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Abstract Single nucleotide polymorphism (SNP) is a genome — wide mutation type for organ-
isms. SNP genotyping is an important technique for SNP genetic mapping, association analysis,
and molecular assistant selection and so on. We introduced a fragment length discrepant allele spe-
cific PCR (FLDAS—PCR) method for SNP genotyping in soybean,using 5 SNPs in Rhg4 as ex-
amples. For a SNP loci,we designed 2 allele specific primers which had 4 —5bp length difference
and 3— end complementary to each of bi—allelic SNPs,and 1 common primer,as a result PCR
products of different alleles had 4 —5bp difference in length, which could be separated by 6% de-
nature polyacrylamide gel. In order to improve PCR specificity and data accuracy, an additional

base mismatch was introduced at the 3™ or 4" nucleotide closest to the 3—end of each of the spe-
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cific primers. We also investigated the influence of annealing temperature and primer concentra-

tion on PCR amplification,Rhg4—1592 as an example,and found that lower concentration of the

specific primer would reduce its annealing competition in PCR reaction,and behaved more sensi-

tive to annealing temperature,so we could optimize PCR by increasing or reducing specific primer
concentration. The genotypes of SNPs by the FLDAS—PCR agreed with the results by PCR clo-

ning and sequencing for 18 soybean genotypes, which approved that the method was effective in

SNP genotyping in soybean.
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Table 1 Eighteen soybean genotypes used in the experiment and their SNP genotypes

B4 B N
Soybean germplasm Code Rhg4—1592 Rhgd —1724 Rhg4—1760 Rhg4—2120 Rhg4 —2387
I 1298 ZDD20449 T A T A A
Lo 18 — T A T A A
138 ZDD22798 T A T A A
INREFRE S ZDD17767 T A C A G
Forrest WDD00721 G C C T G
Peking WDD00467 G C C T G
P1437654 WDD00643 G C C T G
PN ZDD10734 G C C T G
TR B 57 ML ZDD02315 G C ( T G
ZRABE ZDD10254 G C C T G
XU 56 — G C C T G
— ZYD03431 G C C T G
— ZYD03294 G A C A G
— ZYD03888 G A C A G
— 7ZYD04217 G A C A G
- ZYDO00755 G A C A A
A 14 ZDD22648 G A T A A
— Z2YD03149 G A T A A
1.2 FHik %t Rhgd — 1592 fii & % 3 50°C,51.1C, 53.8°C,
1.2.1 SH41 DNA #H WA FOFE R K 55.3C.56.7C,58.1C,60.9C 7 A58 ki .4 4
JEFREL 0. 500 g, 2 MOCIREE S IR SRS 0 RS 51 90 W R A6 JEE (0. 10 pML0. 12 uM 0. 15 uM

Y HR L 40 DNA, F PerkinElmer ® Lambda 35

Spectrometer £ DNA ¥ B Fl i i .
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Table 2 Primers for FLDAS—PCR

SNP i 519 4 Fr 519751 P I 7 KN G EERD
SNP loci Primer Sequence (57 >>3") PCR products(allele)
Rhg4—1592 Rhg4—1572U26 TATCTAGCATAAGCCTCGCTTCGtAT 147bp(G)
Rhg4—1572U21 AGCATAAGCCTCGCTTCaCAG 152bp(T)
Rhg4 —16981.21 GACGGTTTGGAGGAAAGAAAG
Rhgd—1724 Rhgd4—1605U21 ACACTCCCCTCGGATCTCAAT 140bp(C)
Rhgd4—17241.26 ACTATGAGGAGAAGTTGTTGCGGaTT 145bp(A)
Rhg4—1724L21 GAGGAGAAGTTGTTGCGaTTG
Rhgd —1760 Rhg4—1630U21 TCTCTCAACTCCGCACTCTCT 151bp(T)
Rhg4 —17601L.21 AGGGAGGTTAGGGAGGCGtAA 156bp(C)
Rhgd4—17601.26 TCTATAGGGAGGTTAGGGAGGCtAA
GRhg4—2120 Rhg4—2042U21 CGGTACCCTCCTCGTCCTCTC 104bp(A)

Rhgd — 2387

Rhgd —21201.26
Rhgd —21201.22
Rhgd —2257U21
Rhgd —23871.21

Rhg4—2387L.26

TCTATGTGCATTGCGATAAATCCGT

CGTGCATTGCGATAAATCIGGA
CTGTGCCCGTGTTTGGGAAAG
CACGACTCTGCCAACCGeATT

TCACTCACGACTCTGCCAACCGACTC

100bp(T)

151bp(A)

156bp(G)

T G195 /NG TR O S OB, B R RIZR 0 7 B0 5 SND S5 437 3k [ B R 9 B 2

Note: The lower letter is mismatch nucleotide. the underlined letter is the nucleotide complement with SNP.

FLDAS — PCR # % 4 91 3 FP 45 3 (LA K o
Rhgd —1592 G/T R . (1) 40 Ky a4 SNP 3 [H 7l
(GG 8 T, W H o iy — 5 R R 51 9 37 K v Bk
AR HANF IO IEN 25 LR — & B
Kol &y GG sk TT (LAY, (2) 4ok 2% A 3k P9 A

(G g 2 xR BRI BRI G T W
BB, OW A G M T Z Ay I FE 8 (C
A LH 2 REERGI BRI A B
FEAECE D,
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G <€— Rhgd-16981.21

C

Rhgd-1572U021——G --P»
Rhgd-1572U26 ——T

T @— Rhg4-16981.21

A

Rhg4-1572026 —T --P»
Rhg4-1572U21 —G

Rhgd-1572U26——1

T €—Rhg4-16981.21

A

Rhgd-1572021 —T --P»
Rhg4-1572U026 —G B

G €—Rhg4-1698L.21 T €4—Rhg4-1698L.21
(6 A

Rhg4-1572U21 —G - Rhgd-1572U21 —T --P»

Rhg4-1572026 ——T A-1 Rhgd-1572U26 —G A-2
G «— Rhg4-16981.21 0 €—Rhg4-16981.21
(& 0

Rhg4-1572U21 — G --P» Rhg4-1572U21 /——T

Rhgd-1572U26 —G

0 €—Rhg4-16981.21
0

Rhgd-1572021 ——7

Rhgd-1572U26 —— C

A—1.4i 58 GG;A—2. 4858 TT;B. 4458 GT;C. HE =23,
Rhg4—1572U21 fil Rhgd —1572U26 42 2 D559 (A 2= 5bp) , Rhgd —1698L.21 S/ HI 514
A—1:homozygous genotype GG; A— 2: homozygous genotype TT;B: heterozygous genotype GT;C:

other mutation

Rhg4—1572U21 and Rhg4 —1572U26 were two allele specific primers which had 5bp length differ-

ence,Rhg4 —16981.21 was a common primer

BT Bl B 22 55 45 0 2k R R 5 PCR(FLDAS—PCRO B ] (P Rhgd —1592 G/T )
Fig.1 Model of Fragment Length Discrepant Allele Specific PCR (FLDAS—PCR) (Rhg4—1592

G/T as an example)

2.2 S|¥REMEBEMNEEX FLDAS—PCR 15
kA )
2.2.1 5lYHIE A Rhg4 —1592 i iy ]+ 1
KRR T IE 0. 15 M BT RS 5 519
Wit 4 A HJE (010 pML0.12 uM, 0.15 uM Fi
0. 18 M), PI/NKLFR B 5 H Forrest #£47 FLDAS—
PCR Y1 . 4 WK 5 37 1y . B3 19 2%
REFWE . MW 0.10 oM B 5 R 57519
S5ONHGI I EP 5 7= 0 (GG R 8K B 5 W1 Y
(TT 2355 (B 2, A) L BEE MBS N GG ALY 1Y ™
Py it K (& 2, B.C A D)5 EE Ry 0.18 pM
W GG BI85 TT B3R, 3% 7T R K Rk 5 1 4
e P T2 M 3G R S BUHR KL 3B A0 1 it 9 1 5
B R . RS 0.12 pM B 0. 15 M

o AN [ 22 DR TR 7 008 R B ey, T B 22 7 (] 2. B
MO X4 RERY] i 51 W) B2 AR 1Y FL-
DAS—PCR #5855 .

2.2.2 BIGRE  AETABKREET 2 Mk
T BEARE S  AF  (EL 3 7 1 9 9 55 A7 AE
W] 22 S o ELVR BE BRI e 5 5 1 0 - L™ 38 B xR
S BRI . BT D 0. 10 pM L X
T GG H AL, AR R K T (50C, 51.1C,
53.8°C) HA M = My B ik L T 60. 9 C I 47 = W)
AR5 9 SR AR A T TT B PR R 1 8OR
AR E 2 A, HEEESIPUE N 0. 18 M i,
S0°CAHN 51 TC AR JGIR R - TT JE [N B 9 47 3
Y5 T 60. 9 CHEL 43 = AR 55 . X T GG &
By MR EZE RN B 2 D), AKX, 12
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55.3C,56.7C i1 58.1°C;E Kk JE fF S AN

B

D
A B.C I D45l F /8 B4 S5 B HE 29 0. 10 pM 0. 12 pM 0. 15 xM F1 0. 18 M RT3 sk 4L, 3k 1.3,
5.7.9.11.13 435 K /NRiFK £ T 4E 50°C .51.1°C .53.8°C .55.3°C .56.7°C .58.1°C 60.9C 3l i B AL H 1 B
R L Rk TT, ki 2.4.6.8.10.12.14 4 Bk Forrest #£ 50°C .51.1C,53.8C.55.3C.56.7C .,

58. 1°C 60. 9 Cil il B2 AR PR 4 ROR  JE I B GG,
A,B,C and D was SNP genotyping of Xiaolimoshidou and Forrest with 0. 10 uM,0. 12 uM,0. 15 uM and 0. 18

M shorter specific primer concentration treatment respectively. Lane 1,3,5,7,9,11,13 were SNP genotype

(TT) of Xiaolimoshidou under 50°C,51.1C ,53.8C,55.3C,56.7C,58.1C and 60.9C annealing tempera-

ture, respectively;lane 2,4,6.8,10,12,14 were SNP genotype (GG) of Forrest under 50 C,51.1C,53.8C,

55.3C,56.7C,58.1C and 60.9C annealing temperature, respectively.

K2 7 AAREER KRB 4 ARSI AT FLDAS—PCR § #3UCR
Fig. 2 SNP genotyping under 7 annealing temperatures and 4 primer concentration
2.3 SNP HEIHRAEMMESN (56. TCHORG IR IE (1.5 pMD , Hg S8 LA 57 ik
FEX e FE I Rhgd 1) 5 4> SNP AL il ad e W5 . S5 RFRW] R ATX Bl 7 i BER: SNP 5 5 7Y

B UL B B A T I U L R B T RIS R FL- JpITIF AT SR AT U b A D IRT 5 (B 3D . i B A 2R
DAS—PCR 24, %) 18 3 REZMBLHEST TR (TEA 5 PCR W) se B e 14 4k PR 8L 58 4 — 2, TRt L i A
S PURCRI RE LT AR R I —BUWiR KR E FLDAS—PCR R[5 &lEF 7K T SNP 434,

3—1.3—2.3—3.3—4 fl 3—5 4353 Rhgd — 1592 . Rhgd — 1724, Rhgd — 1760 Rhgd — 2120 fil Rhgd — 2387
R EENES
3—1,3—2,3—3,3—4 and 3—5 is SNP genotyping at Rhg4 —1592,Rhg4 —1724,Rhg4 —1760,Rhg4 —2120
and Rhgd —2387 respectively
& 3 FLDAS—PCR %} Rhg4 2] 5 4~ SNP {if &5 143 2 550
Fig. 3 Genotyping of SNPs at 5 SNP loci in Rhg4 by FLDAS—PCR

TG 25751510 AS—PCR M %8 R 4, % PCR &

3 g Z 1 ANTP. 519 Mg*" 45 41 43 vk FiE LA R GR ki B
SRR ANTP 514 55 41 43 e B b AR 7 1 55

AS—PCR B LK — F R A i bk 4 2 HBLBBIME R B K 5 B0y AR 4 e 4 B

BCH SNP 43R Ik 7 B 5 Ay SNP agpg AT A O R A LSNP AL R
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03 3 SR FH AU 2 7 125 R0 4 AR IR B Ok A e AR
SRR O R AR T B 4 67 R 2 AR Al %o
PCR URA M, WF5E R 78 3705 2.3.4 i &
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G T/ T TER 51 Wy 37 I 5 0 B ik 518 555 45 1, =%
H T RS AR RO I T BE AR KT

PL Rhg4 FEHY 5 4~ SNP 2y i 44 @ ) FLDAS
—PCR,:RHZH PCR AR KAE 2 AR FE S5
Y37 3 A 4 A N R 51 A A TR 4R
LA 08 S R A B T 0 R R B B R
PTG B L ARAR AT I R 5 SNP 3 BURLR 2
— PRI AT B K . SNP 23 BT J5 7

ARl Yy M 3 Bl WY R OR W ¥ A
B S E X Rhgd 1 5 A4 SNP 7 15514
Ve ir 6 3 I B A PR 4 5] ) BAE T H R g
BIfE 7253, %) SNP fif g i i DNA J5 41 (9 ik 5&
A BT K| VAN 45 S 3R WL 3 5| W) SR A i 3 A
GF T4 IR R T 2 MRS BT
SNP {7 s B 3 T A5 B AH 22 AR KL 2 S50 51 Bk
THE Tm SMAE BRI 8 5 B K/ w4
TR BT 1) 5 | M B R

T ANBI 9 35 A B R 5 5 | 4 fof T e 2 b i oy
SR N KA R 5 5 A7 AE B K T
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pMD SR RE S 51 B T 4 AR E KR (0. 10
pML0.12 M, 0. 15 M H1 0. 18 M) R T 8149
W PE XY B ORI . R 9T & PR S BE S e
90,12 pM B 0. 15 pM B, A [A] 5 PR 78 47 3 25 2R
U, B &I KA R 5 5 | (0 FH VR 32 L i 4 s
FIVIR" G . BE NN KRS 51 &S
(1 4—6 A~ 35 55 A58 Al 110 EL R0 AR R 0T BE 23 5 A AR K
PR HIT R B “ 3 S 5 | Wl VR B L 5 e
SR AT BE S P K B 5 5 AR A AR KRR
R R AR EE R S T | R B 2 A R

ARWEFE A BA I Rhgd — 1592 {7 5 199734 7= 9y

B 2 A LG  HLKS ) R i 0] A8 Ak #5742
— (33— 1) . XAl GEJE PCR ;=4 48 P A 5¢
4 TS AR 0 70 4 T g R P A R
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