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Study on diversity and sex determination of Actinidia valvata
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Abstract: [Objectivel Actinidia species are native to China, which provide rich germplasm resources
for rootstock breeding. Kiwifruit is one of the most successful wild fruit trees domesticated in the 20th
century and is increasingly popular among consumers because of its unique taste and high vitamin con-
tent. Grafting is an asexual plant propagation technique that combines desired traits from both rootstock
and scion. This technique has been used extensively in fruit crops. The current kiwifruit industry relies
on a few rootstock cultivars from seedlings of Actinidia chinensis and A. deliciosa. The rootstocks se-
lected from A. valvata are much more tolerant to waterlogging stress than those from A. deliciosa, and
are commonly used in kiwifruit production. However, supposed consistent clonal rootstocks of 4. valva-
ta accessions are mixed and their genetic backgrounds are various. The genetic diversity analysis of
plant germplasm resources could lay a solid foundation for kiwifruit breeding and utilization. To clarify
the relationship among different 4. valvata accessions, the diversity of 62 4. valvata accessions was ana-
lyzed using seven microsatellite DNA markers and 36 phenotypic traits. The plant sex determination for
cultivars and accessions within species is the first step towards the correct classification of kiwifruit
germplasm. The present study used sex-related DNA markers to identify plant gender at its juvenile
stage and these plants could be maintained as male and female plant populations separately. The perfor-
mance of male individuals of A. valvata rootstock is found better than the female ones in kiwifruit pro-
duction. The aim of this study was to identify plant genders of these 62 accessions with sex-related

DNA markers for better utilization of the male 4. valvata germplasm. [Methods] The sixty-two 4. val-
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vata accessions were used as materials. The diversity of these studied accessions was evaluated based
on their phenotypic characters and genotypes of seven Simple Repeat Sequence (SSR). The sex-related
DNA markers were used to identify plant gender, and 34 flower-related attributes were evaluated to veri-
fy genotyping results. [Results] Among all the 36 phenotypic traits, except for the lenticel color (gray-
ish white), leaf texture (membranous), leaf tip shape (caudiform), flatness of leaf surface blade (green),
flatness of leaf pubescence (none), petal shape (ovate), the main color of the interior of the petal
(white), clutch condition base of the petal (reunion), calyx color (green), female style posture (oblique
growth), style color (ivory), female ovary shape (bottle), male filament color (white), anther shape (ob-
long), anther color (yellow), petal color gradient(none), the remaining 20 traits showed different de-
grees of phenotypic variation, of them 16 traits were descriptive traits and 10 traits were quantitative
traits. There were 25 various types for 10 descriptive traits, according to the characteristics of shoots
and leaves, these 62 accessions could be clustered into five groups. The first group had the most diverse
twig and leaf traits, and the petioles were mostly purple red. The second group only had one individual--
A1l and its internode length and annual branch thickness were lower than the average of all individuals.
The internode length of the annual branches of the individuals in third group was higher than the aver-
age of the all samples, and the thickness of the annual branches was lower than the average of the all
samples and the leaf shape was oval. The leaf length of the fourth group was higher than the average of
the all samples. The fifth group only had two individuals, A43 and A27. The internode length of the an-
nual branches in this group was the largest among the all samples, and the thickness of the annual
branches was higher than the average of the all samples. The color of the annual branches was grayish
brown, the pores were all elliptical, the leaf shape was oval, the leaf edge was all wavy, the leaf base
was all circular, the petiole length was lower than the average of the all samples, the petiole color was
all greenish yellow, and the leaf length was higher than the average of the all samples. The used seven
SSR markers amplified a total of 69 alleles, with an average number of alleles 9.86 on each marker lo-
cus, the effective alleles were 218, the average polymorphism information content (PIC) was 0.626,
and the average observed heterozygosity (Ho) and expected heterozygosity (He) values was 0.994 and
0.686, respectively. According to the SSR marker polymorphism, the 62 individuals could be clustered
into four groups. The gender-related markers had identified 18 female plants and 43 male plants; the 34
individuals of flowering had been identified, 13 individuals were female plants and 21 individuals were
male plants, while result of the gender-related marker identification showed that there were 9 female in-
dividuals and 25 male ones. The consistency between the morphological sex determination and the sex-
related DNA marker identification was 79.14%. [Conclusion] A total of 62 accessions of 4. valvata
showed abundant phenotypic diversity, especially for twig and leaf traits. Combined with plant pheno-
typic characters and DNA marker genotypes could effectively characterize the 4. valvata germplasm,
which could provide tools and materials for further breeding clonal male 4. valvata rootstock.
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Fig.1 Different flower sex of the A. valvata
F 1 SERRYHER R R E S RinE
Table 1 Descriptive traits and classification of A. valvata
53 ZiknifE Classification
AR Traits
0 1 2 3 4

1 FA: 8 One year shoot color K [ Grayish white  #5{% Brown JK 4 Grey brown HiHE Tawny

FZFLIIR Lenticel shape KARTE Long spindle 4542 Short spindle [ Elliptic

7 FL.% % Lenticel density fik Low # Medium = High

7 LR 4 Lenticel color K F Grayish white %3 Light yellow #5£f Brown

I Fr TR Leaf shape P Lanceolate  BP [ JE Ovate L IETE Cordate LA
Broad ovate

i i Leaf texture fI )il Membranous 4% Papery # )i Coriaceous

2R TEIR Leaf tip shape 2R Caudiform AR Acute iR Acuminate [7 7% Round

ARG TR Leaf edge serration M4 UG Fine serrated #1454 Coarse serrated  J%7RIR Undulate

I JETEAR Leaf base shape [ 7% Round »J& Heart-shaped H2TE Cuneiform

AR Petiole color Zk (% Green %}3% Greenish yellow /K[ Grayish white E- AN
Purplish red

IR TH 2 4 Leaf surface color %%k Light green %k Green TRZE Dark green

TEF ¥ Flatness of leaf surface *¥Ji# Smooth FL¥¥45% Wrinkle 25 )X % Revolute

M5 Flatness of leaf surface Tt Tawny %%k Light green £k Green Lk

I3 3 & Flatness of leaf pubescence JNone A Yes

Tefr FAE TR Z R
Type of inflorescence Single flower Dichasium inflorescence Pleiochasium inflorescences
TEIETEAR Petal shape YR TE Ovate [# B [ J£ Broad ovate  #Ffi[& JE£ Oval
TR0 (5 1 {5 White £k 1 Greenish white 7% [ Yellowish white
The main color of the interior of the petal
TEIMBE R FE Petal color gradient Jc None 15 Yes
TEIEIET 5 A I 77t Separation 4 Joint i 7% Reunion
Clutch condition base of the petal
TEZEE L Calyx color FL A Ivory £t Green 164 Brown
TEAEZS Style posture 37 Erect R K

Oblique growth Horizontal
1EREFit Style color FL A Ivory %1% Light yellow V&% Light green
162215 t4 Filament color 1 {5 White K&k Light green K141 Pink
162§ J%IR Anther shape YR [F Y Ovate 5 J¥ Reniform KM Oblong
1EZjgith Anther color 75 {7 Yellow MK Grey 5 Black

F AR Ovary shape L Bottle A Oval [ ERJE Spherical

Yellowish green

Yellowish green

ELLAIK

Erect and horizontal

IR4L Dark red
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60 B 5 B AT B, —20 °CARAF %% ], DNA 42 HL[A]
i) T+ SSR 237 R 591 45 5

1.4 PCRIARSEMERKQM

2 [ Lai 2527 3% H1 K 15 4> SSR Axic , iR 5 £
ASHEEE BN IEE 2 SR By e 7
%} SSR 5| #3347 PCR(FE 2. TX 51T A
THRECEE M AR AT G K. PCRY I KB
RN 10 uL, 5 5 pL Mix i« R 5149045 0.35 pL-
1 pL 30 ng-mL"' DNA #&#j , 3.3 uL ddH.0. PCR "
HWFE N :94 °C 5 min; 94 °C 30 5555 °C 30 5;72 °C
40 s;72 °C 7 min, £ 35 MEH, 10 °CLRAF . HUPCR
P 0.3 pL 3 J5t B AR 0.5 pl 125 B H I i
9.5 uL B A I PCR 4% , 95 °CZZ 14 5 min, 4 °C¥ %

%2 Fif SSRiRICSIMER
Table 2 The information of SSR markers

EIEZE S 51 (53D FITHTT Jr BRI

Primer name Primer sequence (5'-3") Repeat motif Allele size/bp

UDK-096 F:CCCAAAGTTCCTCACTCTTCC (CT)(GT)u 99~163
R: TAAACAAAAACCAAATCTGGCA

UDK-103 F:TCTTCTTCCCTTTCTTGGCA (TC), 114~138
R:GCTGTCTAGTCATTTCCCTCAA

UDK-125 F: ACGAGCCCAAAATAGAGTTCA (CA)is 204~254
R: TGAGTGCAGCATAGCTACTTCC

UDK-128 F:GCTCTCGGGACTGTTTGGTA (GT),GC(GT)(GA) 141~185
R:GCAACGTAAACTCCGTTAACG

UDK-143 F:TGGTGTAAAGTCAAAAACAGCC (AC)is 110~150
R:AGAAGATTTCATTGTCCTCCCT

UDK-153 F:CCCCAGTGGAGATCACTTTC (TG 146~172
R:TGGATATCTTGCCCATCTCC

UDK-158 F:GCCCATCTAATCCGTACTCTG (GT)is 115~131

R:TCAATTGAAGCAACTCTTCTTGA

Era SRR SIME R A Lai 57, b $RAGESIE 62 (] SRk by 4 i BER/b e R

Note: a indicates primer information came from published article Lai et al.””, b indicates the allele size amplified by seven SSR markers used to

evaluate 62 4. valvata accessions. The same below.

J& 50 1 x Buffer 22 ¢ - ALEEAT B 418 3K
W BAREEAE D BRARAES AR R E U .
1.5 MRS FIRCEE

P SyGIFN FrBy FE K ¥ it 51 #4714 591 43+
Y58, X A3 X BE R R MEHEAR , UL Ank marker {F %
HE DA PCR T B4 2 3 i ) o I A7 AE/AAFAE R
X 7 BERR AN AR , BERR BEST 3G H 3 Fl PCR =47 , T e
PERE YA 15 Bk B, S TAEM TR CE
OB B R AT A . BUPCRFH0.3 uL 4> T it
B NFR0.5 pL 12 51 I 9.5 pL -4 I PCR
% 5,95 °CAZ 4 5 min, 4 °C¥ ) J5 250> » 1 xBuffer ZZ
WML (R 3D,
1.6 HIELIE

R AR A7 38 1 14K B 7 G Aw AE £ FH Microsoft

*3 MAEXRRCIMER
Table 3 Primer sequences used in sex identification
SIEHE o153 JrBORR

Primer . . Allele
name Primer sequence (5'-3") size/bp

SyGl-select F:ATACGAAGTTTGAATCGGTGATTCGTC 86~90
R:CTAAGCCCTAGGGAAATATTTTAAAA

FrBy-UD  F:ATTCCATTCTCATTACTAACAACTC 289~297
R:CCTAAAATAAACCAACCAAGAAAAC
Ank-UD F:TTTGCCTAAAGAAAGTAGTAGTCAT 152

R: AATTATGAATGGGAGGCTTCTT

Excel 2010 X 57 - PR BEAT 5506 048 57 R AT
{55 FH SPSS 23.0 B A %o H5 B 28 1 R AT AH S8 23
BT fF FH RE 5P 3R B RR QR 29 5 F AR A i
Fic Xt S ARV 1872 (UPGMAD #E47 F 254347 5 F GenAl-
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40.47% , V3448 7 ZE0N 21.27% , 7 W LA AL 1
REFMEREE. THKENERRBEK, N
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T4 WEFRROER RSN SRR ST
Table 4 Frequency distribution and diversity of

descriptive traits of A. valvata

e (]

PR Frequency distribution/% BRI

Traits CVI%
1 2 3 4

L AEAE R B 1.61 2259 7419 1.61 1820

One year shoot color

JZFLIIR Lenticel shape 17.74  82.26 13.65

J% FL# ¥ Lenticel density 3387  66.13 17.93

M A AR Leaf shape 6.45  93.55 12.80

AR IR 1.61  50.00 4839 21.66

Leaf edge serration

IHJETEAR Leaf base shape  95.16 4.84 20.63

i 4 Petiole color 4.84 5323 41.93 37.91

IR T 484 9193 323 14.41

Leaf surface color

ENIR 90.32  9.68 27.18

Flatness of leaf surface

Pl 94.12 5.88 4274

Type of inflorescence

R5 MEFRREBER RSN

Table 5 Diversity of numeric traits of A. valvata

B R VIME ARAEZE BOE HIME B R R
Quantitative traits Mean SD Max. Min. CV/%
1 AF AR A 1 R 23.07 729 46.62 9.83 31.58
Internode length/cm

AR AR R 405 135 747  2.02 33.30
Annual branch diameter/mm

RIS 2.19 0.88 7.63  0.90 40.47
Petiole length/cm

K 6.70 1.49 10.12 341 2224
Leaf length/cm

M 4.17 0.99 636 196 23.69
Leaf width/cm

167 B A% 32.06 2.74 36.76 2130 8.53
Corolla diameter/mm

HACAEIR 7.00 0.75 8.00 500 11.15
Petal number per flower

A E R 3.00 0.41 3.00  2.00 14.69
Sepal number per flower

TERE%L 18.00 3.38  25.00 12.00 19.10
Style number of female

HEEEHL 43.00 3.43 49.00 36.00 7.96

Stamen number of male

Yo SRR 1 5 AN EE BRI AT AR G
PE 3 #7155 A BOAE 2 11K TR) 35 2 AR L 35 TR A R
(p<<0.0D). Horhmt K5 i 58 FE B AH ¢ R 2K
511 (0.860) , 1 4F A2 KR 2 5 A K B 1) AH 56 R 3
/N 0.678)(F6).
213 A TFTHeTBRGRESH R 62 702
TR R A et bR 1) e RR SR B8, R UPGMA V23 33
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Table 6 Correlation among numeric traits of A. valvata

T Htem LA T K VEERGHE R MK R
Annual branch internode length  Annual branch diameter Petiole length  Leaflength ~ Leaf width
LARAERYT I HC E 1
Annual branch internode length
1 = HHLEE Annual branch diameter  0.678%* 1
14 & Petiole length 0.352%* 0.325%* 1
I A Leaf length 0.497%%* 0.548%%* 0.682%* 1
I 56 B Leaf width 0.436%* 0.500%* 0.550%* 0.860%* 1
VE FRIRAE 0.01 7K COUR D B2 92 5 AH R A o

Note: ** indicated significant correlation at p<<0.01 levels.

TR B, FERR R B 4 7.5 Ab W] 62 73 6F 8k
Wk BT 2 9 5 4 (B 2)

—HAFE : B63.A59.B49. B3 B26 253 27 4>
PR, AR R R R FEE . 1V FEARE
R NG €, W AR O B T A0 ) B T, I 50 R
DR RELBE 6 RN R 1, I 25 (5 R RO T, I A 3 £ 55
AR - S IES S TR N e S
T 22 1 g /0 $ LR 4, 1 A AR Rl 1) K R B T
FEAF 158

AL AL AN ERRR A AR A
FERN 1 AR B K T B A AT IME , 1 AR
s, B ALEE T, LR AR T , 7 T AR B
[T , R B U, W SR [, A B, ISR T 4%
S TR e o S o RSl T S = 7N BB 74
=R

o5 = AL 4R A49.A4.A23.B1.AS0 25 154N
PR 1 AR AR M Y s T B AP35 1E 1
AR RO B SR T B AP M 1 F AR S A S
TR DB s R FLB B SRR, R L a2,
e FEAR IS A BRI T , P 30 JROTR BOREL B 14, 1 2 Bk
A26 5 D IEAN , HRYINIRTY AR K AL 8 2k
MR Nk

55 DU ZH AL 45 A35.A6.A7.A30.B48 %5 17 N
o A VAR MK BEALR T2 =4, 1 A
PR, KA A £, 1y 22 B T D BT T, 2%
BIRARATH G 4 , AR R 2 B TP 318, i %
SO DB G RIS NG, K Y
T A AME , M R 2 A TP

R R H A3 R A27 AN BLRR . %4 1 A
T B) K B2 A AT R AR T B K, 1 AR AR R R 3
T BRI, | ARG E, B LI

T, i AR BB R , it S 3503 VAR, ik 35 1R
AR BE SR T R AP, MR e 2 s
M A ) i T R AT R4
2.2 BT SSRARICHIIT ERAEIE ZHEME 4

FH IR 7 %5 22 251 = 119 SSR 51953 #1 62 43 %6F
SRR AR B 0 2 R0 56 BT B 1 7 6 SSR ARl
TE 62 KRRk BT I8 Hh He ™ 31 th 69 N7 IR,
FEAFRICAT AU S 07 HE RN 9.857, 48 5733
N 2~18. F S5 A7 ik R i T E 1K 51 ) 2 UDK-
125, 9 34t 18 AN R, 177 514 UDK-103 R 93
2 AN EE R . P S R0 AL R (Ne)
3.977; PRI 44 4 FE (Ho) N 0.994 ; “F- 3 {2 J &
£ (He) 4 0.696; SSR % #1587 & (P1C) [ 22 L3
FEl 4 0.375~0.848 , i 126 1 51 71 H UDK-096 (1) £ 4
P f% 5 (0.848) , UDK-103 F) % & £ (0.375) , °F
YIZBEREEN0.626(F3,K D).
23 SSREEFHEBERELESH

L 7 X6 SSR G443 BT » 62 # X ZRRAE Bk F
1) 382 A% R 25 AR S Y B O 0.06~0.71, “F 3 {E N 0.39.
Horh B21 1 B62 25 3t 4% IH BS £ K (0.71), T A23 il
B58 251 1 A4 H 25 152 /N (0.05) .

PR A4 )R] 1) 388 4% BE 29, SR FH UPGMA 1L %] 62
o S VB AR EAT B AT (B 4D, e 2T 62 177

o SRR RE RN T > g 4 N4 T 4LALFE B21.A27

AIBI1 45 16 AN Bk 55 11 46045 A38.AS Al B52 2%
24 LR S T4 A0 35 AS4.B62 Ail A7 3t 16 4N #
Fho SBIVAHEB7.B20 1 A1 6 4 Hkk.
24 MRHEE

62 MR R Bk AR, T A1 RIS, HEE
XTF R 61 MRIEAT Y 70 %508 , 134T 0 T YR 25 08
(161 Bk BLAR AT 18 MROMERK , FL AR 43 Bk IERE, 7E
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Fig. 2 UPGMA analysis of A. valvata based on phenotypic trait
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Fig.3 Capillary electrophoresis peak map of A. valvata at 7 SSR loci
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Table 7 Polymorphic information of SSR primers

B 4T Sy FE R B A R R A LI 2% & B WG EZ N E¥cNs
Prime name No. of different No. of effective Observed hetero- Expected hetero- Polymorphism information
alleles, Na alleles, Ne zygosity, Ho zygosity, He content, PIC
UDK-096 15.000 7.515 0.976 0.862 0.848
UDK-103 2.000 2.000 1.000 0.500 0.375
UDK-125 18.000 5.766 0.991 0.826 0.816
UDK-128 12.000 3.890 0.992 0.720 0.672
UDK-143 12.000 3.669 1.000 0.727 0.687
UDK-153 6.000 2.932 1.000 0.649 0.581
UDK-158 4.000 2.066 1.000 0.516 0.399
“FH5{H Mean 9.857 3.977 0.994 0.686 0.626
B21
| A27
: BIl
i L ——n
B44
———————— B48
— 48
B58
B54
A9
— 3%
A45

B8
All
H A29
A20
A4

Ht I_|: AS3
A6

B20
X —L
1v Al3

El 4 EERMEHE SSR FRICRE DT

Fig. 4 Cluster analysis of A. valvata based on SSR markers

XA B R AE Y] (2024 SE 4 H 22 H—30 HD, 610k GrfERR. 1X 34 3 XS BRAE kAR 150 70 5 hr i 46
A 3AMRTIIE, TTEAT IS . 1B EIREME 4RO HERRAN 25 (3 MERR (R 8) o 344 % 45
SRR, 34Oy R R AN BT P I 13 MERR 21 BBk S TR ) S E AR A S s e A R — B
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Table 8 Result of sex identification for 61 4. valvata

S8 BN PE 51

BEAR Allelic fragment size of primer/bp Gender
Sample W e A s

’ SyGl-select  Ank-UD  FrBy-UD ﬁiﬁﬁr identification f/fc‘)l;i)foﬁgical identification
Al 86/90 152/152  289/297 Ttk Male —
A2/A38/A43 86/86 152/152  289/289 HERR Male HERR Female
A3 — 152/152  — HERE Female —
A4/A27/A41/A59/B38/B45/B52/B60 90/90 152/152  289/297 HERE Male —
A5/A24/A30/A31/B7/B19/B20/A7/A8 — 152/152  289/289* iRk Female HfE ik Female
A47/B56 86/86 152/152  289/289 TRk Male —
A6/B46 86/90 152/152  289/289 TRk Male —
A9/A13/A20/A23/A29/A44/A45/A46/B10/B11/  90/90 152/152  289/297 TRk Male HERE Male
B21/B26/B44/B49/B54/B58/B63
A16/A26/A50/A56/B1/B3/B14/B23/B62 — 152/152  289/289* HERE Female —
A35 90/90 152/152  289/289 Ttk Male —
A40 90/90 152/152  — itk Male HERE Male
A49/B48 86/90 152/152  289/297 HERE Male PR Male
AS53 86/90 152/152  289/289 HERR Male HEER Female
A54 90/90 152/152  289/289 HERR Male HEER Female
B3 — 152/152  289/289* IERE Female —
B8 90/90 152/152  289/297 PR Male HEER Female
B13 — 152/152  289/289% MERR Female HERE Male
B55 88/88 152/152  289/289 MR Male —

T HAFIR T SRS RA—BUR S B SIFOR AT AL S W B PIFOR AR R 1 B *FoR bR FrBy IR
HMHE

Note: Bold indicates molecular identification is inconsistent with morphological observations ;

I3

—”indicates no flowering in the morphology iden-
tification column and no amplification fragment in the primer amplification column; * indicates unexpected amplification of the FrBy marker in fe-

male genotypes.

AsL U W RN RS T WA RN TV EPN IS S S
ASHEFUH A SSR 73 FARICHIA , 7 4368 Bk
TP 8 A% 2 RE I, WF TS5 SRR WIBRE ) 74> SSR AR

H79.14%.

3%

A= S R SRR AR o IR A, B T
TRAE B AL i 1 R 22 8 P4 A0 SSR B AC A 55 2 75 1 43
B, TS 2 RevE . AR X SRR 1) 36 SR
MR BEAT ZREE 00T, A 20 MR IEAEAR 52, R[]
PEIR H] 25 5 RN T 7.96%~42.74% , ¥4 7 &
N 21.99% , 2 B S SRR B B AR IR AR S 2R R 4
2 B RIEER K AR FEE M2, RER
PER A E T AR P 5T 155G 0T B Bk (1) A 4
FRAED . UL 1 62 4 B 5 1)~ S B A8 5 R BN
23.98%, L 34 3 B i AL AR PR T3 = Rk
17.36% , Xof SRR Bk Aok A A2 2 AT 1D 7% e i 2 L
TER IR TE =5, AR R S A R AL T 62 1
X RRAERE BRI o> A S 4L TR RE AT DA A [ 6
BRBER SRR A2 7E ] B R B 2 5 0 62 1 X 8k
Ao kTl A I 1 S AN B50(E B POIR [R] S A G, o
I A B O I B A S B s, X 5 S R

it P2 EME RS ECIC) N0.626. HEZ A
15 B & B4R & (& - PIC=0.5; 3& 7 : 0.5>PIC=
0.25; i : PIC<<0.25) , & B A58 Bt FH 19 7 % SSR 5]
MZ BRI . 620X R T Sk 8] 1)~
B AE B BN 0.39, BT S AN BACBRBEAR R AR 1] (1) °F
P34 B 25 €0.25)07, Ut B 2B b A5 = & 1 it A%
ZHREPE. ST R R R B (Ve IR T 45 7 2 [R5
(Na) , Ut BHAHIE 72 BT F A RHA SE 2% 00 RO, A 8055
P PR A s PS5 W0 2% 45 B (Ho) 29 0.994 5 ~F- 3 1]
BHAAFE (He) 9 0.686, WLl 2% & BE s T AR 40 &
&, ] B A2 TR R AR B R AT 1R 2 N AR 8] 1 22 R A
BT AEHEI R 2 B A . AR EAL PE 25, % 62 43 Fh
JoT R e MR B R R AT B A, JL X SR R B O 4
H, o AR R BL I BB IR — R ) 2 AR
Al RE AR RS R R AR SO0 T 5 A A IR 2 PR B R e
[ 25 5, T SSR ZE 45 SR B ) J2 18t A% 1 AR DL RE
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5 SRR — 8 B OGP SR AL IEL TS SR
IREE L[ F RO 45 5, BT 62 I bt A W 22 31 34
P A AL A IR, DRk, L REAR R B IR 34T R
R, FRIIEK S SSRFRIC R B L AL, Pifb
BRI 25 T — BN 30.65% , IX 7] BE /& A 5T
(1) 2 B B 22 i TR TR T A MR T 2 5 %
B JAREE B . B RBMR M7 5 SSR 43
Bt Aok , B T v A b S e H Ko SRR Bk 1 2 A
P, RN 7 W A RN 7 B9 , (A DNA ARid
AN 5y S IREE RS, DR, ) DUE S R AN, DNA bR
10N F BITIER AT Z FEE AT
TRAE R L ) 5 — M T E AR )
i WA () 22 DR AN v T bk » (R RRERR AE DU 507
TR T E IR , B AR W A AR 1 0 FE P 58 T AR,
LA SR AR B e AR T 2 A v L v T AR,
L (TR FT R AR SR AT 1T 22 S AL IR R I
TR B BE3E AR IR AR AR P I i 325 1k F 7
I TR TR 1) 5 I L e AR B 5 27, Aok LU o B
PUEEW . H RTBREE A e Tk R A A
FRic Az 2 AR ALY TR T 4 2 TR DNA 4 F AR
TS (A AR AL R [R] T %5 58 5 AT Rl B
PRI, T 5 B 1) 3 K, IR AT DA DNA 43 1
PRI 7E 25 6 R A Ak 1 A3k AT 5 L T 20 F Bl sk
Ao ARHEFH, BEHEAT 2 T 10 48 8 R TR A W%
[ 34 BRI 79.14% 58 8 45 R — 80, K 74
TRELSRGILENEA—I,BI3 IR AL %
TE 45 A BT BE & B 1 SyGl-select 51 )% A 41
W2 S8 7% 8 NMERE ; A2.A38.A43.AS3,
AS54F1 B8 73 F 45 58 N HERRAR L 25 M 52 3% B X 26 i
PRIGIESS AT 6 , BAT 45 A8 77, X vl RE 2t T BT e
(1519 e 45 5 R HOMEIE 2 3 AN REIX 43 i Ak AN
AT G5 FEBEREDY , I% L RHR 15 AT 2 vk , 10 75 1t
— DM IRAE . SyGITE 61 MRk R L 14 H 86.88
A190 bp =/~ AL E: K Jy B, FrBy 3L 47738 H 289 Al
297 bp PN SEALHE R v B, {ELZE AH DR 7 A i 6
SERRERCTE SyGI AL XY 1 H 89 bp, FrBy AL 1
292 bp™, IX A B A& BT P AN 9 B AR R 1 8
B S AR . FrBy fEMEE P2 R AR FAN 3, x5
AR E BRI Bk A U B AE BRI AR MERR 41
282 bp —H(™, 61 Mk bR %5 58 9 MERR 1) 18 £
G 17T E FrBy LS R A T BN, ARER
AN I AR 2 289 F1 289 X NS FE K Y, 1X R TE

TS FH A i 0 e VR ol B SR Ak 226 o ARl FrBy /E
AN [EV R TE] 4 3 15 AN [R] 7 52 s B w5 34T 56
UE, % T FrBy, SyGI FIHER M v GE 3 &y o RI6 R
— DA B IR 56 AL 38 B T A5 45 5 AR Ik, 47
Pried BRS S E SN S —8E, i —
SR FERT R ARk I 7 P 55 1 ) B A DA

4 # w

WL ) 36 > 3R AR A AT 20 S PR R AR AR
Sto WEHUK 7 X SSR A, P2 EMEEE SR
(PIC)790.65, 45 5 R AL 731 BEIEE R RS =50
TR Rl B bR 2 T A AE BRI I8 22 5% th 3R
REEIABLEK , N7 T 7KF L HEAT ) SSR FEEAZ
ISR, TSR o B L o 0 34 43 0 S R A
PR B HEAT SR R 48 B SIS 7 T hRIL
S AR T9% — B, R WL AR AT AE BRI Ak
IO PR R BEAT WD S 5E L 5 T BRIk RS 4 2
BT EAEAC IR A AR EE AT . AR LA RER
W1 A Y R R B o o A 5 SR B TR
L MR H SRS T 45 3R, W10 Wl 1 AN R SR R 4
ik, AT LU 73 845 R0 AN S I A A AL, 7]
I N2 FH A 53] 707 AR IS AN 2 WL R T 32 AT % 5E
NI B BN SRR SR E RS AR S 5 A R
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