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Characterization of SNP Associated with mybA Transcription
Factor in Chinese Wild Grapes
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Abstract: The transcription factor corresponding to the mybA that regulates anthocyanin biosynthesis was cloned
and analyzed on a sample of 14 Chinese wild grapes species. Two complete mybA-related gene sequences, VomybAl
and VImybA2 were obtained, and a total of 121 SNPs were detected in the sequenced fragments which give a high lev-
el of polymorphism. Three neutrality tests had been used to compare the patterns of sequence variations, the result in-
dicates a non departure from neutrality expectations for gene VwmybAl and VImybA2 of Chinese wild grape which
reflected equilibrium between genetic drift and selectively neutral mutation. The mybA gene acquired form different
wild accessions represented a highly homology. Yet extensive base deletion, insertion and substitution existed in pro-
motor region, intron region and the third coding exon, which exhibited rich genetic diversity between species of Chi-
nese wild grapes. Furthermore, there were several unique bases or mutations in the mybA gene of wild grapes that
might be selected to be the molecular marker to distinguish themselves from others well. Comparing and analysising
the gene structure and phylogenetic tree of the gene sequence, the studied Chinese wild grape species were divided
into five groups. Moreover, V. betulifolia and V. hancockii were initially predicted to be primitive in the evolution.
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Table 1 Experimental samples and association attributes

IR 2 A M A R A, 7R TR E R A R TR R T e
FIERE T BERRH — SO B Rk El b R BN T A
72 G T A S NI ™l , DARTET X
] M A A R 2 G R MG 2R R
A ket diisE AYE S e LR
— R34 FArid B AR, n 1SSR™ | SSRPP L K
RAPD" ™ ® SE LU VR | 58 SHUEE 1oy A5 A, R 7 HL
RAG G 3 R4 T B, WA, 1T IR 2 84k
( SNP) ZERIE AP 2 LA AE GEAE Y AR 5 R AN
2 SEAHY Y EU AR (R X H [ M A ) 28 1) A
gD ARBEIE R EE XA AL AT A R R
[ AR S DR F mybA FE R UEAT SR , F)FH SNP
OB HARTTEAN R A v [ B A T 257 14 A B G %
R EZ N EAYYN P ST R e

1 MRS

1.1 RgE##

o [ B A A A ADRER IR T b RO B2 B AR M
SRAREIT 5T T 1] S SRR e o 405 P 87 T, 3 14 (b o
(F 1), KA B B H W& b 22, O] 77
T -80 CHRMUT#HH.

G 4 aFP(BRR)  RREIE WRIERL || S T4 A (HRER)  REEO TEIZEE
Code Species Cultivar( Clones) Skin color Sex type || Code Species Cultivar( Clones) Skin color  Sex type
1 B ik 22 0945 = Q B LB ?
V. hancockii V. heyneana
2 FRM-AHE JLHLE F ? o4 Jk i IR EI S — s
V. heyneana subsp. ficifolia V. reticulata
3 R 2 A% 940 ? 10 Sk GENER — 3
V. davidii V. romaneti
4 BB EZ2- Ly i ? 11 J A R % -1 ?
V. bryoniaefolia V. adenoclada
5 R Tr B A "= Q 12 T 4 ki 0043 — 8
V. pseudureticulata V. flexuosa
6 =R PR — G 13 S K SET 1104 — 3
V. yunnanensis V. bellula
7 AR I 2 RFAEM — 8 14 HER- 2% At — s
V. piasezkii V. betulifolia

1.2 DNA 12EFIRE4N

R FHMCRL A CTAB 3 7 S B0 - 3L [ 41 DNA,
FH 1% B G FL PRSI DNA Ji o, SR FH A R 2R
F I 22 1 ( Eppendorf ) Kl B2 5 #6 B 22 40 ng/plL,
-80 CUKFHMRAER . T BRI 229 3 i 1o
RS 1 58k B-UE 2 1 (B-tubulin, TUB ) Xt
DNA # i PCR 5247 i1k, HVK &S5 R BoR i3
AT M, R PR IUS FRRERY DNA 203 Ak 4 #7005

J& PCR [V R,
1.3 FEFEEE mybA EETE

IR B Y VomybAl J751 ( GeneBank % 55
AB242302) , 435l M 31 DX SR T i XK 3 ) 1)
Bt RS 1Y, 588 VomybAT KL FiES 140 K
PF (5'-GGACGTTAAAAAATGGTTGCACGTG-3'), F
W51 %) M (5'- CACACAAGTAAATCATTTGATCT-
GA-3") ,51¥¥ BilgA T4 .
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PCR JZ N 1A % &7 20 pL: 10 x Buffer 2.0 pL,  FIHMFH, 5 GenBank C4R3CH VomybAl 3
2.5 mmol/L dNTPs 1. 6 wL,25 mmol/L it Mg** 1.2 uL, R X B AT 2 . R MEGA 5. 05 34 %k A
DNA #5i#z 2.0 pL,ExTaq B (5 U/pL)0. 1 pL, EFHE [RIAOBHR) mybA SRR B AE A A 50 e X, FH
5147(10 mmol/L) 4% 1.0 pL, XMZ&/K11. 1 pL, PCR 2 SNiPlay 7E4E T H. ( htp://sniplay. cirad. fr/) "' X}
NS94 CHIAEN: 3 min; AR5 94 CAEME30 5,61 € %1 SNP HBE A 40 R | 58 A48 7 15 DA K £ A Mtk 47 4%
Bk 30 5,72 CHEM 90 s, 3 34 AMEH; I J5 72 CHE - . BASERIZHERE (Hd) B RRZAEEE (Pi) DL
110 min,4 CHR, PGP H GoldViewTM #:fig M > R A DnaSP 5. 0 417047,
PeRHLAS 1. 5% SR EE RS 1 HLTK 30 ~ 50 min, 5
I (R S, B g A 2 e ST
pMDI18-T #8fA 16 C 3 h 5k B A DHSa /&2 2.1 FAREME mybA EREF =4 i ik 5 4
SHfErh ERTES A N E SR N LB Bk LER LS PF AT VemybAl HYEEH RS 3 7 X
12 ~16 h, PEECABER RIS L, P67 8 h IS EATHIIR B, TSI M AL T VomybAT 9 3E 28 1F 7 K i,
PCR Kz K piivi% 2 B AR TR M3 sS4 R PE/M 5199 38 A [ Fh S A4 BE mybA 13 Rl 4

XL A VR D 3 YR AR50 E Aff K, HIKGE AR AN FFP A R3S R BeR/NR
1.4 mybA EEFFIHH A, F/INFE 1200 ~ 1500 bp =[], 33 15 B AN [6] #f 5 #4
DF 25 9 A DNAMAN 4. 0 AW sifr9f 8 BTG I 0G mybA SERFEAERI LT AN 25 57
M 1 2 3 4 5 6 7 8 9 10 11 12 13 14
2000 bp =—
1000 bp
750 bp =~—

M ;DL2000 ; 507X 1 % 1 IR KBRS Figures correspond with the code of Table 1
E1 AE#HF mybA EEH PCR F=4)
Fig.1 PCR product of mybA gene from different samples

2.2 ARE#HH mybA EEF3 5 Exon3
Wy prds 14 D FEH P8 45 GeneBank , % 5% VvmybAl 155 127 4461

Promoter

o
PF M

VvmybA2

5ok KC342651 ~KC342664, NCBI R4 T iR |, 4%
A MEN A SRR A 2 Rk R 2 R
I BRI IR A AN S SR R RSN Vemy-

bAL, 2 AT S U AR RS A oyt A & A ©

BEH I VImybA2 , VimybA2 S5k Y B 7R B IR BOFARBIT IR 5 ARV IR 3 R 7 51 1 B
y . : FE9 R SNP AR 3k (8 31 B

%E'jﬁ%%u ’ Eﬁﬁq%iéﬁ%ﬁmﬁt%ﬁﬁﬁ%@ﬁ% Figures stand for the Siz;j;f :quue:’,e. The sam;,L colored

& /fjt iﬁj‘ E/‘J Ijj AH»E[ZQJ o VlmybA2 ( GeneBank % E:KL % box indicates the same gene fragment. Single nucleotide

ABO73013) \vaybAl ( GeneBank 7_@%3:&"% AB242302) %H polymorphisms within sequence are not shown.

vayb AZ( GeneBank %%% DQ886419 ) ;F[J FH MEGA [t The arrows indicate locus of primers

XL (12) 79125 EEAER 3 50 2 s BE LS

BEX VimybA2 5 VomybAI MIH. 7255 3 A4 5 T Fig.2 Comparison of mybA gene structure

XZH 1 4B M CREEXE, KK 171 bp,  2.2.1  VemybAl 0 VimybA2 ¥ 5| SNP $5{E5 47
VomybA2 55 VomybAl ML, 7255 3 MM BTFIXZH 1 AR IR MR A S O AN A b A R SO A
AN A FIB S XHR, A/ 282 bp, FRZEHRE R BT VemybAl KEEAE 1266 ~ 1422 bp Z[H], 745
R REF B R B B R R 1 R T Vemy- BIMEFEE ST 2 AN E T3 MR TENT
bAI F1 VimybA2 JE-r A B 519 PE/M 4167585 (B FERASRKFES, SILKN T 84 4> SNP fi s, Hrh
ST VomybAT F VimybA2 JER 22 AR K ey B8l XK 36 A & 1 XK 12 A4~ b 1 X
H4 L VomybAl FEF BIBPRA T2H A 97841 VimybA2 36 1> FESNET SNP 25 7 29 Ab fis(FE 58 A2 (1%
FENAPRIA T4 B, Bt e 2047, IR IR A TR (R 2)
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Table 2 Characteristics of detected SNP in VvmybAl

SNP HiZe  ZECHENEER DREFAEER QAR

P RAE o o . R wmWT AR ) 578
(%) Majority Minority Position on
Code  Variation Position in codon ~ Codon Amino acid  Synonymous
SNP frequency allele allele chromosome

1 [A/G] 22.2 A G 14240778 2 aAg/aGg K/R NO
2 [T/C] 22.2 T C 14240766 2 aTe/aCe T NO
3 [C/G] 22.2 G C 14240729 3 gaG/gaC E/D NO
4 [A/C] 11.1 A C 14240728 1 Aaa/Caa K/Q NO
5 [A/T] 11. 1 A T 14240593 1 Aat/Tat N/Y NO
6 [T/C] 11.1 C T 14240558 3 ctC/ctT L/L YES
7 [A/G] 22.2 G A 14240529 2 gGa/gAa G/E NO
8 [T/C] 11.1 T C 14240338 2 aTt/aCt T NO
9 [A/C] 11.1 A C 14240318 1 Agg/Cgg R/R YES
10 [T/C] 11.1 T C 14240291 1 Tgg/Ceg W/R NO
11 [A/G] 22.2 A G 14240285 1 Agt/Ggt S/G NO
12 [C/G] 44.4 C G 14240274 3 tC/uG F/L NO
13 [A/G] 22.2 A G 14240267 1 Gag/Aag E/K NO
14 [C/G] 11.1 G C 14240259 3 caG/caC Q/H NO
15 [T/C] 11.1 T C 14240220 3 tcT/tcC S/S YES
16 [T/G] 22.2 G T 14240166 3 agG/agT R/S NO
17 [T/C] 11.1 T C 14240165 1 Tt/ Ctt F/L NO
18 [T/C] 22.2 T C 14240143 2 ¢Te/oCg V/A NO
19 [A/C] 22.2 A C 14240121 3 gtC/gtA /v YES
20 [A/G] 11.1 A G 14240108 1 Aag/Gag K/E NO
21 [A/G] 11.1 A G 14240100 3 teA/teG S/S YES
22 [T/C/G] 11.1 C G 14240079 3 aal/aaC N/N NO
23 [T/C] 11.1 C T 14240055 3 agC/agT S/S YES
24 [T/C] 11.1 C T 14240047 2 gCt/gTt A/V NO
25 [A/G] 1.1 G A 14240009 1 Get/Act A/T NO
26 [A/G] 22.2 G A 14239997 1 Atg/Gig M/V NO
27 [A/T] 22.2 T A 14239979 1 Agg/Tgg R/W NO
28 [A/G] 11. 1 A G 14239961 1 Aca/Gcea T/A NO
29 [A/C] 22.2 C A 14239954 2 aAa/aCa K/T NO
30 [A/G] 22.2 G A 14239931 1 Att/Gtt v NO
31 [A/T] 22.2 A T 14239929 3 atT/atA /1 YES
32 [A/G] 11.1 A G 14239914 3 ggA/geG G/G YES
33 [T/C] 11.1 T C 14239880 1 Tgg/Ceg W/R NO
34 [A/T] 44.4 T A 14239874 1 Aca/Tca T/S NO
35 [1T/C] 44.4 T C 14239873 2 aCa/aTa T/1 NO
36 [A/T] 44.4 T A 14239872 3 acA/acT T/T YES

T RA %S N AR PR EIE Viny-  SNP S Hd B ai FIX 6 > N & F X5 12
bA2 B K EETE 1471 ~ 1484 bp Z [0, MFss A SR X 19 4>, fESM 8 7 SNP 4 F
REEEANEAFKREITF 2 AN ETM3A 1 MR SHERERITFINNA(£3),
SR FIENBIER &K FH, SR 37 4

R3 VimybA2 EEFF 5] SNP 51
Table 3 Characteristics of detected SNP in VimybA2

T P BT T 17 S 1 e S PO
Code  Variation (%) Majority allele  Minority allele Position on Position in codon ~ Codon ~ Amino acid Synonymous
SNP frequency chromosome

1 [A/G] 20.0 G A 14180707 2 Gt/ gAt G/D NO

2 [A/G] 20.0 A G 14180659 2 aAa/aGa K/R NO

3 [T/C] 20.0 C T 14180628 3 ccC/ccT P/P NO

4 [T/C] 20.0 T C 14180262 3 2T/ geC G/G YES

5 [T/C] 20.0 T C 14180223 3 taT/taC Y/Y YES

6 [T/C] 20.0 T C 14180214 3 2T/ ggC G/G YES

7 [A/G] 40.0 A G 14180171 1 Aaa/Gaa K/E NO
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Code  Variation (%) Majority allele ~ Minority allele Position on Position in codon ~ Codon ~ Amino acid Synonymous
SNP frequency chromosome
8 [A/G] 20.0 A G 14180161 2 cAa/cGa Q/R NO
[C/G] 20.0 C G 14180112 3 tcC/teG S/S YES
10 [A/G] 40.0 G A 14180098 2 aGg/aAg R/K NO
11 [A/C] 20.0 A C 14180086 2 aAa/aCa K/T NO
12 [A/G] 20.0 A G 14180016 3 caA/caG Q/Q YES
13 [T/G] 20.0 G T 14180013 3 ceG/ccT P/P YES
14 [T/C] 20.0 T C 14180010 3 aaT/aaC N/N YES
15 [A/G] 20.0 A G 14180000 1 Ata/Gta v NO
16 [A/G] 20.0 G A 14179941 3 teG/tcA S/S YES
17 [C/G] 40.0 G C 14179929 3 gaG/gaC E/D NO
18 [A/G] 20.0 A G 14179928 1 Atg/Gig M/V NO
19 [A/T] 20.0 A T 14179910 1 Teg/ Agg W/R NO

2.2.2 EEREE SRS HT A0

M AhREE AL ZRENE (R SRR ) R E S M
JEAL AT TR Z AL (Pi) FIERAE B ZAEE (Hd ) , PifH
x4 HEAERHNERZSHE
Table 4 Genetic diversity for the studied samples

FHA {E#K FhRE SRR R 3 B | A% 2Rl
MR KAl A F4 B YR F 3R H DnaSP 5. 0
A Pi(EAN Hd {8, 45 R0 4 FiR .

VomybAl

VimybA2

NPS  NH Pi Hd

NPS  NH Pi Hd

HA 68 9 0.01743( +0.02018) 0.00274( +0.052)

HB 35 5

0.01006 = (0.01142) 0.016 = (0. 126)

NPS: 2350 58 s NH : B BB ; Pi - B RR 2 s H - SRR T S HE R
NPS ; Number of polymorphic sites, NH : Number of haplotypes, Pi: Nucleotide genetic diversity, Hd; Haplotype genetic diversity

FIH DnaSP 5.0 8, i 3 b P A6z 0 J7
7 (Tajima’s D, Fuand Li's D" ,Fuand Li's F ") ,
PR A SR IE BN PR BEXT VomybAT F1 VimybA2
SEEAL S A S, S5 R WoR R DAE S 1 5
AR RV b [ B AR R A 4 VomybAT FI

x5 HIXHES VomybAl F1 VimybA2 B & iE#a

VimybA2 3R A i 25 P AR 7R | R e o 3 PR 72
S 01 5 v P 28 A8 22 8] A S A7 DA 4 00 446 3
{14 B A= ) 2] PP J5T 9 R AR A A ) 25 B0 1) O B B
WIN A 2 DR EED 5K 50, BF R /DR e A X
FRE(£S),

Table 5 Neutrality tests for the genes VvmybAl and VimybA2 based on the studied samples

VomybAl VimybA2
Tajima’s D Fuand Li's D* Fu and Li's F* Tajima’s D Fuand Li's D" Fu and Li's F*
24 A -0.69919 -0.57570 -0.68043 1 B -0.89303 -0.89303 —-0. 96408
(NS,P>0.10) (NS,P>0.10) (NS,P>0.10) (NS,P>0.10) (NS,P>0.10) (NS,P>0.10)

2.2.3 EELHMRSEHLE S

15 B B mybA JF 5 5 2B L VomybAl
( GeneBank 3¢5 AB242302 ) H: K BEAT HEALA 43 Hr
FISLFE 250 et (B 3) , 14 A E B A R T 443
AB.C.DFIES A, FEHLEM N6 Fl, A HAyHE
P45 H B AES 3 AN A F XIAFAAE 171 bp 19
AL ISR VimybA2 JEH, Horh = B 49 7046 1
A F IXIBAELE 10 bp AUBS, B.C.D FIE 4Fp
JRA RS R 51 2 VomybAl DR | JE K 25 ¥ i

EREFIET IR 8 F XU AAAE 43 bp A1 111 bp 1)
AL ok, WK A AR A RS 2 NS TIX
SRR EAEAE 22 bp AUBRG, SELEXT VomybAl %
PRIAE EEHEAARE 40 BT, 235 5 0 7 BB LU VomybAT BRI
5 v ] B A M A 2 | AR R AT Y VomybAT R IR
RAR I HAES 3 F X I8ER AT 23 bp 19 bp Fl
111 bp WA, R LR JE LR (0 SE R A, B
T e R Fof A 2 il 2 0 A R 2 — 0 X sl e D
I 28 8 I 2 S AR X S A v R A R
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stands for the region of three exons, i stands for base deletion , - 23bp, “ 19bp, o 111 bp, - bp,

The same colored box indicates the same gene fragment.Single nucleotide polymorphisms within sequence are not shown
3 ANEFRAE mybA EE AT REHNR S

Fig. 3 Phylogenetic tree and gene struction of mybA gene form difernent samples

2.3 AE#BHFIER 5170 SNP FRi2 iF 1%

I ¥4 H X AT SNP 43 AT, 45 5 B, R ) B
HEFR AL BHAE mybA K& IR 25 K b A7 AE AR 5 A4 A
PE, 5RO Fl o 2 AR L, A AR R R A 2 e
VomybAl 1 VimybA2 BRI TE G 3+ X N & F X LA
B 3 AN XA A AN [ B A A Bl 2 3 A
RV, R 5 08t 2k . AN B A o
(1) VomybAl F VimybA2 FEPRIAFAE— LR A T3 41 5 5
AR 3K BER I 41 22 5 0] LAAR G ok 5B Al R
X 3T . F A RS 3 NN T IXH GAC I
AN = EETES 1 DN EF XA ACTTTGTCTG 1Y
BRI i 4 X KA A AR5 2 SN AR AE 22 bp
AR T AN ) 1 2 i 3 46 7 )3 8l 1 X AR 21 bp
RIBRIS  ZE M A FE S | A& T XA CATG BB
e, HABR T RE mybA BN F 51 B AR B Bk
AR A (BAFAERR SEvE SNP 37 5, W sk 2 M3k 3
s SEARARTE 11. 1% F1 20. 0% Y738 S0 5,48 7] LA
1 SNP AR I ES %

3 iTig

AR TE VomybAT FEPH L4 5] 84 4~ SNP
B 5., SFH4%F 17 bp 27 1 4> SNP, VimybA2 Fe[H 3
Rl Hy 37 A4~ SNP A i, P35 43 bp fA7E 1 A
SNP, D. Lijavetzky 45" i 2 o [ A7 o P 97 4 745 22
Feiaill e 7, B 64 bp AF7E 1 /1> SNP 37 £, 17 R.
Velasco 2513 17 5% 2 I 2 LY b R 40 45 100 bp s
1A~ SNP 57 1, 3% B R v ) B A4 7 4 4 K8
Shy e SR U ) ol P 4 B A ol A L PR 4
A2 SNP 7 &, U LA A s b B, 57
RIZRAE I T K FE K WL R A2 RN 55 [ 28 ALY

N B SR ) SNP A5

K E ) SNP A7 57,36 4~ (K2 42% ) 1 4E
T VomybAl #ifihX 19 > (K2 51% ) FEAET Vimy-
bA2 HuhIX , LIAERAF5E R, JE4m b X SNP {3/ 51
WA G B2 22 T g f XY SR AT SE R ST 45 R 22 M
JPY ARG SR, SNP S A5 7 2 A X AL G 5 X
Z AN A LR 25 53 01 AN B 35 3k a4 2 R A
B AE AV A AR AL RE R L R A AR B A P
ZAE 5 3 ST WO DA 4G i N T e B JC v %
B AR AN [m] it Ao ] 1) BE PR D e X P B ARG AR AE . E
Gt X G AR i, 71% Y2785 T &R )7 5]
(AR Ak, | B 2 LB A VimybA2 FE DR 7E i B X AFAE 3
B GAC WA, S8 — DI 2 FE R A
i B IBFTE IR mybA TP 1) — BB 15 5875 25 5
HIjgeFIk, BT A4 VomybAl J7 8l 7 X 3R
B SEREIE T Gertl BIHEA) LA VomybA2 4% IX
BREAYZEAE O A T A T EE P R A A
A RS BB SR R A G AR RO AR A
JE FIRIR IS BN, VomybAl F1 VimybA2 S h XA
FEVFZARTR] SR | {H 23X 6 5 A8 - WA 52 M 51 B
AT AR SR, S/ e E R A
I BA 5 B 5% T B D Re , sl 6 T &
IR A T 2 AR TR

D. Lijavetzky %B”Eﬁ%ﬂﬁ?, DRIV o 7 255 6 (A 2.
WA mR Z #EBE Pi {2} 0. 0051, L. Riahi £33 27 %8
JEIUT DX A b RN RO PP mybA P AR P (H
7£0. 001 ~0. 009 Z[H], ARy v = 5 A 4 45 1 bt
BN, VomybAT HEPA Pi {54 0.01743 ( +0.02018) ,
VomybA2 F:[H Pi {H A 0. 01006 + (0.01142) , F{EHH .
RTLAERYBFFEHE o 33X 100 BH e S ke 1) vl ] B 2
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HIAITE ARSI R 2P R BE 2 18 S R
e s S 2R

AWFFRSAFHTINZ R PE/M 5199 35 FE R
PESIHE R VomybAT (79N B0 (B IR AE 2 # 4
MR BB AR AT B A 5 R A AL
Hrp P38 45 B — Y VimybA2 FE A, VimybA2
B RAERRSE A LI T R ARG T VimybA2
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