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Abstract Molecular genetic map is an essential prerequisite for studying QTL for molecular breeding and map-based gene cloning.

1,24

, Zhang Huawen 12, Yang Yanbing 13’ Wang Honggang ZE, Li

Highly efficiency SSR technology could guarantee the successful experiment. With the 186 F, individuals derived from a cross of
normal sorghum inbred line Shihong 137 and sweet sorghum inbred line L-tian, PCR reaction system size, polyacrylamide gel
concentration and silver dyeing steps were investigated. Results showed that the combination of 10 pL PCR reaction system, 6% of
the polyacrylamide gel electrophoresis and rapid silver dyeing steps could satisfy the requirement of experiment. Based on above
optimized method, a linkage map for sorghum spanned a distance of 1884.6 cM with an average distance between markers of 15.97 cM
was developed with 118 SSR markers. The SSR optimization system and molecular linkage map will lay the foundation for the
mapping of genes controlling important agronomic traits and molecular marker assisted selection.

Keywords Sorghum; SSR; Optimization; Stability, Molecular genetic map

MRER
S I R — AR, NG, A

ThRE AL AR
55— 5K B o T8 1% T B &L Y Hulbert 55

OGRS, Mt sag, i HEGEMPE
TEHFIPWEGUE, B E Y G R R T 5
WhEAK . BULREE “mBe/EY”, XA “1EY 3%
e i sess, RN ERAEAE/NERA, O45%
%4 3 K 4030 7 (Paterson et al., 2009). % FikFf
AR s, RSB I TE A A B B R A 2544

(1990)438, FIF F KRFLPERE #2278
B EIRG . BEfS, — Lo 70 A TR & 3R
RFLPHREF, ##E 1 & 8% 8 I 1% (Whitkus et al.,
1992; Berhan et al., 1993; Pereira et al., 1994; Lin et
al., 1995; Tuinstra et al., 1996; Dufour et al., 1997).

Py 1 B T O AR B A 2 BUR FL R, DB
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RILEER, FRicBN21 81276485, BB SR D
54, BmE 174 H1997H LK, SSRAFIL LA
HEFE, FEER, BB, EENE, 5
TR, 45 R SRS SO B S T s R T
Fric B 3 1 i) 22 (Taramino et al., 1997; Kong et
al., 2000; Bhattramakki et al., 2000; Menz et al., 2002;
Wu et al., 2006; Ritter et al., 2008; Shiringan et al.,
2010). [ =2 (H 28 ZBTx623) 4 5 K 40 17 1 52
% (Paterson et al., 2009), {# A TA N v G235 K 20
H 7AW T, WONEERASSRERICHIT A7)
AR R A B B T kA

T 15 G 43 1 3 B R P A 2 R N R R A
dn HEAT HE R BA Mo D T B SRR R, AR S
R T4 G PR E A 200 Ja AR A4 B SSREL AR A4
Fo BT AN HBEAEPISSRR MR R AR ALK 2 /2 M
B DNARIREE, SIYKRE, INTPHKE, MgCL,
WA N Taq g 19 &AL A, O et e B 1Y
PCR AR R FERISL T S ERIPCR I NAR R 5
B AE B LRI ) P R i 22 5 1) O VA AR B A S
RISEe 25 5K, 02 SSRER A M T JEc e 112 v s L i e
(). (ERSR A, A X R IR (IR AE,
2007) R FeJ7 i (B K T4, 2006; 5, 2010)
AT BT FT, (R LI 5T 38 R 0 A 1 SR TR A
(913 I SRE N 1% VRO | ' AV el 9 1720 31091
1T FE o

%110 uL, 15 uL, 20 pLA125 pL PCRAA %
Table 1 PCR reaction system of 10 uL, 15 pL, 20 uL and 25 uL

NIk, ARSI MSSRR BiAA R IR/, T
T P 58 P2 Pk 5 DA B AR e e € 1) 25 B AT T T 9
B R IE I ik AN SSRAR R A R R R 4L A
B BIE A ARSI WA G HOE I i R SSRE A A
Z, FE LA A LRt AL) R v AN v 4 A TR F,
TRy T UL BRSO REIREH = S E R 2R 1
QTLE {7 Fl 43 -2 K B8 5E — & (1) 38 L it o

14 R 555t
1.1 PCRIE R K/ Y1845 RIS

¥ Taq DNAZE A B IAE FH ULEH, X) s Bifdk &
HEAT AL EC AR R 45 /0N, AR SEBG SR T DY ol e R A
%: 10 pL, 15 pL, 20 uLAI25 pL, BN s
IR IFTR. N T HEBRPCRAUHH 18 45 SR 520,
ARSI SRR R IB R ML T AR [ B 124N 4
£ [F] — AN PCRAX 1 F1 H 51 ) Xeup26 [7] i 3% PO s
RIAE R IIFE AT B 2 6%, 8%FH10%H)
IR HEAT FLK, I F PR RR B (0 7 VE AT G 5, XF4 pL
PP T o dr . AT LA, BR T A 10%
(14 5% P 1 565 2 b e €8 7 2 2% i IR BRI A REIX
o BIg A, DURD R SR R I REY 1 i B
[R5 o 15 nLAR RY 10 H B4 m R B iR, 25 ul
20 pLAA Ry G- IRE ZRAK, 10 uLIERY
BRI, (H2 Y 38 25 LU b, 58 4 2 S
IR,

TiH 10 uL 15 uL 20 uL 25 uL
Item

AR DNA 20 ng/uL (uL) 1.00 1.50 2.00 2.50
Template DNA 20 ng/uL (uL)

EM 54 5 umol/L (uL) 0.40 0.60 0.80 1.00
Forward primer 5 pmol/L (uL)

51495 pmol/L (uL) 0.40 0.60 0.80 1.00
Reverse primer 5 pmol/L (uL)

10xTaq Buffer (uL) 1.00 1.50 2.00 2.50
dNTP Mixtre 2.5 mmol/L (uL) 0.80 1.20 1.60 2.00
Taq 2.5 U/uL (uL) 0.10 0.15 0.20 0.25
ddH,O (uL) 6.30 9.45 12.60 15.75
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Bl1A: J73k 1B Jvk 25 R R G T7VETE 6%, 8% 1 10% 1 %EE AN [F] PCR R BLAA Z%d i G5 41 DNA (9 45 58,
1~12, 13~24, 25~36, 37~48 43 5ill/& 10 uL, 15 uL, 20 uL F 25 pL ik R

Figure 1 A: Method 1; B: Method 2; With two silver dyeing methods, amplification results of 10 pL, 15 pL, 20 pL and 25 pL. PCR
reaction system in 6%, 8% and10% polyacrylamide gel electrophoresis

1.2/ [R1 R BB P I 280 1A 3 T 04 B R o R X L Dk 45 SR
IR 8

R SEZ56 1) FH AR 4 SR TR s B R 4 F X PCR =)
HEATRII, RPN . WIAMNIRERSE10%, 8% Fl
6%, TSEEHI40%H] Acri/bis-Acrifhil, T4 CUKiH
TRA7 . FR2M LLBIFLHIAS VR FE e . FL Uk SR
W H0.5xTBE, 180VE K HiYk. AT T =ik EM
FRT Xcup264™ 38 =4 1) 43 B UR « Xeup264 36 v B
K/ANZIH250 bpe HEITRTLLE H, FIH =FA R
JEE V1 R P 2R T s T e o 4 389 4k R K174
BEATHIK, RAMFRETE, BT H2MYETT
5, 10%5EE:, 15 pLRBAR R A Y0151
F ANTE AL, FABIREE IR Y R A3 2SI 1) B 1)
o (HARN TIRE & =M M H K, 10%1)
I TR EHLIK3h, 8% MBI T B K2 h, 6%t

AR2 ANIRIHAR JEE B A A 5 TR A P A Bt s O P 1 5 9

Jig FL VKA 75 35 Tho S FH 6% R FLIK R KT 4 749
3 5% A 1A

LINFRIRGTTERT Y 1 45 R

SR AL =1 73 1P 5 A T e ol e €777 1%
ANPRIE ARG T35, X AN R JBERIAN 7] e o7 1 2% FA
aREAT G, HETRTBUE Y, ARtk
Xt =R R AT Gt P REAS 2 LU B BT
gkt 38 ARk, W 6%M8% AL 4
. PIREAS BILLEGRMT 26 s X 10%3R L A A G
t, BORBE - SR 6 LWBUNEINUNE2M Rt ah 2R,
JHE G g R LRI 72l T8 1 i
FRBRPR BN L PR S IR, iR i 5t
JIIIZ

Table 2 The preparation method of different concentrations of polyacrylamide gel

oiH 10% 8% 6%
Item

40% Acri/bis-Acri (mL) 25 20 15
10xTBE (mL) 10 10 10
ddH,O (mL) 65 70 75
TEMED (uL) 100 100 100
10%AP (uL) 1000 1000 1000
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TR e 8,77 VF 0] 6% FH 8 Yol I Yl 81 25 S LU 40175 Wi »
AT 10%35E I G (45 5 5 oK, 7 ANE B IS
i B MG ] R, R — Mgt ik,
K3 PR

Table 3 Two silver dyeing methods

FEAR I P2 KA 75 330 min, 1 F 28 - Fp ety
2, BRI FETE10 mink A .

ikl
Method 1

Hik2
Method 2

LE 10% 4B, 0.5% SRR E I 3E 2 7, 6 min/ik
Place gels in fixing solution including 10% ethanol and 0.5%
acetic acid, and shake gently for 6 min, twice

2.0.2%AgNO; ¥ #i51E 10-12min

Replace the solution with 0.2% silver nitrate aqueous solution,
and shake gently for 10-12 min.

3.dH,0 ik 2 K, 30s

Rinse gels briefly with d H,O for 30 s, twice

4.0.002% B ACHR R NIE L E KL 30s, ELEFRARHE, Hii
Apply 0.002% sodium thiosulfate aqueous solution, and shake
gently for 30 s. After the solution turned yellow, remove the
solution

5707 NaOH 1.5%, i 0.4%/1 % (A

Apply developing solution, including 1.5% Sodium hydroxide,
0.4% formaldehyde, and shake gently

6.5 IR M, A8 K b e B, kBt v

After the bands appear with desirable intensity, Wash gel in

distilled water several times to stop the reaction

LAEE 10% ZHEE 0.5% LRI 0.2% IRRER 4Lt Smin
Place gels in solution including 10% ethanol, 0.5% acetic acid
and 0.2% silver nitrate , and shake gently for 5 min

2. ZKRK PR 30s

Rinse gels briefly with d H,O for 30 s

3AEF 0.5% HEEM 3.0 % A AN B
Apply developing solution, including 3.0% Sodium hydroxide,
0.5% formaldehyde, and shake gently
4RATHEM S, FHZRK PR EIR, ZOb RO RN
After the bands appear with desirable intensity, Wash gel in

distilled water several times to stop the reaction

LAttt Ak 2R B 76 58 e Bl

I A3 BT EEEPCRIR AR 52, 56 VA A4 T e 4 s
WREE ARG I VER LI 25 B2, 10 pL PCRIR
JRLAAS R, 6% P AR 1 5 TR s T e i FR g4 LRI AR
AR GWE I G )7 EEA Re 2 IR E R . AT 5
EZA G R EE, X34 BN 3150 bp
(Xcup50)F1200 bp (Xcup02)HI /> 51 75 E, a4
48Pk R I SRER 25 IR AT T . A DL RS
Jiik, 1B T ORISR A (E2).

L5mEn TEHEENNE

il LR RAL I SSREAAR 22, K76 H T 141
Xt 2 S S ER A RN AT S5 . th T
A3 5V %, AR ik e

BRI FES G, TR X o T S B Rt
128%F 51 PIE 1861 Fo Fiupk Hh i 2R R R AT 145 5E
XT1285%F 2 A1 SSRGI M #EAT R P J7 il 5, 45 R %K
B: RSP E KT 599004 B AR i 35300, ks
BhR LB~ 23.4%, HAFE 19 bR iR E
KT9.21, JEMHEwr Bhnic. HRHE128% 2 &M

-
|'- SebucPibu annatna®: % :.:l.':lo‘l“““"'. ‘

[’:... LT (1) 3..:==-...."...'....‘..3'.!"..‘

2 Xcup50 1 Xcup02 7E F, AR 48 Mok 22 Az e HAE I
Figure 2 Stability testing of Xcup50 and Xcup02 in 48 lines of
F, population
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IRy 5 S, FIFHMAPMAKER/EXP 3.08F B, H & MEBHSUE ARGtk E(E3). x
BHATES T A BB Mricidt ICBEmEMGEMA NS IO, BE240 i,
P00 M, FEREEARM S TEBERE: AEIERSE  cfus bR oo M7 tuk, ¥HAHA.
FORRICAR AN B B |, ARSE R 7 B AR D 8w BT LU SR P B A A (R BB 2 e itk 204
ANERERE AL, BIRREE TSR BIAME.  AnicT, B10Mm Bkl . O S Y ik ik
Bn, BE EILRA I8N A, EHERERA H40. BIFMBEAREEEIA, o4k,
f11884.6 cM, RiCIATF-HIBEE ~15.97 cM, FL154 %83, 5, 9iA& 11,

EBRE . R O R FHISSRERICE YL A L fr

SBI-01 SBI-02 SBI-03 SBI-04
0.0 SbAGFOE 00 UGSMO01 0.0 ~— Xeupll 0.0 Xeupdd
59\ UGSMO94 8.2 T Xtxp116 210 Xcupls
275 Xeup25 12.4 ~— Xtxp096 78 Xeup23
ggi T E‘ﬁ::?.jm . e 498 Xtxp026
. L
655 ~J{-— UGSM199 458 —— ¥txp0aD P 0.0 Xeup20
83.3 ] | #txp043 516 R Xtxp025 154 Kixp343
89 2 ~I Xtxp329 2N —H- x1xp012
917 = Xtxp058 588 N Ktup297 95.3 ——+— Sb5-236 258 p
97 6 _\uawmz 74.3 \swm3 106.9 ——— UGSMOD9 @4:::%E0
1147 | - xxp0a2 828 Xtxp0S0 0.0 X1xp034 50 7 [~ SbAGGD2
11784 L1 Xtxp011
1419 -/ Q{><1><p335 1256 ~} - XtxpQ19 26.9 XtxpDBI
1450 Ktup0B5 131.4 =~ *¥txp013 a5 1 ~——— Ktxp327
1686 <] > Sb6-57 1435 — ]~ Xtxp003 444 Xtxp098 iios o0l
185.1 —~MCSADBBGOE  154.8 7| [ Xcup?d 157 A< mEW?
— SBI-06 132.0 11— Xtxp212
217.7 tx ~—— Xcup29 ,
i ;ggi ~TT Xtc:ppﬂm 0.0 Axpl27 152.0 UGSM223
meILeE, s -swee
' H 1
2685 Xtxp0B1 2394 —1— Atxp007 41.9 Rxp27 L xp02
249.0 —T T Xcup2Zb
3034 ¥txp340 738 ¥oupl2
3294 Xeups3 287.2 Xtxp00e
334.9 lgi Xtxp323 108.3 Xxp0S7
3401 ~ - Xixp248
3804~ - Xtxp046
SBI-07 SBI-09 SBI-10
SBI-05 00 Xtxp160 0.0 Atxp289 00 Heupdd
177 MCSAD42E0S 89 EEXWPUH
0.0 Auples i ShAGFDS 171 Xeups0
: Wxp27
265 Ktxp221 566~ Sb6-42 0.0 txp270
65.6 Xcup19 625 = [~ ¥txp258
51.9 Xtxp303 77.7 =TT ¥txpl67
809 Xtxp225 94 4 Xtxp295 544~ |~ ¥bxp020
g7 4 §—§ Xtxp091 101.4 Keup02 658 :\?— - Xcupb?
= 137 Xtxp010 o ||
£89.4 / Xtxp015 72.3 ~ Xtxp283
a2 N\ Xtxpl13 SBI-08 00— gbGSSggDBE 772 j—\ Atxp353
96 - 850 Xtxp337
124.4 Ktxp023 oo Htxp273 0.6 — T~ SbAGED3 e SbI'-JI
153 UGSM168 38 9 —o— Sh4.32 :
163.8 ——— SBKAFGK1 0.0 —f— Xtxp210
174.9 ~—— Kai3e _
185.2 —— Kaf2e 223~ 1~ Xxp354 158.9 ~{ Xcup16
38.1 ~] |~ Atxp018 165.0 =T [~ Sbb-325
41.8 T Axp321 180.9 Sb5-30
51.4 =T [™ Xxp250 191 6 —=— XcupD7
88.3 UGSM138
100.3 Sb6-34

K3 FIFATLL 137 A0 L- 23 ST AR ) Fp R R 1) 0 T BRI
Figure 3 Molecular genetic map of F, population derived from Shihong137xL-tian
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b 3R E BRI A H a0, &R N —
FhAIRAEY) 32 BRI 2 1) 5G7E s [FIRS i T s e
HEUNMOEEF AR O 2 58 A FEF AN T, X
Iy F AR ANy A2 7 T T T Rk R
TERR D TIES B, Wi 285 E DK
FEBEAH, — TR EX L E X E A LT X SSRA
VTSR, EMUFERENT S, WHEFRE
KA. PRI, 78 f 0 PR 1) P P S 2 55 1
EISBNH BRI EE R, R S SRR O
SSREIA M — RFINIP AL, BHFEPCRIA R KL
fil; PCRY™MY; HEAZMIMECH], Mk, Y@y, Ho
FRART — AN 5 BRI 2R OB K 5 B0 246 S0 45 SR 1 2R
Jhe, T i B — A A0 B 1Y) S8 S5 e R i e R S
IR . ARSI MPCRIK R IR/, AR R A
975 TRz 5 J8 P R B AN e £0 7 0 AT TR F . S
REHXT 21519, KH10 puL PCRIR M
2, 6% M ARV B UM e it IR AT ik, R
PRI AR Qe AT Yt n DAAS B 3AR M H 146

7E— ML SSRGS FH, PCRAK R — MK 20 uL
BT K RRiAR 22 o A SR A T 45 5, 10 pL
PCRR B AA 5 CL4 FE A 2 SEIR I B R . AHXT H —
MRS ul, 20 pLERHE KK RMAR R, BETTL T =
oy — LA ERSEES A, SO R T SREREER . (ESE
briffEd 2, B TFARGIY R BRNAFE, §
WMCRANE, E SRR SRR, PRSI
Ko BT HIR/ANIGRT PR R . A
IR BB 3 B KI  F, imniR B TR e 7 B e
/NI o SSRYTHY 24— A AE 100 bp~400 bpZ [H],
187 FH 6% 1 A28 11 5 TR M e Jre B S » AN 1 £ B[] A
2y, 1 B4 AT LUK SSRY B A ) i B Tk . fE
FEL K B AR S50 SR FH 7 R 1 A AR P R A A T e
JRE Gt 7 VR AR G 735 PR Y 7 VRN
(0 G 0 7 1 R R [ e FB E A B R A N — A
R, BT AR RSP, TWE T RA—F
[REta], I3 TROVHE ISR SR . MR, b
A PR v 8 I SSRAT A R R % 7 328 4 1 22 A5 1
Yo XTI Bod KEGd /b, BEERE R A R
519, EREBRREMNSE A, CUARI T
LR H .

AHIE TR R T A% B 3R AL s 118 MR

A H R 116 AN SSR FRic Al 2 M H
FERY SSR bric, 78 5% gk A 411 1884.6 cM, fr
PCIAPPEIEE A 15.97 oM, 3t 15 ANEBTRE(E 3).
5 Wu Z5(2006) 5 7. 45 RAHL, 8 78 56 2 F H SSR
id, MEMESEIESH 16 MEBH. %01
B PR R A R ) v SR LR MR EEAT QTL
VI TR . ST E QTL KRN 2 Ar A&
FILr v e, 3 T 2R BB SSR A, #E—2538m
etk ERIRRICE B, K SE AR 2> T B A
WE, DA REVSER =R 2> T AR O R AR — B
HigES.
MBS ik
3. LRI AT

FIT FE A it g 53 3 2 i P o 20 137 R v 32
FHL-E, DA A1 P A

32IRM
3.2.1 DNAKI$ZEL
=52 F s DNA $2HU 2l Dellaporta 25(1983)

W7, s I—IUNA DNA FERET TE
ZEpP, 3R MBA 2000 pV/VS it 4X (Perkin
Elmer 13 PR 2 7] )35 4794 FE D s AL G I o FH X2
JKIE DNA S FRFE K 20 ng/uL {9 TAEW, A
4°CUKFE, AER AT I FRIABEAR o

3.2.2 PCR M

B &5 h A TAY TSRS
HIRA G . PCRISEH10 pL, 15 uL, 20 uL
25 pL 4Fh IR BIAR R o N AR R SRR AR O 4F
J& . MU A RS, Bk R . FHPTC-200#4 5
A (MJ Research Inc)#AT¥H 3. 2 2T
. 94 CHIAEMS minfg, 94CAH30s. 55CIB
k30s. 72°CHEMT minfGHY 35K, s T72°C
SEfH7 min.

3.2.3 PCR=# A #ll
KFH10%, 8% M16% — T 5 ) 4 A8 1 5 A I
W Jog B Rt 47 4G P M EAT 3 B SR I R G T
V2%, o AR AR A AR A B A A T T Y P 4 8 TV
(Sanguinetti et al., 1994), 55— PRIgE 4L 7772
(Carlos et al., 1994). ASZEG X AT VER&AE T 0L
3, ARG T %I ERZ& R RN, BEEEERZE
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R MG i, P DR A0 1 R AT 73 B 25 i PR AR

3.2.45 Fhrid B8t g M 8

TEXE (8] B A W2 2 A M b F A A
ZL137/L-TH P B & AR I B R Y . o 5 - AH [R]
(R TR AE <A, 50 40 137 [ s TR B
“B”, 5 F 2 MoA [B] 1) BB R H, il B AN FE Bl
B R A FIFIMAPMAKER3.0 #44 X fir
A HIFRCHHATIES 2T (Lander et al., 1987). FHF
75 MBS AR IE 53 B EE 2R AT AR . 7E0.05 25K
F, Byt K TF5.99, ICATEIZARIC AL S AEE — MR
4385 . FIFMapChart2.2 (Voorrips et al., 2002)4k {4
BT BB R

& STk

A AT ST AR SR BT AN SRR S RIHAT N i
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Z 5t WS R I RIH KB K i
A, fRFERwt, R, BXEESBE. TN
MZEHiRTE PG S5 &REE MBI RRRE
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AW T B A 28 PEAT M CR O ) R 150 B YR o S =
&5 A E P R 4R & 004 B R BT 90 (nyhyzx07-011-04) £
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B RS B 7 (2009BADATBO1) A E R IUACE ZE 77 Mk AR
1A & (nycytx-12-04-08) %5 B
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