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Optimization, verification and detection of SCoT molecular marker system in soybean
LI Qiang'?,SU Er —hu”,GAO Ju —lin'* ,SUN Ji —ying' , YU Xiao — fang' ,XIE Min'
(1. College of Agronomy, Inner Mongolia Agriculiural University, Huhhot 010019, China;
2. Inner Mongolia Academy of Agricultural and Animal Husbandry Sciences, Huhhot 010031, China)

Abstract : Start codon targeted polymorphism ( SCoT) is a novel gene targeted marker technique. L,;(5°) or-
thogonal experiment and single factor experiment design were applied to optimize SCoT — PCR system of soybean in
five factors as Mg’* , dNTPs, primer, Taq DNA polymerase and template DNA. The results showed that the opti-
mized system was as follows: a total volume of 20l including 2. 0 mmol - L' Mg**, 0.2 mmol - L™" dNTPs,
0.250pmol + ™" primer, 1.5U Taq polymerase, 30ng DNA template. The most suitable annealing temperature of
primers was 50.4°C. The optimized SCoT — PCR system was tested on eighteen soybeans, and the result was stable
and reliable. From the 82 primer combinations tested, 32 were selected with clear band patterns and abundant pol-
ymorphism. Amplifications and genetic verification were carried out on Jiyu 75, local black soybean and progenies
from Jiyu 75 X local black soybean. The results showed polymorphism bands and common bands from parents and
progeny. The system provided a new technology for evaluation of genetic diversity, construction of genetic linkage
map and molecular marker assisted breeding for the soybean.
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ZITHHAT T, AR ENTE AL g L ERIBEDL
DNA 73 Fhric, B3 1 A5 g i X I, B3Rl AL 7 ik
D2 P18, 98 A7 5 — e H R MR 3 DR A7 s
B, RG] T eI R . b LA
ZH 2RI e I R A K R, B B R 43 hrad
W E U, A B a] B2 H A9 HE A Y — 3
o3 E H RO REDR B B, 3 A A A R AN o A
TELAT e B i o AR TR AT 7 20, BT ek vl
Fho PRI, g7 — a5 A RO S ATy B B 4y
TARCEARN KRG 8% ZREPE RS R TR
ICHBE M A TR X

Hn i ih % 8 7 2 & 1 (start codon targeted
polymorphism , SCoT) $ricl /& Collard & 2009 ££ M\ 7K
FE EAR A —FhEE T SPAR (LG W)4™ 14 SOE) FY 8
R H AR A3 TR e, i P AR 5 A8 ) 2 TR v iy
ATG B R A7 M3 e 5 A PR3, BT 25 1 )
X LR 2 AT 1, 7 A= i ) 46 326 ) fi s TR X g
ZEMEFHL™ . SCoT FRiC45 A T RAPD FRicHl IS-
SR ARiC LA, RV TR 5 BUAAIR e L 2 8k L5
Py RAEIE , TR e (5 B TR A S0
PR AR SR B 3 T bRl , A R TR B E R
SCoT #ric AL AT LAAE i RAPD F1 ISSR (1% A &4 #b
75, 1M LR — R REBR B VER 08T 19 4 FARic ™ . H
HAT SCoT FRIC N AR A AL KRG o
A A SR B, R LA SCoT HRiE
TERE EW B FERIE . B, A5 DR &l
FHRE, SR Los (5°) IEASBET AR 50 2 Rl ik
. T KRG SCoT - PCR N R , FEXZ R A4 &
HEAT T IR K 5 | W00 1 , AT 98 K 8 2 HE1E
A% AL S o F AR ic i B B b 29 LA

1 MRATr &

1.1 ##

L1 Xgeatd ol RS 7 il & s b
J By JEARAIRE 29 A4~ IEAS T S R R 58 i
K SRR R kLR35 R 5 IR R AR MR R E i K &
AR N 7S b B Bk © 46 | Decabig /N4 8 kM
R JRERG H O EER AW 03 -7239 g
7 Weber Hack /NRIFEE E 5 H 67 JHUETHK AL
PR T FEE 9 T R R AL K B A R
HEE TS AMBEG LI 10 4~ F, B #oEF
2012 4 5 AE N St AR BOIE B 7 B il 56 b R 42 %)
B I, R R UK e el S G R, AT
-70°C vkF £ H

1.1.2 XX A 82 4 SCoT B|4,1 ~36 25|
%8 Collard 25 37 ~ 80 28| ¥ & M8 Luo 2",
81.82 S|SB MRAE LATE"  IT A 51 Y Lk
THEY TRARAF G M. dNTPs Tag DNA R4
fiff 10 x Buffer Mg”* S ¥ [ 5 49 TA2 (K% ) 5
D2000 marker 4 H XAR/AF], DL3000 marker 4 [ 75
R A YA RS F) AR YRk B 2 A B A
1.2 7%

1.2.1 DNA #Ar g4 3540 R DNA $#£ 5
R & AR HUE. DNA i & 8 B QIAGEN 24
Al AR DNA I8N0 6 RETH I 1. 2% 1Y B
JIE W I P, ARG 0 L o s B e B Pk o R R A T 4
B, K DNA Fi B 20ng « pL ™", -20°CARAE4
1.2.2 SCoT - PCR ¥ ¥ 42 5 % =49 #m  PCR
JZ i 12 E BIO — RAD /] MYCycler therm cycler
PCR AL #:4T , 435 FE Y 2y - 94°C 5725 4% 3min;94°C
AR PE 505,50. 4°C 3B K 1min,72°C & P 2min, 36 4§
W5 B 72°C i Smin, P SO A A S, B 10uL
YY), A 2L 6 x loading buffer, 7€ 1. 5% g
WHEES (SRR YR LYk, AR ZE vl Ry 0.5 x
TBE , i JE TEBE AR R G SR % o

1.2.3  E& BRSNS R DNA
BEHL, SC35 5| 91, K A DNA & Mg™ ™ ¥k JiE |
dNTPs Y& J& 5| Y & Taq g &5 5 Bz R
BE S AR (F 1) R Ly (5°) ISR 1%
XK SCoT - PCR 7 1A R LAk, 2 IRE X, 45
AP EARFR 20 L, BN AE BRI 10 x Buffer F 3424
2pL, A1 ddH,0 %p 2 o 4% B DLE R 21T st &
FEPE AT a5t 12 3 B ] 35 A A 1 2SR, 2 IR IE S
2L 2 Y A T U2 A X R K AR Y
F1 537715 KPR UK AR I 2220 TSR L R AP R
Sk R A HATIT o8, NIHEAT N — 2500 704t
1.2.4 #REKRE WRIEER 1 BR300
R FATE AL, 23— PR R U A (] vk B 4 3
B, At 0 3 vk A - Mg® ™ e 2. Ommol - L71
dNTPs ¥ &4 0. 2mmol - L™' Taq fifi /I~ 1. 5U,
I E R 0. 250 wmol - L~" DNA #iHz & 30ng,
1.2.5 R pRZAETHEIER % S5H SCT 714
ik SRR T 18 AN K S AR AR
FEE, IFXT 80 455 | WIHkAT 2 A PE1E , 7 SCoT #E4>
J& Wit i AR R LR AR SR

1.2.6  SCoT 4 F 47/ K B KB AK T 6947 F 1
e FIHEE 75 AME T KH 10 4~ F, 47
SCoT pric iy ik — P ik
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#1 KE SCoT-PCR RREE Ly (5°) ik iigit
Table 1 L, (5°)orthogonal experimental design of soybean SCoT — PCR

AL FRLH A Biti DNA Fil &t iz 30 AL R 519 Taq R4
Treatment Template DNA/ng Mg®* /(mmol + L") dNTPs/ (mmol - L") Primer/ (pmol + L=") Taq polymerase/U
1 15 1.25 0.1 0.125 0.5
2 15 1.50 0.2 0.250 0.7
3 15 2.00 0.3 0.375 1.0
4 15 2.50 0.4 0.500 1.5
5 15 3.00 0.5 0.625 2.0
6 20 1.25 0.2 0.375 1.5
7 20 1.50 0.3 0.500 2.0
8 20 2.00 0.4 0.625 0.5
9 20 2.50 0.5 0.125 0.7
10 20 3.00 0.1 0.250 1.0
11 30 1.25 0.3 0.625 0.7
12 30 1.50 0.4 0.125 1.0
13 30 2.00 0.5 0.250 1.5
14 30 2.50 0.1 0.375 2.0
15 30 3.00 0.2 0.500 0.5
16 40 1.25 0.4 0.250 2.0
17 40 1.50 0.5 0.375 0.5
18 40 2.00 0.1 0.500 0.7
19 40 2.50 0.2 0.625 1.0
20 40 3.00 0.3 0.125 1.5
21 50 1.25 0.5 0.500 1.0
22 50 1.50 0.1 0.625 1.5
23 50 2.00 0.2 0.125 2.0
24 50 2.50 0.3 0.250 0.5
25 50 3.00 0.4 0.375 0.7

2 EREAH
2.1 X SCoT REFRMEZRBIH

Hh IE AR UK A5 (JE1 1) LA th, 25 4k
BMALE Y SRR, SO 4B 16,17 21

Py Ay AR FE 1.9 11 .20 23 P Akl R D Ab B
2.6.7.12 13 Y450 2 HiE M. AUHIESZ BT 1)
FAERA, X IE AT 2 ALY 25 AL BT
FLWOIAT AT 220007, G R LI 2 3 2

M 1 2 3 4 5 6 7 80101112 1314 15 16 1718 19 20 21 22 23 24 25 M

{1 M. DL3000 marker, \7¢ E4 R UCH IEZEH Los (5°) 9 1 ~25 S4B
Note: M. DL3000 marker,1 to 25 corresponding to treatments of Ly (5°)in table 1
El1 KE SCoT-PCR RMEFRIERZRIGMILLER
Fig.1 Results of soybean SCoT — PCR system optimized with orthogonal design

GERIIE R /N BB BEAS P 3R 4% A 7K P Ta] 9 22
St R ZE RN S T3 DR 3R G A G ) 2 TR A
HIPE 2 o NTPs A [R)o 5 i 2 A fb &, s
PSR B 3, ko Mg " e, o R
FE/N . B2 A5 NTPs RJE Mg R
IS T RZKF, HERNRE WAL, 4

dNTPs ¥ BE4bF 0. 2mmol - L', #{H B3 5 FH
MK 585 B R M YRR AT 1.5,
2.0mmol - L~"H, B){H i 25 5 T H B K ¥ Taq
N1 SU I E R, I G S R Wi i FaE . R
PEiti DNA i & K- F I E BoR, Y IHAL T 30ng
I, R IE R, HL UK A5 1 0 R 4 5 | ik 2 1
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EAE LA/, 64 0. 250 wmol - L' L34 %4001 4
LT 1E SR 1 B 1A R O - Mg® ™ e B 2. Ommol
- L' [ANTPs ¥4 0. 2mmol + L™"  Taq i 1N

1.5U B 4% i 4 0. 250wmol + L™" DNA Hifg fil 2000 bp

73 30ng. 1000 bp

20 750 b

- 500 bp

fl 250 bp

N 100 bp

—e— DNA —8—Mg?

—a&— dNTPs

ZBYE  Mean of result

—&— Primer —#— Taq

BE 1 BE2 ¥E3 ¥E4 A5
Meanl Mean2 Mean3 Mean4d Mean5

B2 XE SCoT-PCR EXRWFIHERRSHERIEXR
Fig.2 Relationship between factors and result of
orthogonal design for soybean SCoT —PCR reaction

%2 KESCoT-PCR REFRERZITHEDH
Table 2 Variance analysis of orthogonal
design for soybean SCoT - PCR

N ez Ji % oy F{H
Source Range SS MS F
Mg * 7.00 50.9 12.725 7.60"
dNTPs 11.80 97.3 24.325 14.52*
Primer 2.40 17.3 4.325 2.58
Taq 5.00 29.3 7.325 4.37
DNA 5.20 6.7 1.675

Error 6.7 1.675

Total 208.2

e ox ££0.05 KFELREE

Note: * indicated significant difference at 0.05 level
2.2 HEZXRRRK
2.2.1 # 4 DNA B 2 2F X & SCoT - PCR ¥ ¥ 3¢
RugHre  HIE 3 Al F 78 AU B DNA H] &
S rp AR R 10ng I, JE 86 450, SR
420 A0ng [, 4734 S5 ORI HAA By LG, BAk
A 30 .50ng B S5 TR T, 22 5N, TS 29 Fn ™ 3

RHOR &, ARG 20 WL 47 Hh fidi FURS AR DNA
T EPE 30ng,
2.2.2 Mg "R EsTK & SCoT - PCR ¥ 34 2 R 49 %

ey Mg W IR A AR Taq BEAGTE M, f D14 4%
WD, i m AR R SR R 22 AR . B A
4 FTIE Mg W 2. Ommol « LB, 73 4%
G IR S R S T AR IJH: $
KRG 20l (R F b Mg Fo@E W R 2. Ommol - L',

¥ :M:D 2000 marker; 1 ~5:DNA #4574 10,20 .30 .40 ,50ng
Note: M:D 2000 DNA marker;1 to 5:DNA templates
concentration were 10, 20, 30, 40, 50ng respectively

B3 4%tk DNA 23t K= SCoT - PCR [z J7 Hy &M
Fig.3 Effect of DNA template concentration
on soybean SCoT - PCR

M 1 2 3 4 5

2000 bp

1000 bp
750 bp

500 bp

250 bp

1 :M ;D 2000 marker;1 ~5;Mg®* ¥R 1.25 .
1.52.0.2.53.0mmol - L !

Note:M:D 2000 DNA marker; 1 to 5:Mg?* concentration were
1.25,1.5,2.0, 2.5, 3.0 mmol + L' respectively
E4 Mg REXIAE SCoT - PCR R MR8
Fig.4 Effect of Mg’* concentration on
soybean SCoT — PCR reaction

7 :M:D 2000 marker;
1 ~5.dNTPs ¥ ¥4 0.1.0.2.0.3.0.4.0. 5Smmol - L~!
Note:M:D 2000 DNA marker; 1 to 5:dNTPs concentration
were 0.1,0.2,0.3,0.4,0. 5mmol - L~! respectively
5|5 dNTPs iR EXI A E SCoT - PCR [ Rz {540
Fig.5 Effect of dNTPs concentration on soybean SCoT —PCR
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2.2.3 dNTPs 3 2+ X & SCoT — PCR 4" 3¢ 2 R 49
#em dNTPs J& PCR J b i J5k}, ELHER2 M 3 24
o HES oJLUE Y, 7 H B dNTPs v 55 1) 52 56
H1, dNTPs 34 0. Immol « L™" [}, 3" 34 4% 47 4% /0
dANTPs 2y 0.2 mmol « L™" B 2575 ¥ M \ & 7 P 47 5
dNTPs 3 0. 3mmol « L' DL F i, AT LA 58 H 3% i i)
A S G, EE MEREL. R, $EHR0.2
mmol + L~ A3l ANTPs e,

2.2.4 314k EsT K 5 SCoT — PCR ¥ 38 % R 69 %
W B 6 AIE 7R R BUE S | Yk R L, 5
Y X} K G SCoT — PCR ™ BRI 52 Wi %58 /) , H,
VKA, 220K, 5 B B 400 e e vk 52
JE, 53 5 | W i 264 0. 250 ol - L1

2000 bp

1000 bp
750 bp

500 by

250 bp

71 :M:D 2000 marker;1 ~5.5[4¥JE # 0.125
0.250.,0.375.0.500.0. 625 wmol - 7!

Note:M:D 2000 DNA marker; 1 to 5:Primer concentration were

0.125,0.250,0.375,0.500,0.625umol - L ~! respectively

6 SlMKREXAE SCoT - PCR [ 7 #9500

Fig.6 Effect of primer concentration
on soybean SCoT - PCR

v 1 2

3 4 5

2000 bp

1000 bp
750 bp

500 bp

250 bp

7 :M:D 2000 marker;1 ~5:Taq B4
F#>40.5.0.7.1.0.1.5.2.0U
Note:M:D 2000 DNA marker;1 to 5;dosage of Taq
polymerase were 0.5, 0.7, 1.0, 1.5, 2.0U respectively
E7 Taq BAEAEX AT SCoT —PCR % 5200
Fig.7 Effect of dosage of Taq polymerase
on soybean SCoT - PCR

2.2.5 Taq & A& 3F X & SCoT - PCR 3 A R 49
Hom Taq W RS 8 - 8, 1w &

PR SR o TE R MU Taq B RS2,
Hi &l 7 AT Y, Taq BEHIEE R 0. 5U I, T4 1 45
MH R 0.7U.,1.0U 2. 0U B4 8410 T8 i 4%
i RN HE VR Taq B &R 1.5U B,
LUK 5T BT T, 2280 e M. R, AR
Taq ffi& B H&E R 1.5U,

2.2.6 iBKEEAT K Z SCoT - PCR ¥ 325 R 69 %
vy B JGREJERE PCR RN BB N E, di&l 8
LU A S R KR XS SCoT — PCR 473 2%
WA PR, 2B GREN 52,1 ~54. 0°C Y,
PIG ST BT I D, R S R 5 5 AR R B AE 45,0

~50. 4°C I, By R A7 L2 50. 4°C B4
[ A i O B ELAS SRR . PR, AR B0
20,uL. fF R KIRIE T 50. 4°C B T

M 1 2 3 4 5 ] 7 3

3000 bp
2000 bp
1500 bp

1 000 tp
750 bp

500 by

250 bp

72 :M: DL 3000 marker;1 ~8 38 ki #45.0.45.6,
46.7 48.3.50.4 .52.1.,53.2 .54.0C
Note: M:DL 3000 DNA marker;1 to 8 :annealing temperature were
45.0,45.6,46.7,48.3,50.4,52.1,53.2,54.0°C respectively
8 BABEXAE SCoT -PCR KKK
Fig.8 Effect of annealing temperature
on soybean SCoT - PCR

2.3 SCoT -PCR KMk ZFaEMISIE

WA ) 20wl K & SCoT - PCR [ Wik %,
PL5 |9 SC35 Xf 18 N K E st fT 914, &l 9 1]
W AR AR 3G S5l B e e, H 2B EFEE
AT K G FN P 3 A e P I PR3 S it ol
] s 1% 22 5, RUIZ AR A R AR H 3 Tk & SCoT
- PCR 7347,
2.4 SCoT 3|41k

2 AL K 5 SCoT — PCRJ i 1k 2 S k4
T RIEFIA] DNAXT 82 455 | Wik 47 Z 8 PETR % , 45
RWIR,T1 251 WRed 3G H I i AT ) 5% B
SIS R L ~ 14 FREE H A 32 51 g
PRI HFEE M2 SHAW, SIra s
39.02% , #5351 99 HRCR WA 10,
2.5 SCoT HFRIBEREXZXERIBVVT &=

R U IE

I FHEEST ) SCoT {R R X F 75 A B 0
F 10 #% F, #F47 PCR P35 FIHL Pk Rz I o 4548 SR
PS5, 1S WA 250 ~ 3 000bp Z 1], If:
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HAEZRSS G AR I B T RCRMIRLEFIEAN S BB, 514 SC35 \SC31 445 R ILIET 11,

::M: DL 3000 marker; CK yBAMEXT B ;1 ~ 18 Al JA T 4k T2 46 \Decabig /N4 AR FENURIH RGBT H .
BFIR AR 03 - 7239 R T Weber Hack /INVRIFR T & 5 67 AR A9 & R BT FE 9 5
Note : M: DL3000 DNA Marker; CK ; negative control;1 to 18 ;Local black soybean, Tiedou 46, Decabig, Xiaojinhuang, Tiejiasilihuang, Qing” anheidou ,
Qingdou, Huangbaozhu, Gongye03 —7239, Duludou, Weber, Hack, Xiaolimoshidou, Jiyu67, Helongyoutai, Dunajika, Tiejiazi, Mengdou 9
E9 3514 SC35 3t 18 MK EMFHET SCoT —PCR 3
Fig.9 SCoT - PCR amplification of 18 soybeans varieties by using primer SC35

117, DA S« S (> S e 7.~ " | 0 [ {2 0 . A

71 :M:DL 3000 marker;1 ~15. SCoT 5|4 SC4,12,14,15,
21,22,27,31,32,35,67,72,81,82,18
Note ; M: DL 3000 DNA marker; 1 to 15:SCoT primers as
SC4,12,14,15,21,22,27,31,32,35,67,72,81,82,18
E 10 #4)> SCoT 5| #iFiE 4R

Fig. 10 Part of SCoT primer screening results

3 000bp—>
2 000bp—>
1 500bp—>]
1 000bp—>

750 bp—>
500 bp—p
250bp—p

115 :M:DL 3000 marker;1: 7% 75;2 . AHEE 3 ~12.H5F 75 x RpBEH F, J510
Note:M:DL 3000 DNA marker; 1 leu75 2, Local black Gnyhean ;3 to 12 : progenies from J1yu75 x Local black soybean
11 314 SC35( L) 71 SC31(F) W& 75 AN ES B HF 3 FAM Y HE S
Fig.11 Amplification profiles of F, hybrids and thelr parents by primer SC35(up) and SC31(down)
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3 W54

SCoT FRICAEH—F LT PCR HA M B %143 T
PRIC, HLA R (2 ORASR e B B T 2
AR AT B B S B 2 R
L Il B 8 ZREPERIE S R, PCR
BEPR R 3Z 185 2 N & 52, Tag B AT Mg™ " ¥k
Ji Bt DNA JH 4 ANTPs ¥ 2 15 | 90k 3 45 4% )
O A3 A XA B B S e i S P A
s R, SR SCoT 43 FARIC I A 26 B4 SCoT
- PCR R ZHATIAL .

PCR RS R R ARAL Y 7 AR 2, — MR F IE A2
RISV A R R R T 1F 2R BT L PCR
R 2 B0y B S 1 SC & SR Y 3% T A
LR HEE PCR SR R4 N R M HS AR, Bk
8 R AT 7 IR I R, D IR ) A
RIS A , U e T o E% e —
) Jra B, BRI Ao LY A6 4T A R, AR ol g A%
SR IR IS e S5 P 5 ) DR AR AN TR, 2 L
B RS 25 S k. B DR R AR IR RE X A PR &
BAAL , B B, R AR K E4 3308 o
B, BE M A 5 1 HH % PR R B B LR Tt 1207 12 e 4
TEF YA A — AN K [ HAR LA N Z i, A
LIS AT IR S , X REBE RS BE % 48 PCR
A 2 H A% L3 158 AR T, R RE AR TIE 4% 2 40 fie o
WAL A R R AR . I, AR TE
KT SCoT - PCR Jz Wi{Ak R BARIRALI , 454 2 Ry
PRI AR A, R RN FE R L EIE, A R E
PCR SRt & o

AR L, R AW, 7E— E WL Y, ANTPs 3
JEXF R SCoT 4 45 sk, ix Sk A £
sk M SR A5 e — B, HORE Mg® T YR,
PRI ZE 0} PCR 4 3445 A — 5 RS I, (EL R Rk 3 i
ZOKF-. ANTPs Y& BRI 380K, =0,
R PE I A RIB AR R RSN, o T B 1
T T, Mg W R 2RI Tag BEAY
TENE, G S D B RN A i i A
SRS Y 3, X N R E T S
WFSE4 AR —B . ARBFFE A5 | Py e X 1 45 SR
WAR /N, TREHE DNA FH | Taq i X 52 R 1A £
(19 S R T S K A B D B4R 2 R A —
(925 5, 1EAC IR A S R, ST R 207 1 2%
FRR% W R 235, TB R R R  h, E AT
10ng 10. 5U IHERBEA 3974y . HLIR PR ] gL 1
SEVETHE 20 10 % 1 R R B ORI B 2 (0] 2 .

PER i R R i v, BRI 7 A/ FSOCR X b B
W1, B L DNA Fl 4 Taq g I A9 52 0 o i 30
ko Bk, 7E 34T K 5 SCoT - PCR W & & 11k
I, S HEAS B B 53 SCoT — PCR O hi 14 2
AR SR 52 Wi [R5, 020 W 5 4 — PR 3R A R Ik 3
(JHE) JEE 285 A B 3R i 25 A B - i —
WAL, 545 00 2 B3 ik IR 4 R s A R
. SCoT — PCR e SN IR R, 3% 5 3K 5 2™
&5 —3.

AR5 2 1) 20 L K F e fE SCoT - PCR A 5
ﬂ\j;Mg“‘]}{Uﬁ 2.0mmol - L' Taq BEHEHARE N5
U. 5|9k A 0. 250 wmol - L' . dNTPs ¥k 40.2
mmol + L' \DNA ik i & 30ng, | F A BT
U8 ¥, 2238 Ja AR 280 B0 ik T i M 3R i AR M I
SCoT AR AR A RN . WP T 32 235
PEBEF Y SCoT 519, 4 5 B et A4 Z Ao B o3
THRICH B P B MRS R A
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