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Abstract Here we have established SRAP-PCR and ISSR-PCR system in Citrus by optimization of PCR reaction
program, reaction system (template DNA, reaction volume, Mg*, dNTP, Tag DNA polymerase and primer) and
electrophoresis detection experiments. Based on these reaction systems, a mass of primers have been screened. In
the end, we got optimum SRAP and ISSR marker systems in Citrus. SRAP-PCR system: template DNA 25 ng,
Tris-HCI 10 mmol/L, KCI 50 mmol/L, Mg* 1.2 mmol/L, dNTP 120 ymol/L, Tag DNA polymerase 1.5 U, primer
0.4 ymol/L in 25 p L system, reaction program: initial denaturation step for 5 min at 94 , followed by 35 cycles at
94 for30s,47 forlminand72 for 1 min, followed by a final extension step at 72 for 10 min; ISSR-PCR
system: template DNA 25 ng, Tris-HCI 10 mmol/L, KCI 50 mmol/L, Mg* 2.0 mmol/L, dNTP 200 pymol/L, Taq
DNA polymerase 1 U, primer 0.8 ymol/L in 25 pL system. 24 pairs of SRAP primers and 13 ISSR primers, with
high stability and polymorphism, has been obtained.
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perl5 MISA (http://pgrc.ipk-gater- ISSR
sleben.de/misa) NCBI EST (http: 40 ISSR (
[Iwww.ncbi.nim.nih.gov/dbEST) EST-SSR 1)
EST-SSR Primer PAGE
5.0 EST-SSR SRAP-PCR ISSR-PCR
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Table 1 Sequences of SRAP and ISSR primers
SRAP primers ISSR primers
No. Sequence No. Sequence No. Sequence
DNO01 TGAGTCCAAACCGGATA 1S01 (CT)GC 1S21 (CCG)s
DNO02 TGAGTCCAAACCGGAGC 1S02 (TA)C 1S22 (CA)RC
DNO03 TGAGTCCAAACCGGAAT 1S03 (AC):GA 1S23 (GGAT),
DNO04 TGAGTCCAAACCGGACC 1S04 (TA)G 1S24 (GA)YG
DNO05 TGAGTCCAAACCGGAAG 1S05 (AG)YT 1S25 (GA),T
DNO06 TGAGTCCAAACCGGTAA 1S06 (AG)S 1S26 (TG)G
DNO07 TGAGTCCAAACCGGTCC 1S07 (CA)T 1S27 (AT)G
DNO08 TGAGTCCAAACCGGTGC 1S08 (GA)G 1S28 (TA)G
DNO09 TGAGTCCAAACCGGTCA 1S09 (CTGC), 1S29 (GT)eT
DN10 TGAGTCCAAACCGGGCT 1S10 (GTC), 1S30 (GA)G
IS11 (GT)A 1S31 (TG)A
UPO01 GACTGCGATCGAATTAAT 1S12 (CT)C 1S32 (CA)A
UP02 GACTGCGATCGAATTTGC IS13 CCA(GTG), 1S33 (TC):RG
UP03 GACTGCGATCGAATTGAC IS14 (TG)A 1S34 (CT):RG
UP04 GACTGCGATCGAATTTGA IS15 (CT)eT 1S35 (AGT)s
UP05 GACTGCGATCGAATTAAC IS16 (CTC)s 1S36 (TGC)s
UP06 GACTGCGATCGAATTGCA I1S17 GSG(GT)s 1S37 (AG)G
UPO7 GACTGCGATCGAATTCAA IS18 (TC),C 1S38 (TG),C
UP08 GACTGCGATCGAATTCTG IS19 (CT)RT 1S39 (TG)RC
UP09 GACTGCGATCGAATTCGA 1S20 (AC)T 1S40 (CA)G
UP10 GACTGCGATCGAATTCAG Note: Y=(C,T); R=(A,G); S=(C,G)
2 M 1 2 3 4 5 6 7 8
750 |
2.1 PCR 00
SRAP
( 1 2 250
1
SRAP
2
ISSR PCR 45 ~50 12 SRAP 4
52 -~55 : M: DL2000 DNA Marker; 1,5: : 2,6: 0 3,7:
4,8: ; 1~4: 1;5~8: 2; : DNO7/UPQ9
PCR Figure 1 Results of 2 different SRAP program among 4 citrus cul-
tivars
35 Note: M: DL2000 DNA Marker; 1,5: Tangerina; 2,6: Succosa;
40 ISSR-PCR 3,7: Miyamoto; 4,8: Oura, 1~4: program 1; 5~8: program 2;
52 ~55 35 Primer: DNO7/UP09



SRAP  ISSR

Establishment and Optimization of SRAP and ISSR Marker System in Citrus 173
2.2 PCR Mg* 1.2 mmol/L dNTP
DNA 120 pmol/L
SRAP-PCR  ISSR-PCR 6 160 pmol/L 200 pmol/L
DNA 240 pmol/L dNTP
120 ymol/L Taq 05U 10U
DNA 25ng 5 15U 20U 20U
20puL  25puL
25 L 15U Taq 0.4 ymol/L
0.4 ymol/L
2.3 PCR SRAP-PCR 25 L
SRAP-PCR ( 2 Mg* 12 mmol/L DNA25ng Tris-HCI 10 mmol/L KCI 50 mmol/L
1.6 mmol/L Mg* 1.2 mmol/L dNTP 120 ymol/L Tag 15U
2.0 mmol/L 2.4 mmol/L 0.4 ymol/L
M 9 10 11 12 M 13 14 15 16

2 Mg* dNTP Taq SRAP

: : : DN04/UPOQ5; M: DL2000 DNA Marker; 1~4: Mg* 1.2 mmol/L 1.6 mmol/L 2.0 mmol/L 2.4 mmol/L;
5~8: dNTP 120 pmol/L 160 pmol/L 200 pmol/L 240 pmol/L; 9~12: Taq 05U 10U 15U 20U;
13~16: 0.4 uymol/L 0.8 ymol/L 1.2 ymol/L 1.6 ymol/L

Figure 2 Effect of Mg, dNTP, Tag DNA polymerase and primers concentrations on SRAP patterns in basic system

Note: Cultivar: Yanxiwanlu; Primer: DN04/UP05; M: DL2000 DNA Marker; 1~4: Mg? concentration is 1.2 mmol/L 1.6 mmol/L
2.0 mmol/L 2.4 mmol/L, respectively; 5~8: dNTP concentration is 120 pmol/L 160 pmol/L 200 pmol/L 240 umol/L, respectively;
9~12: Tag DNA polymerase concentration is 0.5 U 1.0 U 1.5 U 2.0 U, respectively; 13~16: Primers concentration is 0.4 pmol/L
0.8 ymol/L 1.2 ymol/L 1.6 pmol/L, respectively

ISSR-PCR ( 3) Mg* 1.2 mmol/L
1.6 mmol/L 2.0 mmol/L 0.8 ymol/L
2.0 mmol/L 1.6 mmol/L ISSR-PCR 25puL
24 mmol/L ISSR-PCR DNA 25 ng Tris-HCI 10 mmol/L KCI 50 mmol/L
16 mmol/LMg* dNTP 120 ymol/L Mg* 1.6 mmol/L dNTP 200 ymol/L Tag 1.0U
160 ymol/L 200 pmol/L 0.8 pmol/L
200 pumol/L 240 umol/L PCR SRAP  ISSR
200 pmol/L
dNTP 05U Taq SRAP-PCR  ISSR-PCR
10U 15U 20U Mg PCR
10U Taq 0.4 pmol/L Taq dNTP  PCR
0.8 ymol/L 0.8 pmol/L

1.2 ymol/L 1.6 umol/L Taq Mg*
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M 9 10 11 12

3 Mg* dNTP Taq ISSR
: : : :1S01; M: DL15000 DNA Marker; 1~4: Mg

5~8 dNTP 120 pymol/L 160 pymol/L 200 pmol/L 240 pmol/L; 9~12: Taq
13~16: 0.4 ymol/L 0.8 pmol/L 1.2 ymol/L 1.6 pmol/L

Figure 3 Effect of Mg, dNTP, Tag DNA polymerase and primers concentrations on ISSR patterns in basic system

Note: Cultivar: Yanxiwanlu; Primer: 1S01; M: DL2000 DNA Marker; 1~4: Mg* concentration is 1.2 mmol/L 1.6mmol/L 2.0
mmol/L 2.4 mmol/L, respectively; 5~8: dNTP concentration is 120 ymol/L 160 pmol/L 200 pymol/L 240 pmol/L, respectively;
9~12: Taq DNA polymerase concentration is0.5 U 1.0 U 1.5 U 2.0 U, respectively; 13~14: Primers concentration is 0.4 ymol/L 0.8
pmol/L 1.2 ymol/L 1.6 ymol/L, respectively

1.2 mmol/L 1.6 mmol/L 2.0 mmol/L 2.4 mmol/L;
05U 10U 15U 200U;

PCR Taq PCR 1/3
SRAP 10% PAGE
PCR ISSR 6% PAGE

2.4 2.5

PCR SRAP-PCR IS-

(PAGE) SR-PCR DNA
64 SRAP 40 ISSR
PAGE SRAP ISSR
SRAP 10% PAGE
8% 6% 8 8
SRAP 24 ISSR
ISSR ( ) 13 (2 2~8
6% 4 5 SRAP ISSR
10% SRAP
2 SRAP  ISSR
Table 2 Primers suitable for SRAP and ISSR analysis in Citrus
SRAP ISSR

DNO08/UP08 DNO07/UP09 DNO01/UP02 DNO03/UP09 Iso1 1S20 1S31
DNO03/UP06 DNO04/UP10 DNO09/UP03 DNO02/UPQ7 103 1S22 1S36
DNO02/UP04 DN10/UP10 DNO07/UP02 DN10/UPO1 1500 1S26 1S39
DNO06/UP03 DNO07/UP01 DN10/UP06 DNO01/UP05 IS13 1S28 1S40
DNO09/UP09 DNO05/UP10 DNO5/UP06 DN10/UP002 517
DNO02/UP06 DNO07/UP03 DN10/UP04 DNO09/UP06

Note: Primers No. were same as Table 1

1
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Figure 4 SRAP profiles amplified among DNA of 8 citrus culti- Mg*
vars by primer DN05/UP06 and DNO7/UP09 Mg* 1.6 mmol/L PCR
Note: M: DL 2000 DNA Marker; 1,9: Newhall; 2,10: Delta; 3,11: Tm
Tangerina; 4,12: Succosa; 5,13: Miyamoto; 6,14: Oura; 7,15:  (Tm 15 ) 52 ~55 IS-
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Figure 5 ISSR profiles amplified among DNA of 8 citrus culti- PAGE PAGE
vars by primer 1S03 and 1S39 SRAP-PCR 10% PAGE
Note: M: DL 2000 DNA Marker; 1,9: Newhall; 2,10: Delta; 3,11: ISSR-PCR 10%
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