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Abstract: Safflower is a traditional medicinal plant, and also a new kind of o0il economic crops. In this paper,
the SRAP technology was used to analysis 11 safflower varieties. A SRAP-DNA PCR amplification system
was established and optimized. The reaction mixture system was decreased from 25 pL to 10 uL, which con-
tained: Taq DNA polymerase 0.04 u/uL, dNTP 0.20 mM, primers 0.3 mM, MgCl, 2.0 mM, genomic DNA
template 20 ng. In order to test the stability of SRAP-PCR system, the PCR amplification and polyacrylamide
gel electrophoresis were used to analyse 11 safflower varieties with 35 primer pairs. 25 pairs of primers com-
bination with polymorphism bands and 308 clear bands were obtained, 35 percent (109/308) bands were po-
lymorphic. Therefore, the SRAP molecular marker system for safflower variety assessment was reliable. This
research had put the foundation for genetic diversity research and molecular marker-assisted breeding of saf-
flower.
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W B aAMEASRAHEY), MR —FEiRMR 2 EY . AR SRAP HAN KT AN
HUIX FR 11 ANLAR S FEAT T 25 /0T . BEAL T 4146 4 SRAP-DNA [1) PCR ¥ #8844k R 34T T Ak,
=R AR R VAR FR 25 pL A 10 pL, R REHE: Taq BEKSE 0.04 u/pl, dNTP KN 0.2 mM,
IERBIMIHE S 0.3 mM, Mg #KE 2.0 mM, DNA B 20 ng. AMIMZIILIA R iRaE1E, %
T 35 S BI4LA % 11 AN AR T 3R E AN E XA L0465 FPE AT PCR 3748 0 3R 9 s Ik A B e FL vk, O
e 25 X EA 2B SIMAE, TS T 308 AiEMWIA, b 109 £FEAZEME, ERR
35%, VLB SRAP 4r FARich T ZLAERN AN R i F S5 U8 RGVFAL 2 56 A AT . 4046 SRAP B4

HAWH . BB L X R A AR RS SR B AR RS H (HZY 11043).
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41 1¢(Carthamus tinctorius L.) A3 R ZL1E)E 1~2
EAKEY), LG AL, HOAE. ROAEE,
HER. 5. JopbAiaelSE 2 Hik, =R
A, FESRIIPLE . U, WEhRe )1, Amtei. &
FEIR K, IZRRIE T, PURg I A i X . 3K
[ 2L D s A&, AR DURENA O¢ T2 e Rk Al
e AR A BRI R ME TR,
ik R mum e I, SRR iR £, K
MR ARSI BRI AESETh Rk, HardE e
Pl R B REE. . . RSN,
WAER, W T AAEH S DR WO S, ZLAE R A
T AR AWK, FEM 2046 5 o ) = EE R R S 7
FEAUKT ()77 B ZLARKT 00 25 28 DL S Je ol A 3 AR 55
JiTHl

SRAP(Sequence-Related Amplified Polymorphism)
& Li 252001) e ZEZ AR b T I & —Fhog A
T RRCHIAR o ZEARFF IE S 51 s I i 5] A
(ORFs)[X 1%, IE[EGI4K N 17 bp, 5 imIFUAHT 10 bp
e —BIHAFY], AR SRR N, BB R e
3 CCGG, BEEH 3 M A B rEmdE, 1Em 5]
Vit b B XIRBEAT Y4, e e 51 PR AR 1E 1) 5
YRl XAMET RIA5IHK 18 bp, HAFHIKA
11 bp, BEEREFFH AATT, 354 3 4 bp HIER
PEBRCES, S In) 5100 N - XIOR R ) X ST 4
B, AERFNBELRA P 5 B OL R oo FE R 4 4T PCR
P38, iZARiCAH B RAPD. AFLP. SSR %% HL o Fhx
WME, Wik 7 lAE . BORER L RAPD EE
PEZE. SSR FIM¥ it 75 EEIAE R1IE 7 A0S BB A,
BARME. hreg, mdtB v, 5T 038 %0 N
FERERH A At . B AT & ERRTED
LY JUNE . UGN Y\ GO T T B SE N
IKAEVE R DT 52 AP AR RO 2 (R, IR 12
TR, JER AL, 8L 2 A DL R LR 2 (]
HEEITHIBE TS . AT, EAXTZAER BT 2
SRS R TR LR K Ve U =
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U7 A 43 R F 43 F AR i 3 LR REA T8 3 1T 1
WS, KT ARG TR AR T
b, ASSCHLEESLIFRAL SRAP ZLAEHT SOSAA 22, %)
1L ANCLAE SR EEAT Y8, K™ W AT R I IR e Bt G
R, Y g 2 S S R E T

2. M5 5F%
2.1, MR

AT TR FH I 2L A6 A B T v g BRGJR OK iR
=, AAEMRTEHLLER 1o SR, BEiE IR
WK AR T, BT DNA $EE—80°CUKAH{RAT .

Taq %5 buffer ¥ H Fermentas A ], dNTP
AP KRAF, 51PN B HRIER N 5 A
H A

2.2. DNA BJ12EY

KH CTAB kit A e 43 N4l DNA, A
ASGIRANR . EUALAEHH 1.0 g, R BE B A e A
1.5mL B0 S A 12%CTAB, 65°C/K# 1h; N
NEEARFAG AT/ IR EE(24/1), PRI%GIES) 20 min; fE%E
15T H 8000 rpm (133 £ B 0r 20 min, HU_EiE; BN
NEARFUE /7 B4/ DI $E, R 20 min, =EiE
~ 8000 rpm 0> 20 min, HULIEW; IO 2/3 fRF
EE, R, =i 8000 rpm &0 10 min, % EiF;
FH 500 pL 75% L BEHF P UTHE, 8000 rpm i 10 min,
Z b3, 78T N 200 uL TE % f#, —20CIRAT

Table 1. Thevaritiesand original field of safflower
® 1L giEMB 5=

M5 AR ETRS [LES gt

1 PEZETEH i 2 [f=¥awia )
3 FIIHZLAE =H 4 PIRZLAE Lt
5 i eAnia ] 6 SESEW | IIES
7 [ap%awa ) 8 BB iE ITES
9 JRZRLAE AL 10 BRRELLqe R

11 ma4=5 P
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%H .
2.3. 42I7£ DNA-SRAP PCR ¥ #8{k &%t

23.1. 3140k
SR e RO 2.

2.3.2. SRAP i/ 1#8i2FF

R4 Li A1 Quiros® [k PCR FHE & TL: 94°C
TASPE 5 min; 94°CAEME 1 min, 35°CE 1 1 min, 72°C
FEAH 1.5 min, fEHR 5 K: 94°CAME 1 min, 49°CHE M
1 min, 72°C ZE{# 1.5 min, 7H#£ 35 #K; 72°C ZE{H# 10 min;
4CIRAT

2.3.3. SRAP-PCR # i {x R0t

I8 N AR R BN 10 pL, HAEt Taq B
WE(0.2 us 0.4 u. 0.6 u), ANTP #/E (0.1 mM. 0.2 mM.
0.3 mM), 5I¥¥E0.3 mM. 0.35 mM. 0.4 mM)=[X
T KPR 27 RIGBRRESER (IR 3), Mg WRFE(0.5
mM. 0.8 mM. 1.1 mM. 1.4 mM. 1.7mM. 2.0 mM.
23mM. 2.6 mM. 2.9 mM. 3.2 mM)#RE &K
(R TH P55 S5

3. GRENH

AWK A CTAB Sl 3418 3: R 2H DNA,

Table 2. The sequence of the SRAP primer
% 2. SRAP 3|#IF51

iat kY| Fe5i THEEIY Fe5

Mel TGA GTCCAAA CCGG AAA Eml GACTGCGTACG AATT AAT
Me2 TGA GTCCAAA CCGG AAT Em2 GACTGCGTACG AATT AAC
Me3 TGA GTCCAAA CCGG AAC Em3 GACTGCGTACG AATT ATG
Me4 TGA GTCCAAA CCGG AAG Em4 GACTGCGTACG AATTACG
Me5 TGA GTCCAAA CCGG ATA Em5 GACTGCGTACG AATT AGC

Emé6 GACTGCGTACG AATT TAG

Em7 GACTGCGTACG AATT TGA

Table 3. Thereaction concentrations of the Tag DNA polymerase, dNTPsand primers

% 3. Taq B§. dNTPs F13|4KRE

s Taq Fff(u/uL) dNTPs(mM) 514 (mM) s Taq Fff(u/uL) dNTPs(mM) 517 (mM)
1 0.02 0.1 03 15 0.04 0.2 0.4
2 0.02 0.1 0.35 16 0.04 0.3 0.3
3 0.02 0.1 0.4 17 0.04 0.3 0.35
4 0.02 0.2 03 18 0.04 03 0.4
5 0.02 0.2 0.35 19 0.06 0.1 03
6 0.02 0.2 0.4 20 0.06 0.1 0.35
7 0.02 0.3 0.3 21 0.06 0.1 0.4
8 0.02 0.3 0.35 22 0.06 0.2 03
9 0.02 0.3 0.4 23 0.06 0.2 0.35
10 0.04 0.1 0.3 24 0.06 0.2 0.4
11 0.04 0.1 0.35 25 0.06 0.3 0.3
12 0.04 0.1 0.4 26 0.06 03 0.35
13 0.04 0.2 03 27 0.06 03 0.4
14 0.04 0.2 0.35
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21 4¥(Carthamus tinctorius L.)SRAP [ ik 2 BT 514k KXt 11 ANLLAE SR SE R 19120 o0 #r

FEEL 7290 /2 Lo /2 SRAP M B3Rk, 2% CRiE
SCHR[20], 7E 25 R B A Z B DNA 20 ng.

RIEH 3 BE(T Taq B, ANTPs. SIMI=RKWKE
B, A 3G BRI RE R . HE I 1 455K, Taq
WERVAR JEE KT 184 7= 375 B P 52 M LK, 24 Taq BRR N
0.02 w/pL B4 =05 i85 . SIMIREETE 0.3~0.4
mM YO, FERFPAEGI R, WK
AN K . NTPs 16 5= 4 1 J5 ) 7 22 2 &
SRR IR S EER, L dNTPs WKER 0.2
mM.
DR AR = W R e e S e e PSRN, e BRI 1 28
13 SKiE, € Taq BEKEEN: 0.04 u/pl, dNTP K
EH: 02mM, SIPIKEN: 0.3 mM.

AR TR M IR FEREAT T AN K (R 1 525
FKe 18 = AT B AR MR AN . A 2 AT DU
4 Mg> WK EELE 0.5 mM I 265055, T 7EIRE > 2.6
mM N & 2859 . £ 1.5 mM~2.6 mM KISEEN, 37
WL R 2R, FibE Mg™ R 2.0 mM.

FIFHRACJE BOAR 2, X 11 ANZ0AE SR T SRAP

123456 789 101112131415161718192021222324 M 2526 27M

M 4 maker: DL2000, M F2F 435129 2000 bp. 1000 bp. 750 bp. 500
bp. 250 bp. 100 bp.

Figure 1. Thereaction concentrations of the Tag DNA polymerase,
dNTPs, and primers
1.Taq 8. dNTP. SIM=ERKREXREHHNE

1~10 2} BT MgZWE N 0.5, 0.8, 1.1 1.4, 1.7, 2.0, 23,
2.6+ 2.9, 3.2 (mM), M A maker: DL2000, M _LZ R340
2000 bp~ 1000 bp. 750 bp~ 500 bp. 250 bp~ 100 bp.

Figure 2. Effect of Mg? concentration to the SRAP reaction
2. M@?*%F SRAP-PCR [ I ARSI
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SN, 37 3 7= 400 FH SR R M T Bt P r ik ksl o [ 3 45
REIR, AR RY GO LA AR, TS5 I,

2R, EAWHE. EERK, TR RN,
HE MR, RWZERIEH T4/ DNA-SRAP %
No BRAKRR, EH 35 X514 44T PCR ¥
AR IR BERL ik, i 25 ST EA 25 M%
WHIBIAE, 15T 308 2&iEmMI&H, Hed 109
KEAZENE, RN IS%EE R,

4. Wi

7E SRAP Jx bR AESR A Fase « TEMT Y 174,
U oS AR (1 R A2 5 i P B2 SR AR 78 . DN [ $2 B 2 o
FRELEBEAR. RNA. 2. XMLy T
YR, #£ SRAP-PCR J NAK &, Taq BEKEE. 5l
YRR . ANTP WKJE. Mg W B 1 SR e
R, Taq BEREVE R AR M™, Mg™WREZK)
W B KA 2 PR Taq BEHEYE, M S 18 250%
WECE R TBA Y. 1t ANTPs W& 75 & M K& G
R FE 2R DNA F B ERE, 1 s dNTPs ¥R
SSEEHRBN, SRS SET R TR, MY
IR, WSS SRS G2 T, 5IMkE
S SRR R Y, SRS ER Y (H]
TR 54 — AR,

AR SEHEAT Taq B ANTP. 51 = AR E W E
Ak, X M W REATHAE , e itk
PIRFARFRAN: Taq BRARE 0.04 wpul, dNTP ¥ 0.2

I~11 AR RS

Figure 3. PAGE analysis of different Varieties of safflower with the
selected reaction system(Primers M e4/Em6)
3. MRS RXT A ERMLLIEEIT PAGE S4R(5140
M e4/Em6)
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mM, S 0.3 mM, Mg® 2.0 mM, DNA ftR &
20 ng, RRESAEF10 plo FEASZIGH, HIE 1 AT
F i, Taq BT N REMA A i, A R B I K
FAr LS. LRI AR R E M 25 W R R, At
Forf, N TR E SRAP HIT 2048 5 A YRS
MIRTATIE, AR T a0 T2 EA R XER 11 A
A AE R A R, EHORA T B/ANMO R NAR R, B
10 ul &%, HERZ@EERA RN AR RE, 1EifiE
5 P S SR AR 51 4, [ IR v AR R A o AR
Kl 3 f¥] PAGE SBa 4t Bk , AL 51 PCR 14 R RE 8
P8 R AHEI 2T o %51 S MedEm6 38
12 %71, TEMIH 8 5%, BAZAMALLNIAKNH 4
%

HEHTRIEP I EL A B T 30 X+ SRAP 5|4
XF 23 ANOAETFIAN 2 NBAAC AT T M, 15
FI| 485 255415, LAV 152740, ZMEELER 57%20,
AL FBSERLLACT A A0 T AR 11 AN 5
FRHEAT THEFL, 35 W51k ok 25 XI5 AA
2L, B3 308 KIEWI&T, 109 K& HAA
2N, WEHN 35%, IXULIHFELAER Py R 1) 2 Sz
AR TR BN Z R . SRAP 7EH At f
IS 90% [ 22 A5 P 4 s LR P, AR ST R 41 4
Rl Z S LE A 35%, 2251 L RARX UK, X
R RE T Ao Aere i E AR D e, FEHALFE SR T
HE A DX B L, BT AAS [R] B 2D AR SR 0k R AR
i, SEARFAL SR, SRAP EAFEYIR A2 2
VbR SR, NMiZd 5 5y R R 477 00
SRR G, B TEE NAZAR I LA S50 20 A e LA
Tty L B RTAT 1 o ASHIF 9T HR i P IANAN: 35 55
Y, ZAMELREBIET] 35%, FHZE R R X 4 A
il ULEH SRAP XFZLAERN AT SR R ATV AL 2 58
AT BHAT, X E N HARLLAEAS [F Rl DA TR 2
SRAP SRRk IEAE ARSI = AT 2 H, XAk
B H AT Z LR R SR GO R BT 5. T
Al DA DU RE B TAERRME T BRI T A.
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