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Genetic diversity analysis and core collection construction of ginger(Zingiber
officinale Rosc.) germplasm accessions
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(a. Institute of Biotechnology, b. Institute of Vegetable Research, c. Division of Scientific Research
Management and Development, Taizhou Academy of Agricultural Sciences , Taizhou 318014, Zhejiang,
China)

Abstract: Exploring the genetic relationships of different ginger(Zingiber officinale Rosc.) germplasm
accessions in Zhejiang Province to enhance their conservation, utilization, and provide foundational
materials for breeding programs. The genetic diversity of 30 phenotypic traits for 80 ginger germplasm
accessions were analyzed by correlation analysis, principal component analysis(PCA) and cluster
analysis, Moreover, the core collection was constructed. The results showed that the genetic diversity
index of 15 qualitative traits ranged from 0 to 0.85, with leaf color exhibiting the highest diversity. For
15 quantitative traits, the coefficient of variation (CV) ranged from 7.84% to 44.56%, with branch
number showing the highest CV. Correlation analysis revealed highly significant positive correlations (P
< 0.01) between rhizome weight and plant height, plant spread, leaf length, leaf width, number of leaves
on main stem, aboveground stem height, aboveground stem diameter, sub-rhizome length, and node
number of sub-rhizomes, indicating that indicating that germplasm accessions with strong growth had

higher yield. PCA extracted six principal components with a cumulative contribution rate of 62.423%.
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Cluster analysis classified the 80 accessions into six groups, with Groups Il and III exhibiting taller
plants, vigorous growth, and higher yields. A core collection comprising 36 superior accessions (45% of
the total) was established through systematic stepwise clustering and priority sampling strategies. 7-test
confirmed that this core collection effectively represents the genetic variation of the original germplasms.

Key words: ginger; genetic diversity; phenotypic trait; core collection
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Table 1

Information of 80 ginger germplasm accessions in the study

4w 5 & Name  SRUHL Origin | 4 5 4%k Name  RJfiih Origin | 4 5 &% Name SR Origin
No. No. No.
1 ZRAEE WITAMTW | 28 % Ginger wrr E B | 55 KKiZE Large WiVl s Jtig
Old Species  Dongyang Wuyi County, Grain Ginger 4 Youxi Town,
Ginger City, Zhejiang Zhejiang Linhai City,
Zhejiang
2 4 £ WLTHEE]| 29 4 £ Wi %W | 56 + % Native  #i VLAl FE 38 Sk
Ginger Ninghai Ginger Rui'an  City, Ginger HH Butou
County, Zhejiang Town, Xianju
Zhejiang County,
Zhejiang
3 P #OWILH B E | 30 N FE WL EAEKX |57 2 Ginger Wi 5T b
Yellow Xinchang Xiaolian Huangyan HH Shawan
Ginger County, Ginger District, Town, Jingning
Zhejiang Zhejiang County,
Zhejiang
4 £ # WM | 31 AN FE WAL E R | 58 # (k%) WL B
Ginger Jiande  City, Xiaolian Xianju County, Ginger(Red Kaihua County,
Zhejiang Ginger Zhejiang Head Ginger) Zhejiang
5 # Ginger Wit & & | 32 e % WAL JE B | 59 2 Ginger T I S
Suichang Ginger Xianju County, HH Kuocang
County, Zhejiang Town,  Linhai
Zhejiang City, Zhejiang
6 + o o WILEsE |33 4 £ WL AKX | 60 o 352 WL 8% s B
Native Jinyun County, Ginger Huangyan Mountain Jinyun County,
Ginger Zhejiang District, Small Yellow  Zhejiang
Zhejiang Ginger
7 3 % OWTILK BT | 34 £ # WL HEAKX | 6L 2% Ginger T T A R
Ginger Yongkang Ginger Fenghua K K Yanguan
City, Zhejiang District, Changgang,
Zhejiang Liandu District,
Zhejiang
8 NOFZE WM RARE |35 % Ginger Wi AT AR | 62 ANPEZE Small WL L
Small Tiantai Yueqing City, Yellow Ginger % Hunan Town,
Species County, Zhejiang Qujiang District,
Ginger Zhejiang Zhejiang
9 Sl A% WL E % d | 36 % Ginger Wi R oo & | 63 /NEEF Small HT L & m B
Wushan Rui'an  City, Qingyuan Yellow Ginger ~ Jinyun County,
Ginger Zhejiang County, Zhejiang
Zhejiang
10 A2 32 Ginger Wi VL W % T || 37 FROKBEE WL SR || 64 + 2% Native W VL 9L T
Rui'an  City, Chishuiyang ~ Yueging City, Ginger Jiangshan City,
Zhejiang Ginger Zhejiang Zhejiang
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Wiy 2 B
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WL AL A7
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WAL i T
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Wi UL R BB
Songyang
County,

Zhejiang

WHL B R B
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District,
Hangzhou
City, Zhejiang
WL R 69k
£ Yongxi
Township,
Tiantai
County,
Zhejiang
WL K R 13
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City, Zhejiang
L N ¥ AL
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City, Zhejiang

WL R &1k
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Town, Tiantai
County,

Zhejiang
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/NTE 2 Small
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/NHLZE Small
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NIE =
Ginger
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/NER 2 Small
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A< Hh 2 Local
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& BN E
Jinchang Large

Ginger

=W O3l
Wenshan City,

Yunnan

W =01 &
Sanmen County,

Zhejiang

= Ml
Wenshan City,

Yunnan

Wi YL VL R
# 1 Jiangnan
Subdistrict,
Linhai City,
Zhejiang

Wi R e &
Tiantai County,

Zhejiang

R F B W
Qingdao  City,
Shandong

KB
Lingshui

County, Hainan

WL I i K
7 &  Datian
Subdistrict,
Linhai City,
Zhejiang

b AR O3K 8 X
Laiwu District,

Shandong



20 % Ginger Wi iL fl5 L X | 47 WoW E OWLRETH | 74 ¥ 38 A & LR K I
Quijiang Hugiu #  Pinggiao Laiwu  Small  Laiwu City,
District, Ginger Town, Tiantai Ginger Shandong
Zhejiang County,
Zhejiang
21 + A& E WITRXE | 48 % Ginger Wi VL AR X || 75 WA 5l R EIFE W
Native Wuyi County, Liandu Fuyu No.1 Laiwu City,
Ginger Zhejiang District, Shandong
Zhejiang
22 N E WL g E | 49 4 £ OWHLHUL=HF | 76 Wk % Baby 1L AR O FE T
Chicken Pan‘an County, Ginger #7 &  Sanjia Ginger Laiwu City,
Claw Zhejiang Subdistrict, Shandong
Ginger Jiaojiang
District,
Zhejiang
23 £ # WKt HE | 50 % Ginger WIHUT =W | 77 T iR 3 JE T
Ginger Qingyuan #7 & Sanjia Pingdingsi Laiwu City,
County, Subdistrict, Shandong
Zhejiang Jiaojiang
District,
Zhejiang
24 % Ginger Wi VLB ¥ X | 51 £ £ WHLRRIER | 78 ¥ xR E K EEW
Ouhai District, Ginger #  Longnan Laiwu Large Laiwu City,
Zhejiang Town, Ginger Shandong
Longquan
City, Zhejiang
25 2% Ginger Wi ok 3% B | 52 oM E O OWNIEECER | 79 A Local WL K& B4
Yongjia Shencun #1  Yanquan Ginger sk # Jietou
County, Ginger Street, Liandu Town, Tiantai
Zhejiang District, County,
Zhejiang Zhejiang
26 2 Ginger Wit 7k 3% & || 53 % Ginger WITTSEH PG | 80 A Local WL REEDE
Yongjia £ Yaxi Town, Ginger ¥ 2 Leifeng
County, Liandu Township,
Zhejiang District, Tiantai County,
Zhejiang Zhejiang
27 + £ WL XE | 54 A OH £ WHLHETR
Native Wuyi County, Local L Ningxi
Ginger Zhejiang Ginger Town,
Huangyan
District,
Zhejiang
12 MHRipE
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Table 2 Genetic diversity of qualitative traits

ERTN H' Sy A ABiZE Distribution frequency
Trait 1 2 3 4
Wi 2F 4 Shoot color 0 100.00 — — —
Fk7 Plant type 0.69 — 4625 5375

i M4 FE Oriention of top leaf 020 77.50  22.50

I Leaf shape 0.65 6375  36.25

It Leaf color 0.85 4250  5.00 50.00 2.50
HIEHSE 031 1375  86.25

Villi on upper surface of leaf

ST RE 0 — 100.00




Villi on dorsal surface of leaf

IH-#4 {4 Sheath colour 0 100.00 — —

N 254 Underground stem color 073 — 1.25 58.75  40.00
HUIRZEHED Arraying of rhizome 046 7.50 5.00 87.50
HEARZE B2 8 Color of rhizome skin 031 — 16.25 83.75

FRAR 253 e 4 4 0.62 625 80.00  13.75

Roughness of rhizome surface

FRARZE 4> #4220 Branching series 0.07 — — 125 9875
TR Sub-rhizome shape 0.80 3.75 36.25  60.00
T-Z W Flesh color of sub-thizome 020 — 5.00 95.00

HIEMZE S HEMAESMAE: “VRRT, 0RRE; FUBIRRIZER MR B IRHR IG5 AR RE) 1R800
B HONBUE SRR S
Distribution frequency of villi on upper surface of leaf and villi on dorsal surface of leaf: “1” represents absent, “2” represents present;

others were recorded and calculated according to “Descriptors and data standard for ginger”. H', Genetic diversity index.

2,12 HEMHIKGTAE S AN

15 MR MR T RECN 7.84%~44.56%, M AEUNAR T R EURK, N 44.56%, MK
(A 5 BB /N 1AL ZREMEFRECN 1.72~2.07, ¥R T 1 BASLTG RN, R 80 {35
RFIREA T =B FEE (B3 .
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Table 3 Genetic diversity of quantitative traits

TEIR e/ME e KAE Vi b= BREH H
Trait Minimum  Maximum  Mean Standard deviation ~ CV/%

#k 15 Plant height/cm 61.00 142.00 106.28 16.55 15.57 2.07
#kME Plant breadth/cm 38.30 125.10 93.31 15.92 17.06 2.00
4345 %% Number of branches 2.00 37.70 13.34 594 44.56 1.72
I, Leaf length/cm 20.20 29.40 26.08 2.05 7.84 2.01
IH+5% Leaf width/cm 2.40 3.50 2.95 0.23 7.86 2.04
F 2241 Number of leaves on main stem 16.50 42.00 33.36 5.14 15.40 1.95
Hb_F 2575 Aboveground stem height /cm 41.80 124.10 88.28  16.15 18.29 2.06
Hb_E 2240 Aboveground stem diameter/cm 6.60 13.20 1020  1.30 12.76 2.05
HRIRZE K Rhizome length/cm 15.80 36.00 25.68 3.79 14.76 2.06
HEARZEFE Rhizome width/cm 8.70 15.60 13.11 1.32 10.04 2.01
BAFRARAR 25 5 B Rhizomes weight per plantkg 019 1.24 0.73 0.22 30.20 2.03
K Length of sub-rhizome/mm 45.80 83.20 65.32 6.96 10.65 1.98
“FZ2# Diameter of sub-rhizome/mm 18.20 40.20 28.72 4.24 14.77 2.01
FZ2ZE1781 Node number of sub-rhizomes 5.70 10.70 8.10 0.98 12.16 1.99
T 2751 K Node length of sub-thizomes/mm  7.60 19.80 1099 175 15.92 1.88

HONBE S R

H', Genetic diversity index.

2,13 HKE MK KX LA
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Table 4 Correlation analysis of quantitative traits

IR Trait 1 2 3 4 5 6 7 8 9 10 11 12 13 14
2 0.708%

3 0.180 03417

4 0.824° 0.5817" -0.117

5 0.256" 153 -0.380™ 0.549"

6 0.774" 0.594™ 0.251° 0.615" 0.009

7 0.969" 0.660" 0.225% 0.756" 0.195 0.767"

8 0.600" 0.385™ -0.244° 0.664" 0.572" 0.352" 0.576™

9 0441 0.455™ 0.226* 0.433" 0.204 0.387" 0.397" 0301

10 0.523" 0.449™ 0.098 0.462" 0.130 0.516" 0.489™ 0.222° 0.410°

11 0.702" 0.632" 0.267* 0.608" 0.380™ 0.514" 0.663" 0.533" 0.551° 0.449°

12 0.139 0.025 -0.291" 0.257° 0.459™ —0.047 0.090 03317 0.269 0.367 0.347"

13 0.158 0.003 -0.517" 0397 0.503™ 0.040 0.081 04457 0.193 0.138 0.141 0.186

14 0427 0.307" 0.051 0.292" 0.094 0.384" 0.437" 0.164 0.064 0.399 0.297" 0.204 —.057

15 —0.038 -0.113 -0.199 0.041 0.320 —0.186 -0.076 0.221° 0.098 0.069 0.254° 0.612" .254* —.282%

1, bk 2, PRiEs 3, 0BG 4, MG SHESE 6, BZEMAHG 7, ibZEEs 8, MUEZEHL 9, HURZEKS 10, HORZTE
1, PHHCRZERCE; 12, 72K 13, TEM; 14, 7TERETEG 15, TERIEK S 5I1380R7E 0.05 F10.01 7K1 5 #H
Fo

1, Plant height; 2, Plant breadth; 3, Number of branches; 4, Leaf length; 5, Leaf width; 6, Number of leaves on main stem; 7, Aboveground
stem height;8, Aboveground stem diameter; 9, Rhizome length; 10, Rhizome width;11, Rhizomes weight per plant; 12, Length of sub-
rhizome; 13, Diameter of sub-rhizome; 14, Node number of sub-rhizomes; 15, Node length of sub-rhizome. * and ** mean significant

correlations at 0.05 and 0.01 levels, respectively.

2.1.4  ERAMIKE E RO DA

XT 80 M BIREA LR 27 MEIRFAT T E S, SRECHIIET 6 /> F R Ritoa
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Table 5 Principal component analysis of phenotypic traits

AR Trait 1 2 3 4 5 6

¥k Plant type —0.125 0.049 0407  -0.114 0060  0.046
5% £7 # Oriention of top leaf -0.087 -0.056 0.199 0373  0.070  —0.107
7% Leaf shape 0.157  —0.087 —0.387 0.015 0045  0.136
-7, Leaf color -0.018 0.160  —0.147 —0.142 0.013  0.454
M IEM 94 Villi on upper surface of leaf -0.074 -0.148 0.191  —0.294 -0.102 —0.121
R 255 Underground stem color -0.022 -0.099 -0.055 0490 -0.093 0.122
HRAR 25 HE%1 Arraying of rhizome 0.137  -0262 -0.040 -0.284 0.032  0.091
FRARZE 2 £ Color of rhizome skin —0.026 0.024  0.114 0287 0442  —0.041

HOAR 2536 2 #8545 Roughness of rhizome surface  —0.190  —0.085  0.035  0.131  0.282  —0.400

HRAR 2590 B 248 Branching series 0.089  -0209 0.103 0293  —0.248 0.378
F-2%AR Sub-rhizomes shape -0.003 0.035  -0.270 0.103 0421  0.026
FZEP 4 Flesh color of sub-rhizomes -0.046 —0.005 -0.290 0.101 0.258 —0.087
¥k Plant height 0358  —0.079 -0.014 0.069  0.019  —0.067
FkI Plant breadth 0287  —0.160 0.154  —0.004 0.055  —0.030
43 H %% Number of branches 0.044  -0377 0.161  0.058 0286 0217
K Leaf length 0335  0.091  -0.015 0.092 -0.128 —0.138
%% Leaf width 0.159 0391  —0.062 0.057  0.005  —0.168
= 2514 Number of leaves on main stem 0.295 —0.199  0.063 0.004 -0.115  —0.130
255 Aboveground stem height 0.347  -0.115 —-0.048  0.041 0.021 -0.037
Hb 2581 Aboveground stem diameter 0.267 0.231 -0.081 0.115 -0.101  0.092
HRRZE K Rhizome length 0214  —0.002 0360 —0.028 0.116  0.029
HRARZE%E Rhizome width 0.234  0.004  0.185  —0.186 0.141  —0.237
HUPRARIR 25 )51 & Rhizomes weight per plant 0309  0.039 0113 008 0215  0.151
T2%K Length of sub-rhizome 0.116 0359 0074 —0235 0274  0.124
T2 Diameter of sub-rhizome 0.093 0335  0.081 0226 0268  —0.246
T2 ZEF % Node number of sub-rhizomes 0.183 -0.075 —0.308 -0.171 0.106  —0.124
T2+5 174 Node length of sub-rhizomes 0.020 0345 0225  0.034 0162 0336
FFHE(E Egienvalue 6.719 3323 1973  1.853  1.653  1.333
TR Contribution/% 24.885 12306 7309 6862  6.124 4938
LTIk Accumulated contribution/% 24.885 37.191 44500 51.362 57485  62.423

215 RAMIRGRESAHT
A SPSS20.0 B fFxt 2 30 NERAMRIEAT IR 04T, RATANERGEAEATRE . i
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AR FERIOVERR S SHRIBEOR, R Z, E2M 8, #h EZBONE K
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SLEOP R 2 FREIE, BRI RE, HURZEHES R A XUT SN 2 ST, RAREER
BRI A SE4E 3 B, TR GRS IR, I e R,
51 RBEICE 24 (PRI RVR, SRR TS . 55 1 2R8I 8Bk k=
i, YWMEIX 123.42cm, HRIEES, HHIRZ, HHk7 2R, 15 0.89ke, TZEMAIRA
BINRE S8R, WESE, NErednzE, 2 MmEELr. SR 5 mFm s,
B 1L ARKRZES 4 WL XS MR PRI S 55 1T 8B, (HRRIRRR,
SR Z, B EEYIA 0.82 kg WREMIRE, MR AEETE, HUIRZER M
4%, MRRZEHEZIE AT SARN 2 B, FRIIRSG S TTRBE—80 SBIVEREN 4 Wi Fp
PR, MREmtRiEES, FERICNEEGR S, B ER R, 558 186 X 4
JR R VEARR ZEHE A 5O A, FRRAT, IRE YT S KER 2 . 55V EEEA 12
IR EIR, 8 M REWHT, 1 RE S, 3 oRA AR, ZRFHEERENEN, DEH
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1~80 Jyi i B S 5, XF R KR A4 FRFE R 1.
Numbers 1-80 represent germplasm accession codes, with corresponding germplasm names listed in Table 1.
1 ATHEMRTRGR ESHT

Fig.1 Cluster analysis of 80 ginger germplasm accessions
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Table 6 Percentage difference between core collection and initial population

%

oo B U MRy HHEERFELE FTEZRESE BRABEBLE KB E K & %
Core Sampling Mean difference  Variance  difference  Coefficient of  Coincidence rate of
germplasm ratio percentage percentage variation rate range

collection

S1 20 0 51.85 134.09 94.65

S2 30 3.70 18.52 124.56 96.40

S3 35 0 11.11 120.62 96.99

S4 40 0 29.63 121.82 97.97

S5 45 0 18.52 118.52 98.19

S6 50 0 14.81 115.81 98.19

S5 % LA BT 36 BRI, 29 R EHWHL, Sk E LA, &/ 1 REERE. F
F ¢ Ar B I S5 4% Lo o LR 2 5 SR R AN [ AR IR RO (B 22 5, A A B A P 3 7
EERNRENE. FRRRKIAE 5 MERIZE RSB 82K, Hrh 27 m 2 1 oy i
MRS eAh, S 24 MERGE LM R IERBGRAS TR R . 27 MF

AR WIPEIREIE RS BoR, RO BIEES B R EEERARE R .

® 7 BUMRSREHERIEE

Table 7 Difference between core collection and initial population

AR ¥J{H Mean A5 5 Z 3 Coefficient of variation/% XIEN
Trait JEA R [ T R SR [ T t-
Primary Core Coincidenc ~ Primary Core Coincidenc ~ valu
germplasm collection  erate germplasm collection  erate €
Fk7 Plant type 2.54 2.61 1.03 19.77 18.93 0.96 -0.7
3
ot et £ BE 1.23 1.36 1.11 34.30 35.79 1.04 -
Oriention of top leaf 1.45
7% Leaf shape 1.36 125 0.92 35.50 35.13 0.99 1.24
€2 Leaf color 2.13 2.14 1.01 47.58 50.17 1.05 -
0.07
M IE [ 4% & Villi on upper 1.86 1.81 0.97 18.61 2223 1.19 0.78
surface of leaf
Mt R 2 {4 Underground stem  3.39 3.42 1.01 1522 16.22 1.07 -
color 0.28
HURZEHES Arraying of thizome  2.80 2.64 0.94 20.01 27.41 1.37 1.19
HEARZE J2 t4 Color of rhizome — 2.84 2.86 1.01 13.08 12.26 0.94 -
skin 0.32
HUIRZE 2% /845 Roughness of  2.08 2.08 1.00 21.38 26.60 1.24 -
rhizome surface 0.09
HROR 25 4 7 2 # Branching  3.99 3.97 1.00 2.80 4.20 1.50 0.58




series

FZEIEIR Sub-rhizomes shape 2.56 2.56 1.00 22.25 23.75 1.07 0.06

F 3 WAt Flesh color of sub-  2.95 2.89 0.98 7.43 11.03 1.48 1.04
rhizomes

¥k & Plant height/cm 106.31 102.09 0.96 15.52 18.82 121 121
Pk Plant breadth/cm 93.31 90.44 0.97 17.06 20.81 1.22 0.85
434 % Number of branches 13.34 14.18 1.06 44.56 58.47 131 -0.5

5

MK Leaf length/cm 26.08 25.36 0.97 7.84 9.49 121 1.65
9% Leaf width/cm 2.95 2.92 0.99 7.86 9.37 1.19 0.54
224 Number of leaves on  33.36 32.27 0.97 15.40 19.51 1.27 0.99
main stem

M 25" Aboveground stem  88.28 84.69 0.96 18.29 2245 1.23 1.05
height/cm

M 25Kl Aboveground stem  10.20 9.96 0.98 12.76 15.56 1.22 0.85

diameter/cm

HEIR 25K Rhizome length/cm 25.68 2478 0.96 14.76 17.73 1.20 1.13
HEIRZE 5 Rhizome width/cm 13.11 12.89 0.98 10.04 11.75 1.17 0.80
PR AR R 25 i & Rhizomes  0.73 0.71 0.97 30.20 3437 1.14 0.41
weight per plant/kg

F % K Length of sub- 6532 63.88 0.98 10.65 13.11 1.23 0.97
rhizome/mm

F % M Diameter of sub- 28.72 28.08 0.98 14.77 18.06 1.22 0.71
rhizome/mm

F 32X Node number of  8.10 7.98 0.99 12.16 12.39 1.02 0.61

sub-rhizome
T2 Node length of sub-  10.99 11.09 1.01 15.92 19.96 1.25

rhizome/mm 0.27

1005=1.981, ¢%%=2620,

3 b Gtk

3.1 EMRZFEMEKIFN

TRl 3R YR IR 0 308 A 22 1 0 W R 25 A S MR PP S o LR 4T B 4 5 R )
BT AEREAL . R0 R IRAEAE W R R 7R 5, 2R M, BRI BAH 51 Fh 5 554
[FIAh 4 5 A R A RIS, T SR S e VPN U R A B A R S AT T 21 30
AMEIR, HAFEERSEEMIRS 154 FREMERE MRS B, 8%
ZREVERREIE 0.6 DL, 3ZERMCREI/NHESIR T i (> Z AR>S R 28 (>R ASHROIR =R
KRGS, IXRULE LRI PR R LRI, nee® s Bk k. 15 MEMERN
L ZFEEFR BRI BN, AR R REAE 7.84%~44.56%, MRBI/MEICN L.
PRARIRZE R . o E25 . RRIGE. 7P, MR, B2 A3, X5 AMF A —
B, AT AR HOR B R BRRARR ZE B . 3 A A B AR S R AU ITIST
BRI RA, 15 MEERZ MR, K REIREE I EE. B
PRARRZE = S T MR 2IOEME R, BA 13 MAREEWHKT, RAIEHIHE R



K/ANHEFERT 5 AL R otk Hh B2, PRI, L AR . R Fed, i S
PRI, NEHEI RIS, X AT BE A 22T SR IE AR X 38 S A AN R 5
o 27 NMEFRIRIAT E RS SR T 6 NERS, RIFTTEREEAE 60%LL F, 1 3
oy B EERAEAE MR AR R, HobbRE ., M R G BRRARIR ZE R = P REE ) R
£ 0.3 Ll b, AFEGER T . BROPFRER, U EAHKEEMIRTE 80 22 5 BEE it
LB FFEE, EFMIE TR G AN CLERE, VLT X5 i 2. PRI
PRmBONIE S, HURZER AR, BERRHE & = & S Re e m Bl iR s

80 17 ZE Fh T BEURAE MK EE B 12.5 4bsy v 6 NEHE. WL 70 43 Bt B2 U5 /0 A 7E 1T 5
KEHE, £ 1 UAAEBEPMERZ, Lt 54 4, 51 RBER G- R L2 ATLE
BEUR, HLR SRR, X AR A A BT R BT BT AT R 8 A . R E LR T
JREIR T 4 ANREE, FBE — S e 1 288, WiseIe K2 WA T 21, 3 %R
CEFe/NE FINY, EE2) SWL. iR 5 K88, BRI 2 HhEE (Fi
REHEERZ) FNHE 6 K. BIHERBER B 1 /240, HREAREM, Hitk
FREER B, R RIS IE KR ZR U I & R R A M S5EE & 1 %
PP BRI AL S 1 KB . SKTe/ b 5kt a /N, ERE BRI RZEFTT, M
5ok B A R NS IO — 3, BB 6 JEHE 2 NI AR R BRI I Rtk . ok &S
F, [ M ORI (R 5 SR I AN — 8 BRAE R — 28, 1X 5 R ()R B R VA A A PR B R A
BIBYIAHRU0, ehh, FEMFTAESIREE T, V.. VIEBA R SR BRTE =& LRI R
t, AHERR SN, AEARSK AT S AR B I 23 B, 12 IR SR AR N, SR L e 2 R
SOEAREIE PN
32 ZEROMREIRENSDE

B A% O JoT 5 905 PR e o o B VR WU ER 5 DR A TR B 2 TR, RE M8 ek o o3 B VR DR A 11 474
It B GF R R BT O . — ARG OL R, s SR AZ O BE IR R LL BN T 10%~30%, & H
EEAS) 5 5T B R L B A OG, B D AR O NI 2 3R ORE LU, AT TR B 45% 12022, 3
AL fe AR IAS [F) b 5T 2 [8) (1) 22 5, A0 By 3R o ARHIT 938 I 23 B P o 2 ) R A MR s A%
ZREME, DUROS AN REURE EE B ELA, BE T LA 45% LU s 22 P it B2 R AZ 0o e, AT 36
By, REBEARGR IR TN BT BRI AL Z R (ARAVEAEE 5 2 BRI S20,  ansi Fo0 20
RRZAE GNP, Hr= i SR, BMRKBEAZS, H0 LR REREREME BT A
Hi/hE . A KRR, FIHGERESE T (simple sequence repeat, SSR) A i fiij H
#5571 (inter-simple sequence repeat,ISSR) « #H5C 7 F1I 43 2 251 (sequence-related amplified
polymorphism, SRAP) 557> Aric b A% CoFf T BE IR PE23), el /D IR SR AL (R 52 mm), 1%
W2 5 BT 9T R EAR R 7 1]
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