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Development and appraisement of functional molecular
marker: intron sequence amplified polymorphism (ISAP)
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Abstract: Molecular markers are playing an increasingly important role in map construction, QTL analysis, gene mapping
and marker-assisted selection. Researchers hope the target gene and locus are as close as possible, one locus can present one

gene, or linked with some important trait, then, individuals with useful trait can be selected through molecular markers se-
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lecting, and it’s the functional molecular marker. PCR-based molecular markers such as RAPD, SSR, AFLP amplified
non-coding regions, or the whole genome randomly, the locus is far away from the gene of targeted trait, this limit the ap-
plication of these molecular markers. This study established a kind of functional molecular markers based on intron of gene
sequence, trying to link loci with gene sequence to achieve the purpose of its function. It used the conservative consistent
sequence of intron splicing sites as its core sequence of amplification. ISAP is a PCR-based marker system, it has two kinds
of primers: forward primer and reverse primer, both primers are 18 bases. Any of the primers can be used to construct a
primer combination with the other kind of primers. Seventeen primers, 9 forward and 8 reverse, were used to construct 72
primer combinations, 67 of them showed polymorphism in a G. hirsutum cv. CCRI36 x G. barbadense cv. H7124 F, popu-
lation and a total of 212 loci were obtained. Together with 164 SRAP loci, these 212 loci were used to construct a genetic
linkage map. ISAP markers distributed evenly in the entire linkage group, part of the region had a high saturation, might be
the coding sequence-rich region. Sequencing results of 20 fragments showed that 85% of the sequences announced homol-
ogy with published EST sequence stored in the NCBI which indicated that they were amplified adjacent to expressed se-
quences. These results showed that ISAP marker system was simple, efficient, reliable, and had a relatively high polymor-
phism, furthermore, it directly targeted gene sequence, was a functional molecular marker system. ISAP was also used to

amplify other plants and good results were achieved.

Keywords: ISAP; functional molecular marker; development
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, Table 1 ISAP primers used in this study
Forward primers (5 %31 Reverse primers (53T
’ F1: CGATATAAGCAAAGGTAA  R1: CTGCAATTAAGCAAGAAC
’ F2: GCATGAATGCAAAGGTAA R2: CTGCAATGTCCCATAGAT
F3: ATGGAACTCGCAAGGTAA  R3: CTGCAACAAGATCTCAGA
F4: ACGAAGATGGAAAGGTAA  R4: CTGCAAGTGAGAACACCC
1 F5: TAGCCGGTATCAAGGTAA  R5: CTGCAAAATTCAATAGTT
11 F6: CGTCCGATGAAAAGGTAA R6: CTGCAAATGTTAAACCCA
) F7: ATCAGCTGCTGCAGGTAA R7: CTGCAAGGGTTAACCAGT
F, F8: AGCCGTTTATACAGGTAA R8: CTGCAATAACCACATGAA
7124 36 2002 F9: CATCTCACTTTCAGGTAA
F 2003
. . 5003 . b 0.25 pmol/L, dNTPs 200 pmol/L, 1x PCR buffer,
! ? ’ 86 ? 15 mmol/L MgClL, 1 U Tag ddH,0
8
PTC-100 PCR , PCR
’ : 94 5 min, 1 ; 94
199 99 7086 98100 6 ) . )
1 min, 35 1 min, 72 1 min, 5 ;
2070 4338 1 4 ) ] ]
750 94 1 min, 50 1 min., 72 1.5 min,
9409 108 7 3 39 72 5 min, 4 ,
, 20 pL 10 uL Loading buffer
’ ( 95% , 10 mmol/L EDTA, 0.25%
,0.25% ), 95 5 min, S5uL
12 (4%, 7 mol/L
1.2.1 2 HZ1 DNA #9455 ) , 0.5xTBE
DNA [8] DNA , 1 800 V 30 mA,
DNA 2000V 1.5~2h 3/4
, DNA 20 ng/uL 50
, 4
1.2.2 ISAP #7ie4k & 1.2.4 B4 DNA HFE® &I, FHHE. k. N5
ISAP 2 >
ISAP : NCBI DNA
BACs, BACs cDNA DNA S 50 uL
, TE 0.5mL , 100 15 min
, 5 TA/CA- DNA DNA 12 uL PCR
GGTAA-3~ 5TTTGCAG-3 7 2 ulL ,
5% 7 4 1.2% ,
, 18 DNA
, 5uL 50 puL
) 1.5 mL R , 30 min,
42 90 s, 2 min 600 pL
( D LB , 1.5h 300 pL
1.2.3 ISAP R X-gal ( 20 mg/mL ) IPTG ( 200 mg/mL)
20l PCR : 40 ng DNA , > )

F1 KARPERE ISAP 314

,37 12 16h 5
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, 2 mL LB 5 1.2.5 SRAP Rz
mL , 37 , 240 r/min 12 16 h 153 (mel~me9, eml~em17)SRAP
, (mel~me6, eml~em6) Li Quiros® ,
PCR , DNA (me7~me9, em7~em17)
[91
(2
®2 KARFBERE SRAP 5|4
Table 2 SRAP primers used in this study
Forward primers (5537 Reverse primers (537
mel: TGAGTCCAAACCGGATA eml: GACTGCGTACGAATTAAT
me2: TGAGTCCAAACCGGAGC em2: GACTGCGTACGAATTTGC
me3: TGAGTCCAAACCGGAAT em3: GACTGCGTACGAATTGAC
me4: TGAGTCCAAACCGGACC em4: GACTGCGTACGAATTTGA
me5: TGAGTCCAAACCGGAAG em5: GACTGCGTACGAATTAAC
me6: TGAGTCCAAACCGGTAG em6: GACTGCGTACGAATTGCA
me7: TGAGTCCAAACCGGTTG em7: GACTGCGTACGAATTATG
me8: TGAGTCCAAACCGGTGT em8: GACTGCGTACGAATTAGC
me9: TGAGTCCAAACCGGTCA em9: GACTGCGTACGAATTACG
em10: GACTGCGTACGAATTTAG
eml I: GACTGCGTACGAATTTCG
em12: GACTGCGTACGAATTGTC
eml3: GACTGCGTACGAATTGGT
eml4: GACTGCGTACGAATTCAG
eml5: GACTGCGTACGAATTCTG
eml6: GACTGCGTACGAATTCGG
eml17: GACTGCGTACGAATTCCA
1.2.6 HEIERBE SN F ik 8 ,  “Three Point ” ,
“Order”
Mapmaker 1101 “Try ” ) “Ripple”
36 G‘D??’ N
«B”; 7124 “c”, MaPDraw2. 1M
“A” “_9’
2
’ a, 2.1
b, c, M2EIS5 SRAP 14~20 ,
Em2 Mel5 , FIR3 ISAP
F1 R3 , F2R4b F2 R4 14~17 ,
127 &4 19-20 ,
Windows98 Mapmaker/Exp3.0 ’ ’
[10]
. 18 ISAP
,  “Error Detection on ” “Use 18
Three Point” “Triple Exclusion Criteria 4.0 “Triple
Ermr Detection on” LOD 3.0, 2.2
50 cM s “Group”
8 , “Compare” ,

mRNA
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(Intron sequence amplified polymorphism)
Chambon M4 90
85
5" -A/ICAGGTA/GAGT-3/,
5 “PyPyPyPyPyPyXCAGGG/T-3 “

[1s]

) )

30 GenBank
BACs
GT-AG 1 ,
GT-AG , ,

52A/CAGGTAA-3 7
21%; 57TT-
GCAG-37 57 7

4 , 44%

ISAP ,
A/CAGGTAA 3”
5 , CTGCA-

, BAC ISAP

2.3 PCR

ISAP

ISAP srRap M
s SRAP
PCR
, 20 uL.  PCR
: 40 ng DNA , 20 ng, dNTPs 200
pmol/L, 1x PCR buffer, 15 mmol/L MgCl,, 1U Tagq

R diH,0O 5
35, 2
DNA , 35
50 DNA
35
50 , >
2.4 1ISAP
ISAP ,
7124 36 F,
ISAP
20~100 9
, 8 , 72
72 , 67
, 212 ,
1~8
93.1%, 3.16
(G
bp

800

700
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1 ISAP 3|¥14H& F2R4 FEARTE F, BEA T RIY 18
Fig. 1 Amplification of F2R4 in cotton F, population
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, 212 165 SRAP
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2 1794 cM,
46.8%1%  ISAP ,



1212 i f# HEREDITAS (Beijing) 2008

A— F2R7a A F3RSc A— Fsrsc A FIR7a A— Fsr2c

_F F6R2a
o6 16 ——

o6 . M7E6a 22 — 221 192 —
13/—_,__\ F5SR3a H— w7 —
EXY M3E10a H FOR3a 362 —

H 5.6 — H— F2r1
6‘/;_\ M4Elc e T MG6E13a H— MsEse °
2_/1~ MI1E7 H— mie2e 163 —

6.1 _\ FSR4b 145 — 16 —

6.6 '“’_\ M2E13a 13.7 —o +H— Fir3a

‘9f= FSRaa M3E2d 13.7 M9E16a H— Frr2b o__T1— Fr1a
0.5 F3R2b - M2E12b J—

5 7E7
os JFH FORSA 4 F8R2g H— mseic MiElla 126 — 0.7 M7E7e
5.7 FOR6a FSRSa H-\ M3Eia

L M3E4 - MSE3d MIE16b T M782® o7 —\ \. MIESb

1] ’ M6E16e 23— MSES 29/ H
22 FeRze " 143 W Farac
lof M7E12b M6ESe FIR3c 5.5
9.9 \ FSR1a M3E2a H— Firen M2E13b 42 H— MoE3e FERIb
2.4 M4E1Sc MBSEJb 123 F8R2h T FR3e 291 — F7R3a
21.2 — FIR2b FlR1a ESRS 3.4—] |

44— ™M3E3f © l9_/-__"\ F9R8a
H— F3r4a F7Rl1a R —\ FoRSa
sa1/ 1
13 —o 17.5 ——
F3R6d H—
s— FSR2f M7E4 6.1 f-_\ F4Rl1a
1 M3E2c
0.3 —7H M7E7a hm FIR6e M6E8d 3.7/
1 7/_<>— MOEGbH 145 — M3E3a 8.9_— M4E16¢c
/A s M4E10e FoR3a MSESb : MSEdc
2 6/‘" M7E12a MSEda MIESa M6E130 42— MaEld
S J/A.. FsR1b hbtad M4Ele FIR3o zv9../-__: s
65 M3ESb N FSR3c M7E2a M3E2d _
207 — F6R6b . T FOR2{
MSE6b N —
VI MSE3a 25.7 —
44— F3RSe 6.9 e F7R1 —
. 1] moe7a e H M4E10g
: . Fskza FoRse

44— For7 135 —

4.6 F6RSa H— MsEsa -j— F4R4e

4++4— m™MsE3b | FiRss M3Elb O

M9El4c
20 — 154 — MSE3b
F7Rd4a

H— F2rza R F3R4b FOR2a

A FaRrld (}— FoR2d M6ESb 15 f} — MSE17b A— M9El4a A— FRéb
78— rorin "o o [\ msese

T F6R2b +4— MIElb MIESb 17.5 — 164

1 6.3 — H—
H— m7E2
5— I 8
16.5 12.8 6.4 11 | 1 T o Free
+4—— F4
|- +— Forsy 48— RS +4—— Ms6Esb
8.2 44— Far2d
[} MoEl6d 213
s | | MSE7a 18.7 — - 27.6 ——
30.6 —
82— .
| 4— M3E4b 4+H+— M7E3e
9.9 —
6.7 —
H M4Elb 1l orie
292 — 138 6.1—J F7R6d
: U—— MBEsd F6R3b
U— FrRia
. M2E12a
H— Ms6E16a
- M6E2
12.8 “—\ F9R4b
69|} MG6E1S
54— ™\ F6R5b
U™\ Foreb
A— MsEla =) M4E16b — MsE17bc .:[—-— MI1EI3c A} Far2a FSRlc
17.9 —— 13.6
20.6 ——
FIRs 22 26 2 44— Fsrea
poraa 20 R | U S
79 +44—— FS5R8a N
bty H— MSEf 0.9 F8R6b
MSE7b . 9.9 — MI1E6a
Mg 0F __ |— FeRr4 7 I-—_‘N_ F7R4c
174 H
27.7 M3E3d L H FIR2E
— 24.4 —
MJ4E1d L1 Furar 17.8 || F7R2a
MSE2 o3
H— m7E3a M7E3d 233 +HH— MsoE16c e e
| H— mze3
o4 MGE16b Y F1R2c L M3E3g
+H— M7 M7E16 ] - 204 ——
.2 M9E12
44— M9EIL —— MSE7d
27 4 —— F7R6b
13
+H— msE10 154 o
M7E3c H— msisc
MJE15b F3R8
27 —
O FaRrsa

FSRla
F4Rda
| FoR2b

LG:

Fig.2 Construct genetic linkage map of CCRI36xH7124 with ISAP and SRAP markers
LG: Linkage group.
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Table 3 Distribution of ISAP and SRAP markers in 32 cotton linkage groups

Molecular marker

B Linkage groups

LGlI LG2 LG3 LG4 LGS LG6 LG7 LGS LG9 LG10 LGl11
ISAP 17 9 14 8 6 8 10 3 3 2 2
SRAP 15 13 10 13 8 3 7 4 5 6 6
LG12 LG13 LG14 LG15 LG16 LG17 LG18 LG19 LG20 LG21 LG22
ISAP 4 5 10 3 4 4 5 4 2 2 2
SRAP 2 1 11 4 3 1 1 3 0 0 4
LG23 LG24 LG25 LG26 LG27 LG28 LG29 LG30 LG31 LG32
ISAP 1 1 0 3 3 3 0 2 0 2
SRAP 1 2 3 2 0 1 4 0 2 0
LG:
LG: Linkage group.
2.5 PCR 30~40 bp, 40~125
bpm
, s
, s BLASTN ,
ISAP 17 (85%) EST ( 4,
, 20 ( 3,
ISAP 50~2 000 bp, , ISAP
600~1 000 bp ,
Fd4 BEDSBEE 20 PRENFS LIS H
Table 4 Sequence and blast of separated bands from cotton
' o ' E  Evalue GenBank '
Marker name Size (bp) Length of similarity(bp) BLASTN score(bits) GenBank accession number
FIR2a 522 114 105 I><e™™ DR455763
F1R3b 511 60 77 2x<e? CV942815
FIRS 592 50 63 23e® DT595915
F2R1a 560 33 42.8 R DN577022
F2R1b 551 47 64 T><e™s DW513951
F2R2c 433 138 158 1><e™ DT468253
F2R5 569 54 78.8 2xe™® AU083383
F2R7a 469 0
F3R2a 525 45 46.6 4><e™ EB696786
F3R2b 565 27 41 0.71 BF253909
F3R3a 549 42 44.6 6><e™° CX089680
F3R4d 560 41 44.6 4x=<e7° CD151663
F3R5a 534 0
F4R1b 566 50 44.6 8><e™f CN930986
F4R1f 556 39 44.6 2xe™ EC956607
F5R3a 553 30 41 0.13 BP917661
F5R3c¢ 558 45 6.8 T><e™® EE068098
F5R4a 548 25 41 1.3 CK085724
F5R4c 478 0
F5R5¢ 560 33 42.8 2><e™ CD575434
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Colorkey for alignment scores
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3 ISAP #Ri2 F2R2¢ 7£ NCBI L &J bk [
Fig. 3 Blast in NCBI of ISAP marker F2R2c
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ISAP ,
, , ISAP
, 8 8
, 4
, 3
« 4,
. ISAP
3
3.1
EST , SRAP , TRAP ,
IFLP , SSCP-SNP
EST , SRAP
TRAP ,IFLP  SSCP-SNP

> >

I 3 5 7 9 11 13 15 17 19 M
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900

800

700
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500
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Bl 4 ISAP #RiC7E F3R3 7£ 8 #iEY R Ay ¥ 18

1~8: 5 9~12: ; 13~15: ; 16: 3 17: ; 18: ;
19: ; 20:

Fig. 4 Amplification of ISAP marker F3R3 in 8 plants

1-8: ISAPs amplified by primer combination F3R3 with wheat;
9-12: Corn; 13—15: Capsicum; 16: Tobacco; 17: Peanut; 18: Jowar;
19: Chlorophytum capense; 20: Salvia splendens.

>

ISAP PCR
ISA:P ,
) , STUTR, 3UTR
CAATCT  SRAP PRAP

SRAP+ISAP SRAP+PRAP PRAP+ISAP
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b
3.2 ISAP DNA RFLP
ISAP PCR , SSR RAPD AFLP
RAP TRAP
: 18 50 , .S
) , ISAP
b b
, (35
x5 MO FRIEHELR
Table 5 Comparison of 6 kinds of molecular markers
RFLP RAPD SSR AFLP SRAP ISAP
/ /
Genetic Codominant ~ Dominant Codominant ~ Codominant/dominant Codominant/dominant Codominant/dominant
character
Detection Molecular Random Specific Selective Selective specific Selective specific
technique hybridization amplification amplification amplification amplification amplification
/
Detected site Single/low Whole Repeat Whole genome Whole genome Whole genome
in genome copy area genome sequence
1~4 1~10 1 100~200 20~100 20~100
Loci of
Single detection
High Low High High High High
Repeatability
DNA High Low Low High Low Low
DNA quality
requirement
Isotope using Must Not need Not need Not necessary Not necessary Not necessary
Difficult Esay Esay Moderate Esay Esay
Technical
difficulty
Cost High Low Low High Low Low
More Less Less More Less Less
Time
consumption
Degree of Not close Not close Not close Not close Close slightly Quite close
relation
with genes
3 PCR ,  SSR AFLP ,
SRAP , 4 000 SSR 64
AFLP 153 SRAP
1200 SSR 0.21
AFLP 4.34
’ ’ 3.3 ISAP
SRAP 2.7 , ISAP
3.16 : ISAP ISAP ;

ISAP
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