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Development and application of AS-PCR and dCAPS markers for dis-

criminating new cultivar 01-7 Huyou (Citrus changshanensis)
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Abstract: [Objective]l Huyou (Citrus changshanensis K. S. Chen et C. X. Fu) is a local characteristic
citrus species in China with a history of over a hundred years, and its main production area is in Chang-
shan county, Quzhou City, Zhejiang province. After a long process of propagation by seeds and selec-
tion by seedlings, new cultivars/lines such as Cuihong, Hongrou huyou, Xiahong, Huyou elite plant a,
Huyou elite plant b and 01-7 were obtained from the ordinary huyou population. Among them, 01-7 has
become the main huyou cultivar to be extended because of its strong cold resistance, as well as long

storage longevity and slight-but-special bitter flavor in the fruit. However, there is a high degree of simi-
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larity between different accessions of huyou, and it is difficult to distinguish among them with naked
eyes in terms of sapling morphology. With the progresses in techniques on genome sequencing and asso-
ciated single nucleotide polymorphism (SNP) analysis, SNP mining and marker development are be-
coming an efficient and accurate way to discriminate close cultivars. However, to date, there has been
no study on SNP based molecular markers for discriminating huyou accessions. The aim of this study
was to mine homozygous SNP(s) present between 01-7 and ordinary huyou, and to develop efficient
and accurate molecular markers for identifying 01-7. [Methods] Whole genome resequencing was per-
formed on 01-7a and ordinary huyou ZZ (ancestral tree), and after obtaining high quality sequencing da-
ta, bioinformatics analysis tools were utilized to identify homozygous SNPs between these two acces-
sions. The authenticity of SNPs predicted in silico was verified by PCR, cloning combined with Sanger
sequencing. Then allele- specific polymerase chain reaction (AS-PCR) and derived cleaved amplified
polymorphic sequences (dCAPS) molecular markers were developed based on the obtained SNP infor-
mation, and finally, the applicability of molecular markers was evaluated by the performance of AS-
PCR and dCAPS molecular markers in 12 huyou accessions covering main production bases and main
cultivars/lines/plants. [Results] After removal of adaptor sequences, contamination and low- quality
reads from raw reads, a total of 120.21 M of high-quality reads were obtained, and 36.06 Gb of high-
quality bases were obtained. The average scores of Q20 and Q30 were 96.55% and 89.97%, respective-
ly, indicating a high quality of data. After mapping reads to the pummelo reference genome, the average
mapping rate was 98.54%, and the 1x genome coverage was above 95%, which was close to the whole
genome coverage. A homozygous SNP, i.e., Chrl 7111834 G/A, was identified through bioinformatics
analysis. The genotype of 01-7a at this SNP site was A/A, while that of the ordinary huyou ZZ was G/G,
which was consistent with the results obtained by traditional gene cloning and Sanger sequencing.
Based on this SNP, AS-PCR and dCAPS molecular markers were designed, and the performance of
these two markers in 12 huyou accessions was evaluated. As expected, for AS-PCR marker, with AS-
PCR-F1 primer, a specific band of 205 bp in size was amplified in all four 01-7 accessions, while no
band was amplified in the other huyou accessions; with AS-PCR-F2 primer, no band was amplified in
neither of four 01-7 accessions, while the amplification of the specific band of 205 bp was successfully
seen in other huyou accessions except for Cuihong. The result indicated that both pairs of allele-specific
primers could identify 01-7. However, an exception occurred where Cuihong did not show amplifica-
tion bands with both pairs of allele-specific primers, and the Sanger sequencing results of SNP flanking
sequence showed that the above phenomenon was due to the presence of three nucleotide mutations in
the forward primer region of Cuihong, which resulted in tremendous loss of complementarity for the
primers to pair with the DNA template. For dCAPS marker, PCR product of 176 bp can be amplified
from all four 01-7 accessions and can be cleaved by restriction endonuclease FspBI into 24 bp and 152 bp
bands, while that from the other huyou accessions, except for Cuihong, can be amplified but cannot be
cleaved by the enzyme. For Cuihong dCAPS, the PCR product was cleaved into 62 bp and 117 bp
bands due to a mutation that created a natural cleavage recognition site as revealed by the Sanger sequenc-
ing. The results of Sanger sequencing of 12 huyou accessions further demonstrated that the genotype pre-
diction by the two markers was correct. [Conclusion] In this study, using the whole-genome resequenc-
ing data obtained from 01-7a huyou and ordinary huyou ZZ, we identified a homozygous SNP, i.e.,
Chrl 7111834 G/A, with the genotype A/A for 01-7 and G/G for the ordinary huyou. Subsequently,
based on this SNP, AS-PCR and dCAPS markers were developed. These markers can not only distin-
guish 01-7 from ordinary huyou but also differentiate it from Huyou elite plant a, Huyou elite plant b,
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Cuihong and Xiahong, demonstrating stable performance. The application of these molecular markers

enables the authentication of 01-7 saplings, ensures sapling purity and thereby supports the extension of

01-7.
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Table 1 Information of 12 huyou accessions involved in marker application evaluation

TR 22 G LD B R 7T h O il Be R Vi 2 3

Experimental Station of Zhejiang University (Changshan) Modern Agricultural Research &

LB BR 402 Sk 1A Mantoushan Village, Qiuchuan Town, Changshan County
1L/ 5 2 [A.08f Tongxin Village, Tonggong Town, Changshan County
B A B0 2R Xinan Village, Baishi Town, Changshan County

WL R CRALD BRI BT T rh ik B s Y 2 b
Experimental Station of Zhejiang University (Changshan) Modern Agricultural Research &

il B A 5 2 HF A Zhonghe Village, Tonggong Town, Changshan County
1B K38 1R Yuangingkou Village, Dagiao Town, Changshan County

dis MOBHAARR 45 Kl
No. Name Abbreviation Source
1 01-7a 01-7a
Development Center
2 01-7b 01-7b
3 01-7¢ 01-7¢
4 01-7d 01-7d
5 i@ Al a Huyou a HYa
Development Center
6 @A b Huyou b HYb
7 Hd@ # Al ¢ Huyou ¢ HYc
8 Bk a HYYa

Huyou elite plant a

WL R CRALD B BT T rh ik B s Y 2 b
Experimental Station of Zhejiang University (Changshan) Modern Agricultural Research &
Development Center

WL R CRLD B BT 7 rh ik B s Y 2 b
Experimental Station of Zhejiang University (Changshan) Modern Agricultural Research &

WL RS CHY D B S 78 b 0o B0 7R YE B
Experimental Station of Zhejiang University (Changshan) Modern Agricultural Research &

WK 2 CHALD B T It O it B s Y 23
Experimental Station of Zhejiang University (Changshan) Modern Agricultural Research &

9 Bk b HYYb
Huyou elite plant b
Development Center
10 [ean CH
Cuihong
Development Center
11 AN HR
Hongrou huyou
Development Center
12 541 i##l Xiahong XH

M Tl 87 B B R Tuanshi Village, Longyou County, Quzhou City
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Table 2 Statistics of quality evaluation of sequencing data

Ff it ERE B TR Q20%  Q30/% GC/% SEHMFRE IE R 107 5 2 B e 22
Sample Clean reads Clean base/bp ’ ’ ® Average depth/(x) 1xCover ratio/% 10xCover ratio/% Mapping rate/%
01-7a 60 151 675 18 045502 500 96.79  90.60 37 47.30 95.10 87.70 98.48
HIEBAMZZ 60 055719 18016 715700 96.31  89.34 37 46.20 95.20 87.80 98.60
Ordinary
huyou ZZ

A% 23 AN SNP A A A B B 40 A A U, 7
16 9 AN L R K T 90% 1) 415 SNP, ik £
Hoip—AM T 1S9tk F55 7 111 834 A I

7E 1% SNP # ] % 11 1 —%F PCR 54 H T ¢
I0IE , PCR 3738815 21 TUHA K B 498 bp 1 5%, HoE
18 72 PCR =% H 4% Sanger | J5 1 /& & & b 5

(1) SNP ( fiy 4 4 Chrl_7111834 G/A) H T ¥ F %% TR Sanger Ml /7 , #83R B 01-7a 7EIX /ML s (1 3£ [
WE. A% SNP T EAL S ERAE B, KA T B2 A/A TS @ AN ZZ 2 G/G(EI D, 5 AEE 124
L AT ] X 3k HH AR DR Y — B, SR IR Al SNP FLSCAFAE o
AFTTTSTT:GS'—T—,T—,ZC; c
01-7a-1  [efYeryery e GRAGRACATGTGCCTCCCG
01-7a-2  [efeysEy:Ae RE] GEAGAACATGTGCCTCCCEL
01-7a-3  [e{eyieyAe] GC GEAGRBACATGTGCCTCCCGI
01-7a-4  [elererery ¥R ueln GEAGRACATGETGCCTCCCG!
01-7a-5  |EBg=REyEy:y:) GCC GEAGRAACATGTGCCTC
I E N - C A G GAAATCGCCTTTCTIRGGAGRACATGTGCCTC
77-1 GCAGAGRAATCGCCTTTCTIEGGAGRACATGTGCCTC
Bigiig # 1 & & & ; 77-2 GCAGAGRAATCGCCTTTGTIEGGAGRACATGTGCCTC
77Z-3 GCAGRAGRAATCGCCTTTGTIEGGAGARCATGTGCCTC
77-4 GCAGRGE CGCCTTIGTTEGGAGRACATGTGCCTC
77-5 GCAGRGRARTCGCCTTTCTIEGGAGRACATCTGCCTCCCG!
77-6 GCAGAGRAATCGCCTTIGTIEGGAGRACATGTGCCTCCCAI
RSO CAGAGRARTCGCCTTIGTIEGGAGRACATGTGCCTCCCH!
A Consensus JCagagaaatcgcctttgty [ggagaacatgtgoctooog:

A.01-7a #kHE) PCR P24 7 B B
HEAT /RS2 SNP(Chrl 7111834 G/A) T AT -

LsE RN ZZ (1 PCR P24 5 &

;C. 01-7a AR EEAM Z2Z 75 6 A FALTURI P 25 Lot 1, &

A. Sequencing electropherogram of the PCR product of 01-7a; B. Sequencing electropherogram of the PCR product of the ordinary huyou ZZ;

C. Comparison of the sequencing results of the recombinant plasmids harboring the PCR product from either 01-7a or the ordinary huyou ZZ; The

boxed area indicates the SNP (Chrl 7111834 G/A) locus.

&1 01-7a FnELiBEAH ZZ 18 SNP A Sanger 3 iE
Fig.1 Sanger sequencing validation of the SNP between 01-7a huyou and ordinary huyou ZZ

2.3 AS-PCRFIACAPS 3|43t

Y%F 01-7a A 3@ § A ZZ 7 Chrl_ 7111834 G/
AR A B — 44 SNP, & AW 5 B 1

BLT It SNP T & e % 25 501 W5 > #H Al A4 KL ) AS-PCR
F1dCAPS 514 .

T AS-PCR 5|4 3' 7R i il 22 ) AN TC 6 I A g
SE A 5| V)ROSR ) 45 G G A, DRl 0 7 55 J (A
RS 5 VDR 31K o (31 H 5 — AL 91 N 1 AN 1) Bk
HELCE2) . BFFRITE 7 PG AS-PCR 514, Horp
W W3R, 1T b3t 51 4 H A S o BE DR AR e 1% < AS-

PCR-F1 1 AS-PCR-F2 5| #1#) 3' K Iy il 5= 73 1) 5 01-
Ta A1 @ 5 Mk ZZ M E (B 2) o T 4% A AS-PCR-
F1 BN 01-7ad 39 2577 , [A] 2L AS-PCR-F2 H ¢
BB ZZ g 38 H 2R, ST 205 bp.

BRI SNP A7 s AN A B 1) 14 P U0 B PR AR a0 A7 15, A
e T KBV 3 2 5P (CAPS Frid . T
SNPWUEF”ZJ‘U i AN A EI N B 2 B s A

C, K — AN AL B R PCR 4 14 7= W sl 40 A
FspB I @’&szlﬂﬁﬁtﬁ#xﬁ dCAPS Fric 519
CE2) o iZbric B 7 45 32 - LA AN B Al A KL
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dCAPS-F: 5'- GAGTCGCAGAGAAATCGCCTTTGAT - 3' I ZZ : GAGTCGCAGAGAAATCG LLTTT{.@TQGGAGA
TP N Ontry by 22 Not FspBI site
338 H1H 22 Ordinary huyou ZZ GACTLG(,A(JAGAAATCG(,LTTTCTTGGGA(;J\
01-Ta GAGTCGCAGAGAAATCGCCTTTGTTAGGAGA 0178 GAGTCGOAGCAGANATCROCTTTGENTAGGAGA
FspBI site
AS-PCR-R
Chrl_7111834_G/A-F d(‘APS R Chrl 7111834 G/A-R
—- A———
[ |
0 447 478 486 498 506/bp

—
322
/SNP :G/A

W IE il ZZ Ordinary huyou ZZ GAGTCGCAGAGAAATCGCCTTTGTTGGGAGA

GCAGAGAAATCGCCTTTG -3
01-7a  GAGTCGCAGAGAAATCGCCTTTGTTAGGAGA

GCAGAGAAATCGCCTTTG

AS-PCR-F2: 5'-

AS-PCR-FI1: 5'- =2

Chr1_7111834_G/A-F: 5'-TGTCTGGGTTCGTTTGTAATCA-3'
Chrl_7111834_G/A-R: 5'- CTCCAAAAGTCCAGCACAGG-3'
dCAPS-R: 5'- CTGTGAAGTTTCAATTGGCCCATTA-3'
AS-PCR-R: 5'- CGTGTGGTCTCCAAAAGTCC-3'

i dCAPS: 176 bp, 152 bp+24 bp
. AS-PCR: 205 bp

_____________________________________

HHERIREE C 2 AJ9 51 N RIEEALHRHE , IR RIZL & SNP(Chrl 7111834 G/AD oL 5 4 AU AL «
The artificial mismatch base C was boxed and the SNP (Chrl_7111834 G/A) comprising bases are underlined.
2 AS-PCR F1 dCAPS 43 FARIE5 |4
Fig. 2 Schematic diagram representing the primers for AS-PCR and dCAPS molecular markers

DNA Jy BRI £ 0] 338 KO 176 bp Y261, (H A PSR 2173009 152 bp 124 bp HIZ&HT , LI O

1-

A 24 LL01-7a HAH DNA AR , BT 38 (1) 2% 5 o]
LB FspB 1 BT B BE 23 318 152 bp #1124 bp %%
i (E 2.

2.4 AS-PCRF1ACAPSHricF 4

IS FH Al ¥t B % AS-PCR 514, L 01-7a Al
AR ZZ 1) DNA ABAR , PCR 4 1 45 S 1 4] 3-A
FiR. XF01-7af# ] AS-PCR-F1 A L35 5| i vl 4
1 H 5 UK 205 bp AHAF 1) 26 , 1M A AS-PCR-
F2 9 B 51 W i WA 4 3G, bl ke ) BB 01-7a 7E
Chrl 7111834 G/A {7 s 5E R 8 A/A 5 DL I8 i
T ZZ DNA MR I, 37386 25 500 F1 01-7a 1F 4 #H
X, BI LA AS-PCR-F2 Jy b i 51 I n] 97 1545 21 5 il
K E 205 bp A 7T E/J/-J:'Fﬁ’ﬁﬁu AS-PCR-F1 & L
S WA 438 ) S A ZZ B R A
G/G. AS-PCR ¥ Hg45 J 5 WA S R —50, £Wi%
AS-PCR bric IE#A 2.

N AT e —%F dCAPS 514, LL 01-7a SAHAN
@ B ZZ DNA AR , PCR 448 45 S an & 3-B fir
7, YRS 5 TR EE 176 bp HIFF RO 61 . (HRAH
PLO1-7a il il DNA B4R B , PCR =47 AT 44 B ) R

7afE Chrl 7111834 G/A L 55 fIFE KRR A/A 5 DL
B ZZ DNA N , PCR P AN = Hi B, %
B St 3 A A ZZ 1 26 R AN J& AJA. dCAPS 43 #T 4%5
R E TS B — 80, £ 1% dCAPS brid IEHIE 24
2.5 AS-PCR#dCAPS #RiC7E 12 193 EA H 44 £ 51
FEI R

RiE— P RHIE AS-PCR A1 1 dCAPS Fric A
B KPR iE N T 12 0 R A R S . X 124
SRR RL 78 56 2577 X 2 T R 3 B R,
01-7 EHAh 4 0 AR A 8 10 (R 1) 25K, AS-
PCR-F1 $5 5% 5| W1 1E BT AT 4 4y 01-7 S R AR 2 3
T H TR B 1 2% 5 T CE LA A A A R R 35 R A
FY 18 (K 4-A) ; AS-PCR-F2 W E T 4 443 01-7 44 K1
FIE LT A AN H EILA 18 2% T G AR i A R 35 HH B
i (B 4-B) . dCAPS ¥Rt 7 Hr R 81 , BT A iH A A4
R HE H 176 bp 5% 7 (B 5-AD % H 2 7, (HAE
A5 FH IR 1) 14 P O) BE V) /S 5 4 43 01-7 B A AL RL ) HY
B 152 bp (BED) =40, 1 3 475230 S A Rk
Eﬂffﬂﬂﬁﬁi‘ﬂ%b‘éll"]ﬁ}ﬁﬂﬂ Eéltlﬂ%%fﬁ%ﬂz@tﬂ(l’%ls—

o BRffigrsbh, UL g RIS o JEZTAE P il
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Fl F2 ND D
A B
M 01-7a 77 01-7a 77 M 01-7a 77 01-7a 77
500 b

400 bp
350 bp

300 bp
250 bp
200 bp
150 bp

100 bp
50 bp

A. AS-PCR X ,F1 Fll F2 73528 AS-PCR-F1 Al AS-PCR-F2 5|#%t;B. dCAPS < ,ND Fl D 43 B 5 A B U6t B AIBE D) [ vi s 27 Fa AR

FimHAl ZZ. M. DNA KEFRiC.

A. AS-PCR reaction, F1 and F2 represent for the AS-PCR-F1 and AS-PCR-F2 primer pairs, respectively; B. dCAPS reaction, ND and D refer to

the non-digested control and digestion reaction, respectively; ZZ stands for ordinary huyou ZZ. M. DNA Marker.
3 01-7a FE@HAMH ZZ B AS-PCR F1 dCAPS K I
Fig.3 AS-PCR and dCAPS reactions for 01-7a huyou and ordinary huyou ZZ

A < O ] el
~ ~ ~ =~ <
M B L
©c o o o =

HYb
HYc
HYYa
HYYb
CH
HR
XH

s o o

B s 5 5 5 s
M =~ = L L Z

S o o o =

HYb
HYc
HYYa
HYYb
CH
HR
XH

A. AS-PCR-F1 5%} ;B. AS-PCR-F2 5|#)%F. 12 34 EHME R L& 1. M. DNA KJEZFRC.
A. AS-PCR-F1 primer pairs; B. AS-PCR-F2 primer pairs. Refer to Table 1 for the information on 12 accessions. M. DNA Marker.
4 AS-PCR 5 FHRBTE 12 HAMhET R4 B B R

Fig. 4 Application of AS-PCR molecular markers in discrimination of 12 huyou accessions

FRAC 3 AT B 240 R B R A TR 0 4 B, BN AE A
AS-PCR = I H #5) A Red7 38 H 2% 7, 75 dCAPS 23 #r
I 28 D) 7 A2 K B B AE 152 bp t.3E 176 bp 19 H B
25 4 1F 5 SCH L 43 M Sanger I 45 ST I EL
(I

NN T A bR A0 E X 28 W Al A4 R ARG Chrl
7111834 _G/A D7 s R 73 BRI PT 5, XF 12 43
PARLIIX — SNP A7 s 3 /5 7133847 T PCR Y4 . 5
% Al Sanger M JF 36 4E W) 7 LE X &5 LB, BT 4
13 01-7 M RHEIX A~ SNP A7 s 1 2 PR B /2 A/A L T

At 5 e 3 R R R 2 G/G (B 6 BHE TR ) , 5 AS-
PCR F1dCAPS 73 B4 R —5.  [FIIF, I 45 AR
TN G AE AN AS-PCR [ B R B RGeS 18 HY 4%
M A2 PR A I 4078 46 A7 TR RE 5 51 ) b A A4 3
ANIRIE TR (B 6 A2 BEAE BT ), S 3051 W 45 G AR
DNA fIRE S8 K KI5 . 10 7E dCAPS 43 #7241
H IR TIUHEG U] v B2 RO AR X B 91 v e 4147
15 R AR FspB 1 A AL 5 CTAG (& 6 45 1 AE Fp
) e [ER IR, A HAFAERI R FspB T 17
WAL A5 NN dCAPS Arid i & Xt 01-7 51 N
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s © o < 2
A ST T 2 28 % oz ox oz
M & & & o = =m =m =m =m O =T X
500 bp
200 bp
150 bp
100 bp
50 bp
< ) 3} o [ f
s S5 S S g s 2 £ 5 zox oz
M &5 &5 &5 & = = T T T ©O T X
A BEVIRG B, BEVIfE . 12 AP EHE R AR 1. M. DNA KERRE.
A. Before digestion; B. After digestion. Refer to Table 1 for the information on 12 accessions. M. DNA Marker.
5 dCAPS 73 FHRigTE 12 A RIEER P HI R A
Fig. 5 Application of dCAPS molecular marker in discrimination of 12 huyou accessions
01-7a GEAGARCHETGTGECCTCCCGGTTCGAGCGEE
01-7b GGRGRRCETCTGCCTCCCGGTTCGAGCGEE
01-7¢ GGAGARACETGTGCCT GTTCGAG
01-7d GGAG ATGTGCCTCCCGGTTCGAGL
HYa ETTCGAGTCGCAGNER DY GGAGARCHMTGTGCCTCCCGGTTCGRAGCGREG
HYb dTCGCCTTTIGTTEGGAGAR
HYc dTCGCCTTIGTTEGGRG
HYYa i GGAG
HYYb TGGG GGRG
CH TGGG GGAG :
HR & ; SERGRA I-‘I'l-‘l.'L'TL GITCGAGCGEE
XH dTCGCCTTIGTTRGGRGRR HTIJ['I:[ CTCCCGGTTCGAGCGE

Consensus TQQQtTtgctc Cca ttcgagtcogcoag

ATCGCCTTIGTTEGGAGARC
tcgectttgrt| pgagaac tgtgoctcocoggttcgagogg

TETGCCTCCCEGTTCGAGCGG
ga ttcta tot

BEHEPRFI RS SNP A7 5 5 22 IUBHEFT 2R I HEZLAE AS-PCR SIALIK 3 ANEIAN AL , A JUREHE T /R B B 2L iR — s AT AR R

SRI FspB T I A5

The vertical box outlines the SNP site; the left horizontal box outlines the three extra mutations in Cuihong at the AS-PCR primer location, and the

right horizontal box outlines the natural FspB [ restriction site formed by one base mutation.

6 12 {3#R#hA R SNP (Chrl_7111834_G/A) i ZiMFLER
Fig. 6 Sequencing results of 12 huyou accessions at the SNP (Chr1_7111834_G/A) site

FspB 1 iR AL 5 A E A, 1 2 AH 2R 38 bp, BRI
4L PCR P=44% FspB 1 B % 62 bp 1117 bp iX 5
A B 5017 A . F, g8A0E FHIX B A bR
AR LSS5 01-7 B A, 180T DLSS S MG £

3 W 1w

it o 4 - 25 90 8 AT ) 45 FH 2 T PCR 1)
FhRC, (HIX LTy i g B kR, A el AT 5
JEANE, W RAPD Fric % i€ BURF S PEAS 58 H 8 8 P
B 2229, SSR b 18 1R ME [X 43 38t 4% -+ 43 AH AL Y

T, fifigE T AR AR % , SNPs [ £ =
B AR RARIR AR AR SRR S RO
I3k = JIPa i b B3PS ity s Tite il o8 PN A< N RV i
o b B PP AR AT ORI T 5 2R
FRI0 e SRES = A4S o i DR AN AL B AR

I HERHE A A B iR Al e, AR R E
A TR 2 B, A I A H 2 PRI, 43t

D] 2HL B 00 P B R TR 8 Dy 42 4 SNP ) B 2L T
Bto Pei ZCUNT ELUE R0 b M R B EE AR 42 BRI 90-1
TP AT T Ak R A BN R M, AL A A
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P AR & 1% AR 57, 383 Sanger W 738 UF T
Bl A= F A 5> SNP ; Guan 25°F] F 360 43 Bk i
oG 114) A 25 D] 4 0 A R R A T el 775 A
SNP 4 5 FR A 5% 4138 Fr o Serra Z8B25%} Rocha L 1) 8
ANTEME RBEAT 7 I R 4 0, 48 5 AR S A AT
B 1288 TALT9miL P8 L2164~ SNP. 2EHTEAR
W 5T 01-7a FIARR A @AM S IT R 74
FEPZH E M P, 5 SNP HEAT 74240 . A(E T 540
FhRIC TR AN , 56 H P2 38 405 SNP [ AE W15
B SH RS — AN 4l5 SNP, FF & T A
J% ] AS-PCR Al dCAPS Frid , AR T A4 E 1052
T, WAy HAR R T R AR R 2%

AS-PCR #512 Al dCAPS #xic # 4% £ T PCR [
SNP 73 B 7532 , A 45 B A 1 51 R A S5 Al A
B, P A7 702 3 a5 . AS-PCR A id #H R T
dCAPS RIC T 7 B NZ 5, (HH X PCR R MAR &
&7 B8 IR, I FLACAS 5 H IR B A, B8] 7 )
PCR 1 £ 1 %20 73 b 9] . Tm {8  PCR 1B PR B 25 504
BN B B R, T A I T e R A A
dCAPS Frid #H#: T- AS-PCR bric B AaE (B TH
ey V) A 5 B, 7R — AR B3N T dCAPS 40 #r
(I RAS o [RII , dCAPS 75 B30 & B 1 g 1) I 18]
B L (R 95 7 73 P D7) STl G R PR 7P, DA s T
B AL H W, A, AR SNP A s R B ad it
U — AN R A 5N D) IR A AL, B L% SNP
TiE AT dCAPS bRic T K. R, BFARic 777255
AR, AT AR

28 R AW 5T I R 1) AS-PCR 1 dCAPS #r
I B N B AT [X 43 01-7 A e 40 5 oAt i A
I3 T FRAC 2 B LA B X SNP Al 38 3 5130 7 45 TR 1y %
B M 215 F A B A A7 AR O 22 S, HE I H AR YR
WEAH A, XERE S — . Eaimi—H
EAEFRY T4 IG, & N RR L A . R
SNP il 3 7 51] , B 205 01-7 SHA 2538 55 4l - 5
FhAC A a AL AR b 20 P H A I AR — B (R PR v
1£99.6%) , R, BAR HOMLL B2 Al . 25 A AT
T R AR IE AN B IX 43 Bk 01-7 EA AR AN 412
A0 E At S Al AL R, J5 SR AT 56 UE BE 22 (1) 4h & SNP AL
RO R A BRI -

4 4w

T 01-7a F12 38 S AT Z2Z GHZ2 R )4 3 R 240

HWF HHE, LB T — A4l 4 SNP (Chrl_
7111834_G/A) , 01-7a F1 3@ S Al ZZ 1 2 E5 34 5 1)
NA/AFIG/G. i#—5¥41% SNP I & B AS-PCR Fl
dCAPS AR , 7 12 3 SN R (0 52 2 8, A
T A0 Bk 7 B AT 01-7 A AR B A X 4> . BT
Jfa 21 4E SNP 3 /5 51 h AEE B A e, S BUX M
I3 ARt ] DL M 20 W AR A e ok .
HTEARTFUHTT R T 665 51 Al b 2 A
B R R 43 - hac w] SR T 01-7 BHA S JfE 21 1) P R
TS T Al B LR, AT B 77 3 AR o
HETMPAE . T SNP AU P41, kM 41 5 HoAth A
M5 25 0% AR RHLITE , B 20 A A 5 BRME £ 40 10
By BA R AR 7 21 [R) U 2 7518 99.6% , K B & T
At 17 ARG A, IR A 21 52 R A o
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