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Single Nucleotide Polymorphism of Wx Gene Associated with
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Abstract: [Objective] Waxy gene (Wx in short) is a key gene responsible for the barley amylose synthesis. The objective of
the present study was to detect single nucleotide polymorphisms (SNP) of WX and determine the relationship between SNP and
amylose content of seed in barley. [ Method] After PCR amplification and gene clone, 30 Chinese normal and waxy barley cultivars,
which had high, medium and low amylose content respectively, were sequenced and polymorphism was analyzed for waxy gene with
2 Canadian waxy barley as controls. [Result] By polymorphism identification of waxy gene nucleotide sequences for the 32 barley
cultivars, 169 polymorphism sites were identified, which included 143 SNP and 26 InDel with frequencies of 1/310 and 1/196,
respectively. It was found that the introns 1,3,5,8, exons 2,5 and 5’-UTR, 3’-UTR were the rich nucleotide variation regions. Exon 2
and intron 1 suffered stronger selection pressure. Four haplotypes were identified from 32 plant materials. Among them, haplotype 1
included all low amylose content accessions. [Conclusion] The results of research showed that there is a clear correlation between
SNPs in waxy gene and amylose content in barley.
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Table 1 Barley accessions for detecting Wx gene polymorphism
G AP AL R HEEER Jii by BIR 3
Accession Cultivar Amylose content Origin Hulled/Naked Row type
number (%)
ZDMO00063  fRyE# 1K Baodinggoumangdamai 18.61 AL f#E Baoding,Hebei #f Naked 6
ZDMO00110 ¥} K3 Meipidamai 23.56 77 Gaoping,Shanxi # Naked 6
ZDMO00155  KHi K% Changlidamai 16.44 tiPEBA T Yangqu,Shanxi J% Hulled 6
ZDMO00208  KZ 2 '3 Damai2 17.96 1l %4#8% Taian,Shandong S Hulled 6
ZDMO00418 TBH = 3% Ningyangsanyuehuang 23.65 117 7PH Ningyang,Shandong #R Naked 6
ZDMO00454 %K% Bendamai 13.09 I} ® Jiaonan,Shandong # Naked 6
ZDMO00467  KILKZ Huigongdamai 11.90 IIZRE® Jiaonan,Shandong #R Naked 6
ZDM00500 kK% Midamai 15.24 I} ® Jiaonan,Shandong # Naked 6
ZDMO00512  J¥ K% Pidamai 36.00 R E B Yiyang,Henan J% Hulled 6
ZDMO00524 7% Changmang 33.67 VG R Lingbao,Henan J Hulled 6
ZDMO00576 K# Damai 37.84 M 4 Nanzhao,Henan J Hulled 6
ZDMO00604 K7 Mangdamai 33.07 JFEARH Biyang,Henan J Hulled 6
ZDMO00652 [1°K# Baidamai 33.83 VIS Fengqiu,Henan S Hulled 6
ZDMO00690 K7 Mangdamai 26.26 R EE Luyi,Henan S Hulled 6
ZDM00693 K7 Mangdamai 8.53 T, Xiangcheng,Henan S Hulled 6
ZDMO1130  #&{~ K3 Lourendamai 12.83 BepGf]BH Xunyang,Shaanxi #R Naked 6
ZDMO01874 € K7 Handamai 13.48 YLJ5HfET* Suining,Jiangsu J% Hulled 6
ZDM02008 WK Fumangdamai 22.80 YLINE Y Yixing,Jiangsu J% Hulled 6
ZDMO02866 %4 i K# Pananhongjindamai 21.94 WHTZ P Dongyang,Zhejiang S Hulled 6
ZDM03338 TCTE#E Wumangluomai 24.44 WHLHE7K Lishui,Zhejiang #1 Naked 6
ZDMO05845 M B Baigingke 27.97 TUj 51 Gongga, Tibet # Naked 6
ZDM06712 BT E Goumanggingke 24.88 VU HHAS  Qusong, Tibet #R Naked 6
ZDMO07715  FRFH#E Mayanghuang 24.68 TR L Ali, Tibet #f Naked 6
ZDMO08677  4E¥FKKFE Juyemidamai 9.70 IIZR Shandong # Naked 6
ZDM09028 = A% K# Sanyuehuangdamai 9.81 ST MiisR Shibing,Guizhou #R Naked 6
ZDM09036  #i¥ K7 Xinchangdamai 24.27 St M H YT Taijiang,Guizhou #R Naked 6
ZDM09098  FIEJ#R K Duangouluodamai 13.17 ZMFEY) Luquan,Yunnan #R Naked 2
ZDM09113 HET KF Guangmanghuangdamai 9.97 ZMFEY) Luquan,Yunnan #1 Naked 2
ZDM09167 IR Wenquangingke 16.84 2B THR Ninglang, Yunnan # Naked 6
ZDM09222 % 24 Jian24 8.59 Jt5t Beijing # Naked 6
CDC Alamo 0 %K Canada B Naked 2
CDC Candle 4 %K Canada # Naked 2

W, s5FWAER 1. LM 32 P EHE LR
HE GG R 2. 25 0RW, Fragasm 32 4k
M EF EM SRR, ek anERN 2 M
¥} CDC Alamo #! CDC Candle /) B AEE K & 520 5N
0 Fl 4%, S5k BIERI% 24, D FDETIROR

Aoy S = BOREE . RIS R ORZ2 o VAT R I
BT RZEAE 5 RN ELEVE R S IR T 10%,
HE 25 A RHN ERETCA & BT 10%, i
VP IS U N RN PN - F G NS R v e ey
37.84%.
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Table 2 The primers for WX gene sequence

5114 F5 Primer 514F51(5'—3") Primer sequence

P X% Amplified region (bp) PCR J Bt K/ Amplified length (bp)

GBSSI1 F:CGCAGAAACGAACAAACAGA
R:TTCAGTCAGGTTTTGTCGACTTT
GBSSI2 F:CCGGACAAAACCGTGTACTT
R:GATCGATCGACGACGAGAAT
GBSSI3 F:CCTTGGCGATGTCCTCGGC
R:GTTGTGGATGCAGAAGGCCACC
GBSSI4 F:AGGACGCCTGGGACACCAGC
R:CGCAAAGTCGTCGAAGGAGAAG
GBSSIS F:ACGACTGGCACACGGGCCTTC
R:TCACTCAATCATCCATCCATCC
GBSSI6 F:GGCCAAGGCGCTGAACAAG

R:GAGGCAAGCGGCACAACAAAAC

543—1500 958
1434—2291 857
2046—2943 897
2701—3586 885
3338—4525 1188
4268—5126 859

a: */%g[é, b: ﬁé
a: Brownish red; b: Blueness black

1 KREAPRETIE |.-KI REXER
Fig. 1 The kernel transverse section of barley with I,-KI

staining

2.2 WxFHER

PL X07931 R xf e, KA Wx 42Kk 5153 bp, U
12 AMNE T Cexon) 11 ADMNE T Gintron) K 5
A3 ARG X (B 3) . 990—1 548 bp, 1 908—
1996 bp, 20782 161 bp, 2261—2386bp, 2 541—

1

W K2 1E Absorbance units (A)
2

0.40F

10000 9000 8000 7000 6000 5000 4000

4 Wave number (cm!)

12000 11000

B2 32 3 HREELISN i iR E

Fig.2 Raw spectra of 32 accessions

2676 bp, 2778—2 883 bp, 3238—3329 bp, 3 510—
3603 bp, 3 796—3 877 bp, 3 965—4 061 bp, 4 191—

‘-‘ 5153

JLAAIDNA 5 e e e e e e e s e e i e—

GenomeDNA

1

1812

cDNA 5 I

= 451 Intron

M ST Exon

ARG T3 21 (4 4400 bp K1F50 BT F51 X07931 (¥ 601—5001 bp, B InDel [RIAELE, SR KA AR B AN Sk W] 7R3 43 AR 8 e

sl

The 4400 bp sequence, which is of different length owing to the existed InDel, corresponds to the 601 to 5001 bp in X07931. The sequence between the two

arrows shown in the figure is the sequence determined from this study

3 KE WEHTER

Fig. 3 Schematic representation of barley WX gene
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4 266 bp NIZFEEIMIN & T X B 989 bp L 4T
H, 1549—1907 bp, 1997—2 077 bp, 2 162—2 260
bp, 2 387—2 540 bp, 2 677—2 777 bp, 2 884—3 237bp,
3330—3 509 bp, 3 604—3 795 bp, 3 878—3 964 bp,
4 062—4 190 bp, 4 267—4 380 bp & iZFEH 48T
X1, M 1590 bp 14l cDNA 4ifid, %14 383 bp &
2% 1k, cDNA X B4 4 1812 bp. 764—769 bp
ZIEN Y TATA & IX 3.
2.3 IxFIEEMH

ARG LL X07931 Jpxf i, salE Ti%IEH 601—
5001 bp [A]f¥] 4 400 bp HIESF 51 % 32 A HEilA KL
AT R Z B T8 R W3 3. 72801 32 MEAT )Y
G, SRR T 169 AN ZAMEAL T, FIIEE 26 bp
R R — > 2 AP . TR 2 1 2 A A S5 A
5 143 /> SNP F1 26 4™ InDel, - [FI5Z 5 51 4 1/310
17169, Fd 25 4~ SNP ok [ 4ufiBx, 118 K HE
Gl X, FRtEIX FIAEGRILIX SNP (1) HYBLATR 73 53 0
1/75 F11/22, AEgah3X SNP AR SEA5R 2 4 il X 1)
3.4 . TEFTRIIN KK 143 4~ SNP th, 4 56 A4

x3 IFINETMERH

Table 3 Polymorphism of Wx sequence in 32 barley accessions

(transition) 1 86 NEHt (transversion) , FEHuR1HIN
LA 0.65. {ERILI 26 /> InDel H', 14K H
Gahdx, 25 Ak AHEHMSIX, wbd X FIHEGR i 1X 11
InDel HEUARZ 235004 1/1 812 F111/103, -4 A% X InDel
AR ALY N i X 0 17.6 1% o 70 A X AAL H B
14> InDel, RAETEH 2 AMMET, JER/N 15bp [
N B AN BUILAE 25 ARSI R, e
FoR 7 AR PR BRI S, X 7 PR ek A
B VY I #5 4 K2 (ZDMO1130) VL5 1 98 K&

(ZDMO01874)  WWARMIHEE KR KZE (ZDMO8677) -
“HEMIETE R E (ZDM09113) « bt % 24

(ZDM09222) F1 2 3 H4ME# L CDC Alamo. CDC
Candle. HE— KL, AN B 7 ikt
kL, HEEE R & R SRIBRECL AC. HULHENT,
XA BT RES Wx [RIAF 6, HEim s m H 4k
TER A e ) SRR AT IR 22 25 PR R (458 PR 5%
A, AR DB LA IRIE i A RIS K, Wi InDel
VA SNP, JUITE Wx BEA 73T X S5k P B A% 7 R AL e A
EH 126,

KN Size (bp)

AT AR 540 H (4Y) No.of allele mutation

#%E Comments

HE4ihi3 X Nocoding region 2588
SNP
InDel
AT Total

4ihid X Coding region 1812
SNP
InDel
BT Total

A3 HTIX. Complete region 4400
SNP
Transitions/Transversion ratio
InDel

Rt Total

118 1 /> SNP/22 bp

25 1 /> InDel/103 bp

143 1 4~ polymorphic/18 bp

25 1 /> SNP/75 bp

1 1 /> InDel/1812 bp

26 1 /> polymorphic/72 bp

143 1/~ SNP/31 bp
0.65

26 1/ InDel/169 bp

169 1 4~ polymorphic/26 bp

2.4 IxFIEEMMEIH

FE 4 2 AR PERE SO DUZ IR 2 A1k o (BN
MATIRZ &M 0 (TR, n (& & R —0r A
)7 5 PR PR 2 TR ) 22 5 0 — AN S B s, 1 0 e —
MR BRI SHER, SRR NP
P RCER LA OG0 ABFF00 32 A RHT W J7 41 i3k

1T Z ARG IHT i B Wix (87 91 2 A I A TR 4%
D SIARI S G (K 4, B3

HIP 4 FilE s aTLLE Y, o A 6 (E AR a9
HA EEN 8 M TARKENA nES 6 [HZE
FEHRLRLH] G, AEREAN I DX BLRTRT 1800 bp X BLA
nAEF O IR, n E7E 0.09—0.26 X [A]48 4k, 1fi 6
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Fig. 4 The sequence diversity of WX (7)
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Fig. 5 The sequence diversity of Wx (0)

HAE 0.126—0.196 2 [A]284k; 7E 1 800—2 900 bp X Bt
m {EFN 0 (EIIEAR, = {E{E 0.000—0.042 2 [&], 0 {H1E
0.000—0.029 Z [A]424k; 7EJi5 2 600 bp X B, = {H7E
0.042—0.061, 1M 6 {H7E 0.089—0.188 Z [A]4Z ..

M Z 2PN, SR AR, RN
F 1. 3. 5. 81X, 4hE¥ 2. 5 A 5-UTR J 3'-UTR
XA E X, Hon EHEE 0.04, HAPHET
1. 2 BIREHFR 2 FEE o {HE I 0.06, 0 {EEE IS 0.05,
S A E 7 X B2 TR 2 AP UG A7
9. 10, 11, 12 XBZHRZANE o HIKT 0.03, 6
MR T 0.029, L2 9 4M B 1 XL IR 2 I i
%, 2 NMEWEIA 00 WAITIEE KT, ifidX (1)
LR SR /N T AR GRS IX (1 oA SRR WX (1) 2
B S AT e 5 %% X BT AR 2 I
O, ARGRAS X AR AZ (1 1B s AR LN, BRI AR S
I, M gmhS X g A ARV IR R B, ARz
LR IR, P R R R IR R AR 5+

A FINAIRAR o
2.5 WxmABX B ASMED

X W Gfish DX A% T 1 22 A PR REAT (R I 25 S 2
4, FEANYDIX AT 26 MIRSEAL R E T AR, 2
RAAEANE T 2. 5. 8 K110 N, 1 LAEARFRR KRy
AIRFEAR A, BN BRI 1 K A AR AR ECA A
HMNET 2 2B MERIEAL R 2, T 184y, Hrp
1 25 IIAPRHAAE S 1654 BRFEAAT —A 15 bp HIHEA
FFA, TAE e BRI s ) AL R Ak, Ay
10 AR, 7 AN BRIEETR, 7 AN R [F LRAE,
10 AN AR XSAR s AR 54 5 AN, YK
AN BRI, 3 AN IR AR, 2 AR AER X RAR,
TEHS 2 523 bp AAGINE] T —AbIER] LRAE, 7 CDC
Alamo THIIL, BFEh T A T Ok A, X2
FERR )t A2 FRAE T ORI R A2 R, 1A s T
B ARG, R S5 R TR e S 80
DSl 4 ) 11 2 T B M R I R s AT 6. 8.
10 HA — AR, ANET 8 IR XS4, sk i
T 6. 10 AN AE R X 5AE; M7 10 4 —4bdETR
XA, RSER, XA CDC Alamo HAGINE], 1R
A REXAM AT AR AR 2 I8 B CDC Alamo A2 3E K
R FHOK A ERE B F B Z —.
2.6 IxFIREESHh

FF A T 32 43RS DR P 51 Lt
ST RE R E WAL (B 6) « K
32 MR A BT 4 PP AL JLrh S 1 Rl
Moy 2 B, 51 FLEES 10 AN R, HpA 3
ASEBl, 4300k K B VS AR (ZDMO05845)
By B ( ZDMO6712 ) AT VL B 6 T MR &
(ZDMO03338) BRESHL, F4ME 7 ANdih 5 H e i
PR R, Horp 2 AN InE K i Fl CDC Alamo #1 CDC
Candle BIEFETEH, FHMNL I FERFE (ZDMO1874)
AR RS K K HE (ZDMO8677) « BRIH K #ef K&
(ZDMO1130)  mFIIET 8 KF (ZDM09113)
W K (ZDMO00512) 45 5 AN Fh i d5 e
Wi BRECRZZAN, X 5 ANEMIG EBRE A & 23
K, #B7E 15%LLF. 55 2 FEHRE— AL 24
(ZDM09222) , HLEBFEEM S RIKT 10%. 552 fi
RS 2 ANERE, B R A LR IR K E
(ZDMO00454) FIKINKZZ (ZDMO00467) o £ 3 Ff it
RIS A2, S 18 AN Rk, 0ok 5 MR, M
WIS A, XS MORRWEIL. 5 4 Bop sy
BFET AN, I RFPK R (ZDM00500) « M
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Table 4 Nucleotide mutation in coding region of Wx

(A=) W R AR 5 Xk IR KA M £
Site Nucleotide mutation (x/y) Region Amino acid mutation (X/Y) Mutation type Number of accession
1652 alg #hJT 2 Exon 2 R/R S 9
1654 Insertion 15 bp #hJG 2 Exon 2 26
1660 g/a #hJT 2 Exon 2 R/H N 27
1662 clg #hJT 2 Exon 2 P/A N 27
1679 clg #hJT 2 Exon 2 L/L S 27
1691 clg #hJT 2 Exon 2 N/K N 27
1694 glc #1JT 2 Exon 2 P/P S 27
1697 g/a 417 2 Exon 2 A/A S 27
1702 clg #1JT 2 Exon 2 A/G N 27
1704 g/a #hJT 2 Exon 2 AT N 27
1707 c/t 4hJC 2 Exon 2 L/F N 27
1722 alg #1JT 2 Exon 2 v N 27
1771 g/a #hJT 2 Exon 2 S/N N 27
1797 alc 4hJC 2 Exon 2 S/R N 28
1877 tle 4hJC 2 Exon 2 D/D S 27
1892 c/t 4hJC 2 Exon 2 L/L S 27
1895 c/a 4hJC 2 Exon 2 P/P S 27
1898 g/a #1JT 2 Exon 2 P/P S 27
2434 alg #hJ6 2 Exon 5 T S 28
2440 t/c #hJT 2 Exon 5 Y/Y S 21
2463 g/a #hJ6 2 Exon 5 S/N N 5
2482 alg 417G 2 Exon 5 A/A S 32
2523 t/a 4hJC 2 Exon 5 V/D N 1
2744 c/a kT 2 Exon 6 N/K N 5
3362 g/a 417G 2 Exon 8 A/A S 24
3935 g/t 417G 2 Exon 10 G/W N 1

Xy RoRPIEEH “x” BN “y” , XY ROREERH ‘X7 RN YT .

N LR XA S FoRlF L RAE

x/y means that base x changed to y, X/Y means that amino acid X changed to Y. N: Non-synonymous; S: Synonymous mutation

BEBRBHRISRA A B S B R & B2 £
RERIXE R R, EREERY A AR R bR
A LR KR M, T LB BT, U
FIREERY & BK A EREZ I AR CEARIAR W J751)
255

3 itig

DNA J¥ 5 A 2 W Rfigi A 2 FEPE R TSR I 2
W 791 K173 W 5 R A A 3 A e (a4, #5531/
EXILEATAT H M SOE 63 T 4. B DNA
B A8 St BN BRE 1) 2 A P 22 e AR A, LUk

(R AN R B BB 2 (WA IR, SNP &4k
DRI R AR A g ey B0 a2 T L %86 n IR A%
ZAPE, 1 InDel MIJJE 51 HE DA e A 5848 I FE R
WP AT S )54 22 450 o AR K i 6t 32
B R EHE) Wx A% PR 2 A PR HEAT 4047, FE 0t 32
MEH RTINS T 168 N A, T
P55 26 A bp A B — AN AAME A BRI R 1)
Z AR SALHE T 143 > SNP A 26 /> InDel, —#11
BARS3K 1/310 F1 17169 5 AR Gis X 1 hg 48 555
Freh, fEINE KR KZE CDC Candle 1) Wx 77415 623
BAEAL, RIL—AN 401 bp (ISR B, AT Wx (1T
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