A E AR (B E H TUR SN IR, AT
S ) DNA 2R A 1Y 22 57, 2 R | 1 st A%
ZAEIETT ] T %5 AN R ) A ] R SR SC & A
SDS-PAGE AR 3722 J& 10 4> Fl i 85 1 7 HE k47
SAHT, T HL Li % PSR R 10 ARy 3 KR,
KRBT WG TE B E SR F. esculentum var. homo-
tropicum KEFFE o DTBF SR R I A4 w55
FFVBEIE & IE BIE, B I AR P
pleioramosum | F. callianthum . 2l §§ 8 5%, 5K DL &
SELINFEE R 8 AR (ORI 7 AR/ 1
AN)33 43 B R A 2 b1 0 T G () T AT AT
B, FORLZH 57 22 B 55 /) VRLZH 5 22 Pl ) 22 Sl o, il
SRBFFRRGHGOR  wiFE S BE IR G T, B
SEU e A3 RIS TR AR S AN IR 2 B it
AL R AT 5 5 2% G O i e 5 0 o 5 ]
B2 et ik, MR FEA R, HAR
FEPH P2 ) 2 B0 DNA B8] il 22 5% , R i B3
LA 81 22 S AT R E S A )R 4 OC R AT
RRRRARAE" . ARSI i@ kXt 6 AFhL 44 N3RS
R 138 BRI AR P 93T S R R K5
B K 2 ST P 5 RIS TR A A R O — Rk,
X5 JOH.Li SN R REA -BL R Y
ARG RN E IR RO — 28 X ok DU AR
WHFEAs R —8, A, Fode/ IRl ORI g% ¢
FARF A TEARBEGE PR A A R A IR AR
SERPR A —A 03 SCHYE O, D ] 5 5 fHlFR A

TP 138 2 A PP 97 vh 3 B R 2 S A G
RS Y AR 95T v D VG e X, st L 2 AR
+aE 21 M. L. Zhou SET XU 4 SHiFE
HRIEAT RGO, 48 MAEAL GEIE 257 56 R 1 AL il
RN T S AT A AT ST SR A B Dy T S Y
WA, A3l X P e b X SR SR AR AT T
TRGRKBWIG, K A B+ 1 3845 Z AR
L EHI SR Fr ik — 2P0 oT, gt
5 S0 SSR 43 FAR eI oT K BAE AL T AR SR
BHFE BTGl 57 S/ NRFFRG TR 5 R,
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BB VORI AR5 500 M B 57 AARET S /N
I MG/ NP SR R —2, AWFSCE X 3R
13S BRER 13 R 3510 22 5 40 BT 2 300 4000 A7 M 5552 R A
TIAESFEIN 13S BRER 1 3L P 91 22 S /0N, el st A%
FEESRH O, H RN —2 Ul R A0
3.3 EFTBSHKEREAFINFEZMABMHLX
RO

BFH RGNt AR 7 M B FEE5 0, LA
SRR E R AE AR 15% o4,
BEAEAE D X E SR AT SR EST [W) TR UEAT A 5% , 45
B IFFEN EST [7] TREER NAAEW] 0 25 57 78
FHFER N 22 52400/ XA 5 22 3 ek 26 o il Pl ok
ARG =rE 27 N E T M %
Pt 8 Fh 1 ARFp 50 AN JE I, 45 5 Kk BT AR SR A R
s E 2Rt E , L M AR IR, kR,
AWFFEFIF 13S BREE I BE R 551 43 B & 00007 A= i 5+
WCAE 2R T35 S B O 0. 1807, BH B i T i 5+
[ 0. 0887 ; T A 17 3 Wi £ 7 6] 7 ¥ a8t 4% BE 25 R
0. 1314, Fl i TAREHEFEAY 0. 1186, HEI— 5 THIAY A
B T AR F B R R s L 22 = A
SN, oy — 7 TR 322 B AE 70 [ B U Ak 7
R E A DR A BRI Ak R 1 R T
BRI Rl L 22 5 FUBP AR R )3 AL 22 5/, R
AL AL SAEBR A, E R T Y bS5
PR BRI RSE ARG |12 W RIRZRE , SAb i
R E R LA SRR A AE RPN DA AR B
I S A )35 1 22 S A /I IR T Bt SR i 5 AR
Rt 22 5 . WP EISE T 00 A XA 5, IX.
BRI EAAEAET 1202238, 0] LATE Rl A rp AR A
BUEZAEE, IR EEHGRER A RIS R R 55 25
SERFHE IR R B L 22 5, 75 AfE
RS | T [ AEPER R (A A 1 7 5 S R ] 14 35k
1622 SAFUMREE , BRI BT B R R 15215 22
SRR ST B SR, TG TR R RS L 2
SIS, DT A5 F AR A5 R i b [ i A4 A0 S 5 0
TR R s A AR S i 2 el
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