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AT <e P M A K e o T8 < W 150 R B ) » o 28 3T AR 2 < PR IR 3 B AR 19% i &
AAMMDE AN A EEEBENE BN E IR SR AMEo IR EUE SRS
WA ZE K SRR - EERHE L - DR E M EE -

BRIEY 2 AR e i - Ef i R E AR - RSB T Bk 4 & 5 B% 2 (granule-bound
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W 2E & R B2 2 5L PR (GBSS) | 3% 4E DNA Y B ER 48 A (wx®) ~ 52 9 (wx®, wx?) Bl B it 26
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VE19E 1% AR BEIERE Y B35 2 MEFT BRI - 75 HE LM U5 B IR RS - DL
BEHESER -

MEAE

— RS EEEE RS

RN ER - BT R W19 Bl RO B R EE B X RERESN WS EERE SR
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BT o AZETEIAEEE B RERIETERER M RS RERER -
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20144FBKAE » HRSERRIE 11600 B X RIEEE - & AP 1 B2 BN E AR ETTEE R L
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LIMERR B AT IE R B o HLERE T 403 5 SR IE RS2 DNA -
= DFIEFZEEDN
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LR AE B RS 00 I TPCRIZ JE « wxPHYPCREEY) » 75 DAPR il B% Z Noc /T # 1) 5 wxCHY PCREEY) »
FLAPR B ZHphEI T8 V) - FrAPCREYEAR B ZEVIEY) > & LL1.5% TBEE G ¥ X
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RS AR 70°C TRz 1% » PRV ERORL - S RF LB B Rk AR AR A

H SR M FEEURE Sl 0.1 g 0 JIAL ml 95% kS AR &84 - BIIAY9 ml IN
NaOHR SR /K R & 10578 > 2alR U EHTKEEREZ100ml > PER THEEYH 8
O EU VB - DLE R B 8{LEE 7T HTHE(ASTORIA - PACIFIC A2)#E(T 04T -

L AT FERUEE SR R0.1 g0 A0 mIZEEEF/K - R30C /KB R E 3/ NIF »
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InESor g > WAL FY K S ET 0 FFITA2 ml 9.2 N HCIO, (B & IE )X /K at h E %1557
$ o BAEEIIA6 mIfyEEET /KR A A > DUESE T B0 % - BUEE O BB ROETT 4947 - H10.01
mI S Bl O BB RO A0.19 mlIfy 8T 7K 520.1 ml 90% f B fig - > B AR 2RI A 0.6 mURE AT g
BEEE - RER TARE30 8 » LT LR 7490 nm A -
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— ~ waxyE R EAIwx? alleles FI2 552 B D47

201455 FKAE - ATHHBHTER RER - HR16[E B & > BEX LB E2HE X ELE
HEATEE R SRR EADNAZE R FL232(F B i LDNAJR 465 11 15 22 AR M FE IR wx iy 43 T 5EPCR
AT WX FAERE A =5 [ T4 & > wx-f & wx-r ~ wx®-f & wx-r » F&—) o KEIKBIITE R > W
TE1R B T BEERE 2 B & 0 FEwx-FEEwx-riy5 [ F4HE T » BETES FHIEANYS23 bpAYPCREDY)
KN TAEwxa-fEwx-riy 5[ F-4HE T » IR S THIHIPCREY K/ » 495615 bp (E—)
EEXE L FRERHEBE— B WA BUREE S RTEwWCE R E ERF AR wE
allele » B R BRIV EF £ RIWXAE RS -

Fo— - SRR R IR A AR

Table 1.The compiling the information of sorghum waxy gene makers

WX gene Mutation . PCR product
Primer sequence (5°-3”) . Allele type Reference
type type size (bp)
wx-f: GGCCTGGATTCAATGTTCTT 615! Wxd Satilor et
wx? insertion wx-f: CGTGGCGAGATCAAACTCTA
wx-r: CTGGTTGTCCTTGTAGTCCGTT 523" WX (wild-type) 212009
p point GBSSF;: GACCGTGTGTTCATTGACCA 1281 WX 4 (wild-type) Sattler et
W mutations GBSSR;: TGGACATTGTTGCACTCAGAA 745 & 5377 wx? al., 2009
. Point GBSSF,: AGGACATACAGATCGTTCTGCTG 520 wx© Luetal,
WX deletion  GBSSR,: CCATGATGTGGTGTGCCAG 435 & 86>  WX°* (wild-type) 2013

! The primers wx?-f and wx-r are amplified 615 bp size of PCR product, and wx-f and wx-r are amplified 523 bp size of PCR
product.

% The PCR product is digested by restriction enzyme Ncol.

3 The PCR product is digested by restriction enzyme Hphl.

*The WX?® , WX and WX® are meant the wild-type alleles of each waxy gene in sorghum.
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polymorphic (Regmed T WT WT BERDYEBWEBEY WT WT m o [aeagthe b

[El— ~ 2014 FERKFE 3 E 5 F WX ZER PCR SR ITHRE - a @ 2014 FERKAF 232 {8 B 505 wx® &
REIKDITEER © b Bl —2 a FEIOR E (EHER)
£ wx® 73 T35 PCR AWML RIS » =FEHEFIAHG4ER o BRI E By wx® allele /
B » HRV/NE 600 bp B o B/NE Ry WX allele J5 B » HRV/INGY B 500 bp « A AR B ks
Wi/ w SR B o e ), IR AR R 145 ~ 146 ~ 151~154 %) « (875/1H
B Ry WX WX SRR BRI » DL WT For(anfRak 149 ~ 150 ~ 155 ~ 156 55) - [FIRHE AW
o B RSVEGEGIRWX wx®) - L H FoR(fUHS 147 & 148) - fikfirit= » &y PCR R -
DL m FR(RH5 157 & 158) o FRIEREERE—f & » BURHE R EA w EE -~ &5
s R ATE S - BN B wx B

Fig. 1. The inbreed lines planted in fall season, 2014, were tested Wx® PCR product by agarose gel. a:
Total numbers of 232 inbreed lines tested wx* gene. b: There were two polymorphic bands of the
wx® PCR. The band of 615 bp was Wx® (#145, 146, 151~154 etc.), and the band of 523 bp was
wild-type WX? (#149, 150, 155,156 etc.). The bands with two types were heterozygous (#147 &
148)

20155 MF - HIEIAT T8 1 H 2 £ 3L 403l 5 X R R A ELL HAZHIDNA - fRIEBwWXCHY 77
TAESEPCRIIAT - 40311 H A Z & A > HAr 12187 A [FEE &5 & wx® / wx® > 203(1 s[5 H &5 & WX

Py
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TWX® > ELER62{ By SEE A WX/ wx® ~ 17{E B PCRA B E A (B —a) - {EFERS H A () 2K E
8U1{E B Z A 17(8 i H HELR S BEEwWK /1 wx® > 17 3416 in R E L& AUE HWX® /
WX® > B 35 26 i 2 WS R JBE_E AR E + ELER3OfE it 22 WX / wx® > LA A 5 il (1 —b)
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403 samples wx2 gene PCR polymorphisms.
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20 ~
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10 -

WX [ WX WX2 [ wx? wx? / wx?
81 inbreed lines wx2 gene polymorphisms.

fEl — ~ 2015 FEHEIERRM 3 E 5 F WX SRR 4t
a: WX FER AT 403 BRE S £ %40 > 17 {l PCR 28 - 121 B A EE wx® LRI {E R (wx® /
wx?) » BB G T ERE 62 WX/ wx®) - (] [EE EFAERI(WX / WX 203 {H -
b HRE 81 HE A & » &iat W B REER— 2 - A 17 (Eim R B R S R [EE wx®
BRI - 177 34 {85 2 BE UL ACET R BT AR - BURISEE A wx® BRRIEE BRI ARE & H
B 30 [l Fa . wx® R AT R Sy i
Fig. 2. The inbreed lines planted in spring season, 2015, were analyzed Wx® gene and counted their
polymorphisms
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=~ waxyE R EH fhallelesy FI1E S5 AIPCRIE (4 7E 3T

20144FJEE » HIERwxEAwXC alleles 7347 » LADNAJE G #{TPCR » &5 fEFE G THHAYPCREY) K
/Nwx® 2 1281 bp » wx® © 520 bp) « #E—F EFwx ELIwx HYPCREEDY) » 47 31 LLFR i E% 2 Ncol (wx®)
HphI (wx*) &t > wx® PCRA I HH AT F B, > Tiwx® PCREISLHL » (735 1Y EE K iR B R % - LA
Wit IUDNAF X E R il elbs - & AIES THEH — 245 R (PCRE Y H B IETHIA R -
FHEMEAE - BEEUEAN - RS REERRETR) -

20154 > BESHDNAEE £520 ng/ulif #EFTPCR » #Ewx EIwx HYPCREY) HEL FEIA A/ > B
GRAERESS - EEME  EEHESEENER « BT HREWwC » wER S TR iE En
Ty MiRiE o S T FRRSEHETT — SR AU PR NIE - FEPCREEZUR NG - AHEIRYDNAJR
F& > 43 AIFE0.1 ul ~ 0.15 pl ~ 0.2 pl ~ 0.25 pl R [ERE A pro-Taql 2% Bl Master Mix(PCR Kit)#E1T
PCRIZE - 2 ik 8 45 B B Rwx" 5y T- sk pro-Taql 258 [E 15 112 0.2 plda A PCRE )4 ik (18 =
a)  Mwx*sr FHEEEAE AT A pro-Taqlt Z RS T B A PCREY) (B =b) - EAEM[EPCREE Z R Z4H
& > WIEATADNA S A PCREY)ERL » BLLATLADNAJF R HETPCRAVAE A E o #E—H§f
%ﬁwx%‘%ffﬁ;f DIAHEIRY A mDNAET MBI R RS ~ MRS [ (R EMBN S+ IrfF

&SR PCRACHT) ~ 0.2 pl pro-TagfeMaster MixZ <X X 4H & #PCRMIE ( [E =c (PLpro-Taql#
ZPCR)ELd (PAMaster Mix PCR)ZE Kk BB [EIPCR4H & f#FE » /£ * DNAJR & (original DNA) ~ £5
DNAFiFE(diluted DNA) ~ F : BE/ER 5] T (old primers) ~ | : F#ffEAY 5] F (new primers) ] ©
PCRAH & 5t i ] BE A (R i (EDNAJFUR AT ER 4T > A e i SRR 5| F - pro-Taqlg 25X,
f&Master Mix » ESfEE FEH — 2 AYPCRIZT; (1280 bp) » {HFMHEAIDNALH & fE A S A 51
FEME « MO L = TAESEPCRFH M A TE » W IEFPCREFZ RS 2 &5 > M/ EDNARE
FTEL -

FEDNAJE FE Bwx® ~ wxHE R 5> TAZEE IS - 43 B LU 20 ng/ul¥L100 ng/plfJDNA - Fi%
DNAFL/KEGTEACLE » &4 DNAJEE 20 ng/plFdALAL2 ng/ul ~ 4 ng/pl ~ 6 ng/plEE8 ng/ul (& =e) »
100 ng/plFHECELS ng/ul ~ 10 ng/pl ~ 15 ng/pl¥120 ng/pl(E =f) » #E1T7R EIDNAJEEPCR - 45 5H
FETRWX 5y THEEEEDNA RS By 15 ng/plll b 85 PCR&E (18] = e B 026 VK B L Hk) » fi
WX TS B 15 A [F] 59 45 L (B = e BA fEE Uk & T HF)

PFEEDNAREREF » Wior TIEEEVPCREBE B R 5 « BB LUBRE200 ng/uldIHfE
DNA  BE/KHHHC A 4 DNAJEE 5520 ng/pli{TPCR > JE {55 (R4S 5L (18 = g¥2h) - HEwx 8
wx°ﬁl%ﬁﬂmE’JPCRF%%&#D?EHHM\ MR S S B P R A R A O @%tﬁfﬁ%ﬂm
VB (B Ze~h) o i — 5 EITM S| TR & BB FEPCREVER » 45 B RWX BLWX EE R 53 T
?i;%fwci&i:.mFFT JEE—MIRITE L » HEBMTRZZE  thIFESS CRETRER
RE A (E =i~j) -
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taddEp o00-by
500-bp

a 0.2 0.25ul Master Mix

0.25ul Master Mix b
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vesesldaid~
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1500 bp
900-bp

4 ngfal
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908-bp
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1500-bp
D00-bp

N | 1

200 mgful * 2ul

0-bp

20-bp R e

200 mg/ul * 2ul
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temp: 55 553 55.6 56.4 57.3 58.2 58.6 59.3 60 60.6 608 61 temp: 55 55.3 55.6 56.4 573 58.2 58.6 593 60 60-6 60.8 61

waxy B PCR volume 20 ul waxy C BER velume 20 ul
L
!
waxy B PCR volume 10 ul waxy C PCR volume | ul

1
T T e o e R o

lemp: 55 553 55.6 56.4 573 58.2 58.6 503 60 60.6 60.8 61 lemp: 55 55.3 556 56.4 57.3 55.1 58.6 503 60 60.6 60.3

$
]

B = - EsRR IR wx® B wx FEDREE . PCR 5 i R
a~b: {F DNA JEE B 20 ng/ul - R[EEEY Taq B2 wx® (fig 1-a.)88 wx® (fig 1-b.) KL R
W -
c~d: BLDNA JFUR(AEF) ~ FFERE 20 ng/ul(5F) - ¥E%§ [F-(E88 ) > PAR Taq R (fig
1-c.)Eil Matrer Mix (fig 1-d.)Z R [E4H &ML ET wx® 256 PCR [ FEHFFFR V2 -
e~ £ DL DNA FRRER 20 ng/ul (75182 100 ng/ul () FHECHE S LA FIAR & HIER S wi® ~
wx” fiE PCR SZFERTFFER R 2 -
g~ h: DL DNA FHFER 100 ng/ul (Z£24)B 200 ng/pl (45 1) FEECH AR EDERE - MRS wx® » wx®
st PCR S ERHBIIERE: -
© RIEIRRERT PCR £6 435 B[R PCR BSFEAHA( 20 ul > TF 10 ph)$f wx® B wx® 53
fEat PCR SERTHER M2 -
Fig. 3. The suitable PCR condition of sorghum waxy genes, wx” and wx°. The concentration of Taq (a &
b), DNA concentration (c-h), and the annealing temperature of primers (i & j)
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EEWE & S B A o RS0 - (BR3sE - (BIR4ASE - WIKE1E - B s
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@%*ﬁ%ﬂfﬂmnn$§ﬁﬁ °

TE T EREMEEWCERE ST o GSRAE U R - EiE290 R EAERIWXE 1 wx?
EIERS - BR390 REESESRWXY / wx'“‘) R4S Rl EEIwX® / wxPEE RS o TR
SOIERTR N EME RS AT S B EEE G - HERABIINEHA LAY ERREEREF
1 o By T #E— 0858 > TA20155EFKfE > ﬁéBﬂF'aﬁz%fffE?JEL%Ték W 155 F 6 BS < HUDN A ZE T Twx®
BT (B 71) > 90 s I PCR{EAS H (3{EDNAZLHUL J - 3{EPCRA M) » T2 4{HE (S fy %7
ARIFIWXE /WX > HREEE T R 198 FORHEWX® | WXHE RS F(E -
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IW | TCcss |BTx623 | KL CK,

&00-bp - e -
S00:bpy o e we wr
Htr Htr Mtr Hitr Htr

- e . e

[Py - Fﬁ EETE TR T E SRR M WX SRR A
Ko DUKHUA DNA #4T PCR © CKy: HA W ZERIVE R it & » F2: BHE 2 5% - F3
’r% 3 5% - F4: SHE 4 9% - 2W: JifE 1 9% - TCSS: & 5 5% - B Tx623: .%ﬁiﬁ?éﬂﬁﬁ?z{ﬁ
Feinid o KL: Kao-liang » EE{EM =3 il - 45 REUREA BT 4 5 B ARER w* KR
Wik 1 SRE N 3 SR R SRS - FLBRIU(E Safe f s EURRMERY WX BLRZY -

Fig. 4. The comparison of the Wx? gene in the cultivars of sorghum
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Hir Htr NT Her Wtr Bte Hte Wtr Str Hte  EM Hir Btr Htr Her Hir Btr Hte Her Str Hir Bir Htr Hir Btr Btr WT Htr Her Btr - Htr Bt St Htr Hte WT Hir Hir Btz Htr | B Bt Her B Htr Her
.
M L]

s EmE RS W WmEEEE

P ..-,-. - =f' - . _x w—ﬂl"bp
: -- - 500-bp

49 50 51 33 53 54 55 56 57 58 59 60 Sldzﬁ!ﬁl-ﬂﬁssﬂ 686970 Ti ﬂ 73747876 717879 80 81 82 83 B4 8586 nssm;n 9192939495 96
EM Hir Hitr Her it Btr Hee e e Bte Bt iee ee HeeBte Bt Ste WT Bt Hte Bt Hte Bte Bt Bt Hte Bt Bt i Hie St Hee E8 Bt Bie e Bt Bie Bt Ber Bt Bt Bte Bt e it e

[l 71~ kIR 96 MR 1 SR(EAGZXHL DNA HETT wx® BRI T 2 Bk
90 {ElR% T PCR (g » 353 4 ([E{ERA A wx* BRI - 568 T RifE 1 98 A YRR
EEEFEAE(WT: B WX/ WX YEERAY ~ Hir: S8 45 &S - EM: DNA Z£HZEH - PM: PCR 4%
)

Fig. 5. PCR analyzed of wx? allele from the randomly selected 96 plants of Liangnuo NO. 1 population
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“ R B RBwX B WX B E (R HI B R 2 B AR

Fo T R EAt S AR I R R R Y 2 B > AT St (i g S B L R AT A0 AT
A FE LA R IR BB R BN 7 - DR E = R 2 BEN - BN - £B IO
RENR B R FIEE Z VIR H - M — 5 M LA PCRIE 2337 °C B UI4/ NI » BLHEFS37°C iR 218
/NS BESE S — BN AE (B X) « 5 RBUR » RN/ FIPCRIZER IR B4/ NEF > /2 DULFE bR
B8/ o BRSNS — BUAVAE R o R WRE 190 R 0 B B S S IR Al o AR wx PR
T ZENCOIR H » HJ B BI) A9 485 A/ NI AT 5088 > BB HH < AR 15 B (8 6 R S R 0 R Eowix®
BLPREL - 88 WX/ WXPELPR I (WX: 1281 bp, wx®: 745 bp & 537 bp » B 7a) [ Ewx FE il B2
ZHphU&EH » i S S U H— IR FT 65 49400 bpi/N(WXS: 435 bp & 86 bp, wx®: 520
bp) » Fonis i fE R AW R B (B AWXEE T > [BNb)

wan M e
- - =

SR S
wx": DNA con. 200 ng / ul (#f442) . oven 37°C 18 hrs.

2W inbreed lines

S e o il T bl B
wx": DNA con. 20 ng / ul (i &%), PCR37C 4 hrs.
1500-bp — N Co EQCNEAREN | pcncpcenc NENENEMERNENC NCanC
1000-bp = v - Eﬂ_ !Qhﬂwn- - --;—
a -

CE BT TR FESE - e E e

B - EEAPRAEIEE 2 o PR EIR A ) wx® B wxC (1] PCR ZEYIE (G REIEMS— BE 3
a ks wx® DAPRAIEE 2% Nool B EIITAER © bk wx® LUFRAIFE 2 Hph T B DIIAEE - & EFER
BERE 37 CRREE 18 /NF - % - [E Fy PCR 125 37°C iz e 4 /N
(B AR CRSERST - F2: 8005 2 57 ~ F3:800% 3 9% ~ F4:80 4 9%  2Widis 1 5% ~ TCSS: &
5 5% ~ B Tx623: =3 Ak NAH i Fr Z b9 il > Bl KL: Kao-liang - ERE RN 32 il < )
Fig. 6. Restriction enzymes analysis of wx” and wx° alleles by two different methods
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D~ ERERH B AR R Al E

B BB I GE - ARIZE20144E Rk 1F H R PEAR G & Bt e B4 IR - BHU 72 BB R B
R EWCHERE T HETT PSR o HE— 205 1 SR TE WA — SR 0 B LAY B S % > BRI — R R ¥
B> DASEEO & B (%) ~ ELHEN & 8 (%) » SO & 8 (%) ~ B/ EE(%) ~ SO /R
# EE (%) Bwx* 2 BUME S MEARET TR 3 T (R ) - B3 K AR AHBE AT RERBURGER D) - #
W R B R & B 2B SE 2 IEAHR(P-Value < 0.01) - H 81 F /480 T 7 = 18 A AH
B~ S/ AR LE Ry s FEIEAHRE o 10 AEwx® 25 B0V BER HY B 48 S RIS A B MRS R B -
T 2015 FEEAFRRIE SR E S F Wi B R S AUV (AT Bt 2 B BRI AR BT -
Table 2. The Pearson correlation coefficient for analyzing the wx? gene polymorphism of inbreed lines

with traits of starch in spring season, 2015.

Rate of
Total Starch Amylopectin Rate of wx® gene
Characters Amylose (%) amylopectin
(%) (%) amylose (%) Polymorphism
(%)

Pearson Correlation 1
Total Starch (%)

Significance test (two-tailed)

‘Pearson Correlation 0.108 1
Amylose (%) i

iSignificance test (two-tailed) 0.659

“Pearson Correlation 1.000™ 0.095 1
Amylopectin (%) |

{Significance test (two-tailed) 0.000 0.700

EPearson Correlation -0.863 0.293 -0.868" 1
Rate of amylose (%) !

{Significance test (two-tailed) 0.000 0.224 0.000

‘Pearson Correlation 0.863"Y 1 0293 i 0.868" i -1.000"" : 1
Rate of amylopectin (%) | : : : :

iSignificance test (two-tailed) 0.000 : 0.224 : 0.000 : 0.000

‘Pearson Correlation 0204 1 0335 ¢ 0299 i 0294 i 0294 i 1
wx? gene Polymorphism

Significance test (two-tailed) 0.223 0.161 0.214 0.221 0.221

** The value of significance is at the significance test of two-tailed, when the P-Value is 0.01.
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Identification of Waxy Alleles in the Waxy
Sorghum, Liangnuo No. 1*

Tsung-Hua Liu® and Yi-Lun Liao®

ABSTRACT

In order to shorten the breeding process for glutinous sorghum varieties, in this study,
the three of previous found waxy gene markers (Wx?, wx®, wx®) of sorghum were used to
test the inbreed lines of the known sorghum variety, Liangnuo NO. 1. Through PCR and
restriction enzyme digestion treatment, it was identified that Liangnuo NO. 1 obtained wx®
gene only, and in its inbreed lines has the same gene performance. A nero methology was
developed for extracting DNA with simple chemicals, steel balls grinded, water bath
extracted, supernatant subsided and centrifugation. It was a fast, stable and useful
methodology in obtaining mid-quality DNA for large population selection. While
increasing the DNA concentration to 100 ng/ul, and rising the annealing temperature upto
60°C (for markers wx” and wx®), high fideling in the PCR result could be achieved. It
found that the most suitable condition for the analysis in three sorghum waxy gene

markers and improving the effectiveness of selection in molecular breeding.

Key words: sorghum, Liangnuo NO. 1, waxy gene (waxy)
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