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New primers design and reaction system optimization of restriction
site amplified polymorphism (RSAP) marker technique
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Abstract: [Objective] RSAP marker technique was improved and its reaction system was optimized.
[Method] The sequence of restriction site (4-6 bases) located in the middle, three selective nucleotides
were added to its 3'end and 10 to 12 bases long of random sequence lied in its 5'end. Fourteen new primers
of restriction site amplified polymorphism (RSAP) were redesigned 19 nucleotides long. Then,using DNA
from inbreed lines” young leaves of Chinese cabbage (Brassica campestris L. ssp. Pekinensis) , Purple-caitai
(Brassica compestris L. var. purpurea Bailey)and their F, ,F, as trial materials,its reaction system was op-
timized and reproducibility and applicabtivity were tested. [Result] PCR amplification of new primers was
run for the first 5 cycles with an annealing temperature of 35 C,f{ollowed by 35 cycles with an annealing
temperature of 52 C;the optimum PCR reaction system of 25 pL included 2. 0 pL. DNA templates (20. 0
ng/pl) 3.0 ul of Mg’" (25 mmol/L).1.5 U of Tag DNA polymerase,2. 0 uL. of dNTPs (2. 5 mmol/L)
and 0. 6 pL of each primers (10 pmol/L). New primers could amplify more strips and polymorphism was
better than former primers. In the varieties of buckwheat and wheat,new primer could amplify vivid strips

too. [ Conclusion) The applicability and reproductivity of new primers were very good, and application
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94S17-1(Py) S I Ty (F, , 35 ol P AU AR} £ K~ el
SEBEARRBARM: FERR 1L S 2 5
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Table 1 New primers of RSAP
GIE7E 8= 51975 R A 57 a5 R A 1 ) g
Primer No. Primer sequence Restriction site Restriction enzyme
Rsl 5'-TGCCAGCCACGAATTCAGC-3' GAATTC EcoR T
Rsla 5'-“TGCCAGCCACGAATTCATG-3' GAATTC EcoR |
Rs2 5'-TGCCAGCCACAAGCTTAGC-3’ AAGCTT Hind [l
Rs2a 5'-TGCCAGCCACAAGCTTATG-3' AAGCTT Hind I
Rs3 5'-TACgACgCACGGATCCATT-3' GGATCC BamH [
Rs4 5'-GGCCAGCCGCTTTAAAATC-3’ TTTAAA Dra |
Rs5 5'-TgCCAgCCACGATATCATG-3' GATATC EcoR V
Rs6 5'-TgCCAgCCACAGATCTATG-3' AGATCT Bgl 1l
Rs7 5'-TGCCAGCCAACTGCAGATT-3' CTGCAG Pst 1
Rs8 5'-TGCCAGCCACTCTAGAATG-3' TCTAGA Xba |
Rs9 5'-TgCCAgCCACATGCATATG -3/ ATGCAT Nsi 1
Rs10 5'-gTTgCCAgCCACTCGAATT-3' TCGA Taq 1
Rsll 5'-gTTgCCAgCCACGATCATT-3' GATC Mbo |
Rsl2 5'-g TTgCCAgCCACTTAACTG-3' TTAA Mse |
®2 PCREEWEAZRHEAE
Table 2 Factors and amount of PCR reaction
W [H % Factors
EJE\II it DNA (20. 0 ng/pl) /pl Mg?* Taq (5 U/pl) /U dNTPs 51410 pmol/L) /pL
DNA template (25 mmol/L)/pL Taq polymerase (2.5 mmol/L)/pl Primer
1 1.0 2.0 0.5 1.5 0.4
2 1.5 2.5 1.0 2.0 0.6
3 2.0 3.0 1.5 2.5 0.8
4 2.5 3.5 2.0 3.0 1.0
1.2.5 #H&EH51 BRI DI HERG KR X 1.2.8 F4hestm P =Y RHABEERERN

AT AH [R) B P2 8 8 51 4 5 SR 5 | g AT 3 3 245
BB VA DAL S5 R 04T SR 5 1 B B 3 1K
RGNS H ke e % ST 1) RSAP HR . Hi5
Wk 51 4 4 Rsl-Rs2, Ji 51 ¥ #% | R3-R5,R3
BB FE5 R 5 -GACTGCGTACATGAATTC-3',
B il P4 137 258 GAATTC; RS 5197518 5'-TT-
GGGATATCGGAAGCTT-3", FR il £ 7 & N
AAGCTT, BHCH SR E AL RMKAEARLR
) DNA,

UEAN  FELRFEB 519 5 0 17 3 R AR [ A4 L 3
1 B AR 3" S ) 3 A R B I B A A AR
fk.
1.2.6 #3514y ¥geT L man NEIEHSY
AV A DR AR Ik AR RS DL R 3R S S
K F, 19 DNA REif >R Rsd-Rsla 5|4 &,
g7 2 WGHEATY N .
1.2.7 #3531 4ehE A an  DIRAEH/NEZ
FEHELS 2 A R AR R Rsl-Rs2a 5| ¥ #E47
RSAP 48, LI 505 5| 9 1 35 % .

8 V0 P I A5 P SR TN s T Y A A T R UK L AR e A, AR
TP 2 B2 7 A5 00 O i 3 n DA ek, B s (AR AR
IYER 109 2B AR BB 0. 5% vk 1R 10 ~ 12
min 1 YK ;3535 O B R 0.2 %0 B il iR AR 7K 7 80
10~12 min; Z&M/KEYE 30 s 1 ¥K;0.002 g/L &1t
T TR M 119 7KV TR 30 s S (L REVR B 1. 50 &
AALEN RF 0 400 B F A VE . T A R K
TPk e A

2 AR5
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il AHLL 52 C 1S 45105 2 B U 8O B B0
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2.2 FEI¥WRERNERMMKEN

L 2 AT O B AR FR v 4% PR I OR [R] 4
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B 1 #r5l4 PCR IR JCB B i1k
1~2.3~4.,5~6,7~8,9~10. i KL FE 435y 46.48.50,52 Al
54 C551%10 Rs1-Rs2; LS YKGEBAR Ny P s XS TNy Pe

Fig.1 Optimization of RSAP annealing temperature
with new primers
1—2.3—4.5—6.7—8,9—10. Annealing temperature were 46,

48,50,52 and 54 C respectively; Primer combination

was Rs1-Rs2;0dd lanes P; ; Even lanes P,

X AT 2 2% UK TE ) 2% 1 ROR0 5 I RE BE AT 48 T A

M1 234567 8910111213141516

&2 B g e A O AR & i Ak
M. DNA Marker; 1~16. 1F 3855 19 A [] 4b 3 5
31409 Rs7T-Rs8: 45 y Py
Fig. 2 Optimization of RSAP reaction system
with new primers
M. DNA Marker;1—16. Different treatments of orthogonal

experiment; Primer combination was Rs7-Rs8; DNA template was Py

M 45 Ak AT 2 AR 0 E L 3.

x3 FEMPCRENERHEZIXNIEER

Table 3 Results of orthogonal experiment for PCR reaction system with new primers

E BRDNA Tag B NP 514 BAHC L 4
Treatment DNA template Taq polymerase Primer Strip number  Definition Score
1 1(1.0) 1(2.0) 1€0.5) 1(1.5) 1¢0. 4 8 5 8.42
2 2(1.5) 1(2.0) 2(1.0) 2(2.0) 2(0.6) 2 3 4.05
3 3(2.0) 1(2.0) 3(1.5) 3(2.5) 3(0.8) 16 5 11.27
4 4(2.5) 1(2.0) 4(2.0) 4(3.0) 4(1.0) 22 9 17. 86
5 1(1.0) 2(2.5) 1€0.5) 3(2.5) 4(1.0) 3 1 2.18
6 2(1.5) 2(2.5) 2(1.0) 4(3.0) 3(0.8) 16 7 13. 49
7 3(2.0) 2(2.5) 3(1.5) 1(1.5) 2(0.6) 28 9 20.0
8 4(2.5) 2(2.5) 4(2.0) 2(2.0) 1¢0. 4) 1 7 8.13
9 1(1.0) 3(3.0) 1€0.5) 4(3.0) 2(0.6) 16 7 13.49
10 2(1.5) 3(3.0) 2(1.0) 3(2.5) 1¢0. 19 7 14. 56
11 3(2.0) 3(3.0) 3(1.5) 2(2.0) 4(1.0) 11 3 7.26
12 4(2.5) 3(3.0) 4(2.0) 1(1.5) 3(0.8) 0 0 0. 00
13 1(1.0) 4(3.5) 1€0.5) 2(2.0) 3(0.8) 0 0.00
14 2(1.5) 4(3.5) 2(1.0) 1(1.5) 4(1.0) 3 1 2.18
15 3(2.0) 4(3.5) 3(1.5) 4(3.0) 1¢0. 4) 16 5 11. 27
16 4(2.5) 4(3.5) 4(2.0) 3(2.5) 2(0.6) 17 7 13.85
K1 41. 60 24.09 43.02 30. 60 42.38
K2 43. 80 34.28 17.50 19. 44 51.39
K3 35.31 49. 80 35.07 41. 86 24.76
K4 27.30 39. 84 52.42 56.11 29.48
k1 10. 40 6.02 10.76 7.65 10. 60
k2 10. 95 8.57 4. 38 4. 86 12.85
k3 8.83 12.45 8. 77 10. 47 6.19
k4 6.83 9.96 13.11 14.03 7.37
R 4.13 6.43 8.73 9.17 6. 66

Xt 3 HEAT IE AT 3 A 5 Fh B 22 A B R/ AT
LAAD A 4 W Hh BB A 2R v 4% DR 3R B 5 T R /AR T

B
)2

H:dNTPs > Taq B> 5% >Mg"" ># it DNA,
Yot 2 4% IR 2R 5% e K /N Y R B 3R AT AR A0 A Rl
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25 pL PR Z 45 2 0 e 445 o - B4R DNA
1.5 uL.Mg®" 3.0 pL.Taq i 2 U.dNTPs 3.0 pL.
FIA 0.6 pl, Zoad 5 S Bral g P He 45 R i
BT R 2 T B L R R R E 25 pl )
R 3 4% 1 2 10 B 4L 48« B DNA 2.0 L,
Mg’ 3.0 pL.Taq 1.5 U.dNTPs 2.0 uL. 3%

[3 BB S RS i A R R
M. DNA Marker; 1~2. 5|45 Rs1-Rs2;
3~4.5|¥)8 R3-R5;1.3.P132.4. P,
Fig. 3 Comparison of amplification profile
with new primer and former primer
M. DNA Marker;1—2. Primer combination was Rs1-Rs2;
3—4. Primer combination was R3-R5;1,3.P1;2,4. P,

HITET 4 0] RUA R s e Bl L 7 i 35
EING R D R G K 7/h e e W L AR ]
HAT LIS 2 5514 .

2.4 WSy BERNESNS

HIE 5 AT UL BEALIE JH BT 51 45 Rsd-Rsla

(2 A 1S 45 R0 W — 20 B BDE O S i i 4
GERE M R ML BEUS IR IR N AF R .
2.5 #ElHHERHE

N BI#HE Rsl-Rs2a, I/NEFFEES 2 4
mn R EATY G L AR ILE 6. NIEL 6 AT LLE H L L
LS5 1 BN AR Z o 8 5 W) X BEAR U 3t 7E /N 22 R 5+
2 il Z A U A

PLEESEEL R I3 M By GFy it i 51 )
A RsT-Rs8 Y HGE LI 7, B 7 by 18 i i
WA, 2% Sy W . U W] G ) RSAP H AR I T
ZAEY R DNA Frid AR .

% 0.6 ul,
2.3 FESIMERESIMTEERNILER

M & 3 AT LA 1 Bt o1 i 1 By s e T
Z AT, ARSI 5 N F 5 R A 1 i
PN BAE 3 U 3 A 3 R B L FL T 45 2R DL IR
4,

B4 H g Y e B R AR S I G 45 R
M. DNA Marker;1~3. 5]#) 5 Rsla-Rs2a;4~6. 5|4 & Rs1-Rs2;
1.4.P1;2.5.F1;3,6.P,

Fig. 4 Comparison of primers Rsla-Rs2a and Rs1-Rs2 with

changing one of three selective nucleotides
M. DNA Marker;1—3. Primer combination was Rsla-Rs2a;
4—6. Primer combination was Rs1-Rs2;1,4. P;;2.5.F;;3,6. P,
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K5 #5444 Red-Rsla B E P #4255
M. DNA Marker;1,4. P;;2,5. F1;3,6. P,
Fig. 5 Comparison of RSAP profile amplified in two
repeats with new primer Rs4-Rsla

M. DNA Marker;1,4. Py;2,5. F1;3,6. P,
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6 Bt iy RSAP SORTEFRZ FI/N 2 L B9
1~2. 3% 1 %5:3~4. 38 % 2 5;5~6. /hE 15
7~8./N# 25519 H Rsl-Rs2a
Fig. 6 Application of improved RSAP technique
in buckwheat and wheat
1—2. Buckwheat variety No. 1;3—4. Buckwheat variety No. 2;
5—6. Wheat variety No. 1;7—8. Wheat variety No. 2;Primer

combination was Rs1-Rs2a
30w’

PCR i RT3z i T3 F 41 DNA 4387, H 3
Tz — 2 5 T B R & DNA Frid . 1%
FRICTET i o028 bk B 3L R v e 25 Tl 2 A5 31 )
Z N H .

H BT I 2 1 LA B F PCR AR AR 12 &
4,41 RAPD.SSR.AFLP %, 2% % £ 3¢ F H &g 2u
PE AT REVEFIE BB B — MR id REEA H H &
IR S . a0 RAPD A5 10 48 4 filf 2, (H 5 52 1 2% .
7RI s SSR AR e R A3 2 3 kL T LT R A 2 A
bt HAERS s AFLP bric /= 2w, Harn ) H 3 F
BT E A AR AT DNA T E B Y
HAE L IR BUE 2 R LA R . b, AR
AFLP AR v, 2 B ] il 1 T F Ak SOs o7 5O R
S FEMEBER L I B ARy o, fn S il
VU AATT {7 23 A BRI BG Mse 1,25 3R 2 5
A A B B

Bl R PCR 5 RARIC R 50 G,
RSAP HAR P B 51 WK 114 19 bp fRIE T 371

iR MR E TR, BLAh . RS 3 3 A
PEREERR L . 0] LIS B 2 R [F 519 5| ik it
TAERI Ak . B | e B bk FHE AT RGP A o 1Y)
RSl 1 57 501 371 5 I PR ok 44 7 6 T B AL T 3] F
3 AT B HE 2 18], b T 3 B 3 A Sk

1 234567 8910111213141516171819202122232425262728 29

7 Bk RSAP FORTE 53 ZLH R 1 3¢ b B
Fy \F, B i3 4550
L. P132. Fr33. Py sd~29. Fy BEUR AR AOR R Kbk 5
I A Rs7T-Rs8
Fig. 7 Amplification profile in F; of Purple-caitai and
Chinese cabbage with improved RSAP technique
1. P12, Fy 3. Py 34— 29, Individuls in F ; Primer

combination was Rs7-Rs8

B 2 A B AR B3 Ry AR B DT A 4 R 5 | &L
TR O ASOR B B REAC . R A - 55 oK bt 1 R
PR A B SIA S A R T — 2,

WU RSAP H AR S — Fl B 4 a7 50, 77 S8 p 55
FaE AT HER) DNA FRidB AR &2 AFLP iR K @&k,
X SRAPY AT TRAPYY WA & #h 55 . 514 al 1
I BEALEC S = 2 g A A, — E R E LRI T
U A BB I 22 B D R PR R DA TR
Z WL B — & MR AR R, £ 2 e 4 5
210 0 7 45 SR AR AR AR AR . i R AEAE D) 1 i 1% 2
FEE S BT 2 B P 3 Ay A R 3 I A 4 O T LR —
FE W HE)T N A

ENIEE I RS I/ EN S NS B3N
FELEVEY) FAE LM B AN MFREE F b ReY Y
LBV T A 22 2SR ARl BRI B B T 5 4 e AR
U, Af LI, 2 9 RSAP 45 R & 5 SRAP #
TRAP £ R —#, 78 H A AVE Y 09 e R 41 DNA 4387
R HEILE KR iC R H.
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