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Genetic Diversity Analysis of Hawthorn Germplasm Resources Based
on Fruit Phenotypic Traits

ZHAO Yuhui, QI Suoni, LI Angxuan,ZHAO Yingxi, MA Xinran, LIU Yuexue

(College of Horticulture, Shenyang Agricultural University, Shenyang 110161,China)

Abstract: In order to protect the genetic resources of Crataegus pinnatifida, evaluate and select superior genetic resources,
the fruit traits of 234 accessions of C. pinnatifida preserved in the National Fruit Germplasm Resource Center of Shenyang
were identified and evaluated. The distribution frequency, coefficient of variation and genetic diversity index of the 26 fruit
traits were analyzed, and the accessions were classified by clustering analysis based on the fruit traits. Principal component
analysis was conducted based on the fruit traits. The results showed that the fruit descriptive traits of C. pinnatifida
germplasm were diverse, with significant fruit spots, red fruit skin, nearly square fruit shape, many fruit spots, glossy fruit
skin, open and curled calyx, calyx with downy hair, calyx with sawtooth, triangular calyx, distinct calyx attachment,
depressed seed, conical calyx, broad and shallow groove of peduncle and peduncle base being the most {requent, accounting
for 97.86%, 90.17%, 66.67%, 65.95%, 97.44%, 56.84%, 96.58%, 97.86%, 98.72%, 89.32%, 86.32%, 65.81% and

98.29%, respectively. The coefficient of variation of the quantitative trait seed kernel rate (43.88%) was the largest,
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followed by fruit weight (41.38%). The Shannon—Wiener index ranged from 0.68 to 2.02. The Shannon—Wiener index of the
descriptive traits ranged from 0.07 to 1.67, with the highest values in fruit texture and color, the most diverse traits, and the
Shannon — Wiener index of the quantitative traits ranged from 0.68 to 2.02, also showing rich diversity. Cluster analysis
grouped the tested germplasm resources into 4 clusters when the Euclidean distance was 7, Group I and Group Il are both C.
pinnatifida Bge.var.major, most of the resources of C. pinnatifida Bge. are in Group IV, and the other several species are
mainly distributed in Group Il and Group IV, without forming a separate group, but these resources are clustered together
in the cluster map. However, these resources were clustered together in the dendrogram. Principal component analysis
reduced the 26 phenotypic traits to 9 principal components, including 17 phenotypic traits such as fruit shape.

Key words: hawthorn; germplasm resource ; fruit character;genetic diversity ; numerical classification
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Table 1 A total of 234 hawthorn germplasm resources were studied

i il BT BT IR i GirivAgls i Fil BB IR i il B B U5
No. Germplasm resources No. Germplasm resources No. Germplasm resources No. Germplasm resources
HEIR1S Lgn) AATNR
! 725 60 Huangbaoyu No.1 19 Qiuli 178 Zaoxingxiaoguo
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%' Fift B % U5 %' LR %' LAl TR Fift B 9% U5
No. Germplasm resources No. Germplasm resources No. Germplasm resources No. Germplasm resources
WEIR2S W3 15 AT R
2 7910 61 Huangbaoyu No.2 120 Shancheng No.1 179 Zaoxingxiaojinxing
R g 245 AATHRLL
3 79723 62 Huangguo 121 Shancheng No.2 180 Zaoxingzaohong
WL AL WA R 4 B2 2N
4 792204 63 Huixiandahong 122 Shandongdajinxing 181 Zhaikou
L AR LI AR LT 1A ik 5 LAk
> 792403 64 Huixiandahongkongqi 123 Shandonghongmianshanzha 182 Zhuantaishanzha
X5k 1L 1LY A L 54
6 795507 63 Jiguanshan 124 Shanxitianshengshanzha 183 Zifeng
; L113~/NEE T 66 Ry 125 [t P 184 ESETS
1113-Xiaohuangmianzha Jilinyehe Shangzhuanbaizha Zizhengzhu
g 1462k 7 L= 90 126 7k 78201 185 ARE
1462-Tianshui Ji'anzirou Shen78201 Zigenxi
HH L k78213 HiE33
? 81-2 68 Jianchangshanzha 127 Shen78213 186 Zunhua33
g2 JEEFIZE A R HLLT
10 8321 69 Jiangou No. 2 128 Shenglizirou 187 Dawashanlihong
T ESEY NS 70 251798201 129 LS 188 AL
Anzedaguo Jiangxian798201 Shisheng No.1 Hongroushanzha
2 BILEA 7 11798202 130 SR A ER 189 BUR LT
Anshanzirou Jiangxian798202 Shishengdamiangiu Liguoshanlihong
3 N 7 %:11798203 131 pyEan - FR LA 54
Baleng Jiangxian798203 Shuanghong Songshancunshisheng
14 (S 73 Ze Rtk 132 KE L 191 P gy
Baili Jiangxianshanzha Shuiyingshanzha Taipingshanzha
EF e FEHEAN JRINIES U RGA
15 Bairangmian 74 Jinhong 133 Sishanling 192 Tai’anshishengzhenmu
y it o mEkam |, RAAH B A L
Baihuayu Jinxiandahongshanzha Tai’anshiliu Shengshanlinchangshanlihong
17 HAEIRR G B 76 L /NEF A 135 Bk 2% 194 JHE L L FEAT
Baihuayudajinxing Jinxianxiaoyeshanzha Tangchi No.2 Shengshanyaozhaishanlihong
18 TR 7803 77 B 1S 136 [iiEN 195 S JUESAN
Baiquan7803 Jingduan No.1 Tianshui Zaoshushanlihong
19 TR 7807 78 IHZE 14 137 it £ 196 Il AT
Baiquan7807 Jiuzhaishanzha Tianxiangyu Zhangwushanlihong
20 T4 7903 79 TP 1= 138 Bt 197 T EHl AT
Baiquan7903 Kaiyuan No. 1 Tiezha Wanbaodishanlihong
21 Jem L %0 TFIREL 139 WAL 198 X I HLAL
Beijingdenglonghong Kaiyuanhong Tonghuashanzha Nanqushanlihong
” L5 R 31 THIRHOF 140 THILLL 199 S AT
Beijingduizhao Kaiyuanruanzi Tongliaohong Neimenggushanlihong
2 JeE A 2 HTERLL 141 T FEHRE R 200 ENILEL 2
Beijingshanzha Laiwuheihong Wanbaodidajinxing Ziroushanlihong No.2
24 Jent A 33 Pk R4 A 142 TR 201 LA Ll HLAT
Beijingzaosheng Laishuidajinxing Wanbaodishisheng Wutaishanshanlihong
95 AFE4S 84 WokeE 143 TR 4% 200 1541-1L Hir
Benxi No. 4 Laishuijinxing Wanbaodishisheng No.4 1541-Shanlihong
RET S 4T i 25 1544- 11 HiT
26 Benxi No.7 85 Liaohong 144 Wolonggang No.2 203 1544-Shanlihong
i LT10% FRA i 1L AT
27 Changkou 86 Liaoning No.10 143 Wulinghong 204 Hanguoshanlihong
28 g R 87 LR 146 [ 8= 205 TR 15
Chaojinxing Liaoningdaguo Xifen No.1 Xianpingzhenmu No.1
29 Wi RLL 38 %R 147 s 206 EANESTIILEEEa N
Chengoudahong Liaoyangzirou Xifen No. 5 Hongroushanlihong
“ K “ B L s PiB oy EHEIEL
Dahuang Linxianshangkou Xifenshisheng Baihuayushanlihong
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G5 Tl BT U s LVl s LAl TR Fift B 9% U5
No. Germplasm resources No. Germplasm resources No. Germplasm resources No. Germplasm resources
31 i 9 i 15 149 PO & A 208 AL B L B2
Dahuo Linfen No.1 Xifengtongtaibaiyesheng Huamawanshanlihong
KAEER I 471N 2R B TR HLAL
32 Datangqiu ol Linfenxiaoguo 150 Xihong 209 Chuizhishanlihong
3 R L 0 RE4L 795501 . B2 % 210 BRI
Dawangmiaoshanzha Longhua795501 Xiangyang No.2 Ruanroushanlihong No.3
RRE %4k 795502 IR W il 2 5
34 Dawang 23 Longhua795502 152 Xiaohuo 211 Yepu No.2
PSR WAk 795801 N WF ] 45
33 Dawuleng o4 Longhua795801 153 Xiaojinxing 212 Yepu No.4
36 AR o5 Pl 5s sk . 511 6.5
Donglingqingkou Lulongduanzhi Xiaotangqiu Yepu No.6
- B oo MK | 8435 » 1 55
Donglingshanzha Lulongdashanzha Xiezishi No.3 Yepu No.8
33 SR FERRLL 97 TRLL 156 By f45-1 215 NI 25
Duanzhihanluhong Luanhong Xiezishi No.4-1 Ruanroushanlihong No.2
. 3 e 7 y (=]
39 T o8 BRN 157 =TS 26 MBI
Eryizi Luojiagou Xinbin No.7 Yingroushanlihong No.2
RS L [SRITEN RO Hik15
40 Fakushishengshanzha 9 Lvshanhong 138 Xingshiliu 217 Jifu No.1
4l PR E R ARk 100 LhIR 4 A 159 M3 S 218 wR2 5
Feixiandamiangiu Magangdajinxing Xinghong No.3 Jifu No.2
L N LL S22 HIR3T
H R 7N [=]
42 Feixianzirou 101 Magangzaohong 160 Xinghong'er 219 Jifu No.3
B LN = Wik 1
43 Fenlishanzha 102 Majiadadui 161 Xinghongsan 220 Shenfu No.1
“ B 03 5 o STtk by RS
Fense Majiafenrou Xinglongshisheng Shennongfushanzha No.1
e FUPEI NG et iz
45 104 . R 163 ; . 222 -
Fengshouhong Mengyinbanyexiaojinxing Xinglongzirou Fulihong
oK 1L el N HiSRLT AR
46 Fengshuishanzha 105 Mengyindajinxing 164 Yanguohong 223 Fushanzha
[EIIE7RES SN R AL VN
41 Fushantieqiu 106 Mengyinxiaojinxing 165 Yanranghong 224 Zuofu No.1
POt 1L R 25 FEWH itk 2
48 Fushunshanzha 107 Niejiayu No. 2 166 Yanrangqing 225 Zuofu No.2
sl 2 1B G L
49 Ganyu No.2 108 Niuxintai No.1 167 Yiduchangkou 226 Zuofu No.3
[EAN BwA 25 T #RLL
50 Gehong 109 Piposhi No. 2 168 Yiduhongkou 227 355
GES TR T /N
> Guhong 110 Pingyidahongzi 169 Yiduxiaohuang 228 82015
52 HH® 1S 11 FEARLT 170 BRI 15 229 Faf R Zg 1L 2 5
Guajiayu No.1 Pingyifuhongzi Yinyeling No.1 A’ertaishanzha No.2
“ el . Tl o BRI 2 o HAnA
Guanshanshanzha Pingyishanzha Yinyeling No.2 Muhuli
54 RS LA 113 FE T 172 BRI 75 231 W15
Haitangshanzha Pingyitianhongzi Yinyeling No.7 Hubei No.1
FEF PR %8001 sl
33 Hanfeng 114 Pingyizaohongzi 173 Yu8001 232 Jiatian
56 TR A 115 5 I 174 #% 8002 233 ZLAE LA
Hezedashanzha Qingyuanmopan Yu8002 Honghuashanzha
AT B #8003 ity
37 Huanrenxiangyang 116 Qiufeng 175 Yu8003 234 Ouzha
EAWET it ke il
o8 Hongshiliu 17 Qiuhong 176 Yubeihong
WAL a2 R
ok Hubeishanzha 18 Qiujinxing 177 Zaohong
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Table 2 Hawthorn 17 descriptive traits and valuation

EXTN R IUMRAE Assignment of each type
Character 1 2 3 4 5 6 7 3
I {21 B W

Wide inverted

RITEAR a2 i [EIFE U2 {15 [ 2 I KA B

Fruit shape Near globose  Rounded flat Ovate Inverted ovate Elliptic Oblong ovate Near square
B o el a A %50
Pericarp color Green Orange Red Yellowish Purple
RO el s
Skin of lustrous Present Absent
Rz o N %
Fruit point Less Medium Many
RpEERTE ANHT B xS
Fruit of alight ~ Not obvious  Light obvious Obvious
T TN T pe g il &6
) . . . Yellowish Yellowish :
Fruit dot color ~ Grey white Grey brown . Golden
" white brown
iz e TR MR Pt
Stalk d Broad and 0 and flat  Licht raisi Paisi
alk depression shal}gw pen and flal ight raising aising
; — T .
T L P
. Tubercle one . .
Pedicel features side Expansive
o LRI BH b AT
Y B I LS T T
. Triangular Ovate
Sepals shape Triangle Lanceolate  Tongue shape
ovate lanceolate
R A RS Jii 7% BRAF i e
Sepals inserted  Desquamate Remant Keep
s prmpare.  CPOTIRRCE ok ERELER
RIS JPSRENL FITHE Half-open AR s Open and RE % Converge
< Open and Half-open
Sepal posture and curled  Open and flat curled Converge and curled
endlong and endlong . . .
inverted inverted inverted
LY ¥ A
Sepals serrate Absent Present
BT
=
Sepals x @
Absent Present
tomentose
b Z
stk wee TP gy e
Calvx tube she F 1 shaped Near globe C haned Petri dish
alyx tube shape Funnel shape shaped one shape shaped

P HERS HHRRE BEEEL BOERE R4ERA

Flesh color Green white  Yellowwhite Orange to  Pink white to  Light Red to

to light green to light yellow  orange red light pink dark red
AT . s T S PR T . L
Pulp texture Very hard Hard Firm Loose and soft Y Soft and floury v
glutinous floury
AL A G
Hollow of seed Present Absent

1.2 RS
K F Excel XG4T 0020 B 38 5 40 Bt , P9 SPSS 26 Ge iR, R F 7 BGRB8 3153 5 1, %
SR RN R R £ T LB V0 s VI 9 E DU S W TiY DR VN R W R (o 2 R W U e A0
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PRMR B 7 BB E A e, XA i b B BRI

2 FER545H
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211 FhRMAR FERIATAL, 23400 LA R F R S0 17 A PRI AG I Hh 6748 S 2R R S 348 S
FKAH3.94, Horp  RITPRAE F AR £, 84S IR R 48, 74 s A MR 48 S 2 B %
AR . IR Shannon—Wienerdg 58 22 A8 K, B FIFE0.07~1.67 22 [8] , Fe KA R A i i, e /)
SR R A ARAS BB LA T ) SR S IR R AR SR R

TESLAMAEAR R STB AR 8 AN rh | LUE T i 2, ok A et R 3 [BJE 51 51 (B JE 10 15
e BREDE AR BDE | S BRIEA 10 R BF 0 45 REE B E LAy 3 HUCH B A Rsg 6, 15 @2
A Ahy, 53 AR R A INEUR L3 —/ VBT s RO DU G 2, 5 97.44%; R B AR
KRLFRI G, BRI ™N H %,  97.86% , A 4 3 Fh R AN B b RSB/ ek 6, 2 B /N, R
), AR DG LA R L LT 34 SR AU A L BT 2 45 1 R B R A B, S B
IR 255 s R B R 5 SR 2 0 4 68 8 BT, 4301 7 40.60% .37.18% F1 18.38% , JK 1]
17 3.42% , AL 1Ay, ARG SRR A s S 2 /D 3 3Rl /b rh L, 4300 /i 3.429% .31.63% Fl
65.95% ; FEERL 5 )1 P Je R R R RN B RS 4 RS Y, 23 5] 65.81% .11.53% . 19.23% F11 3.42% ; 1 K&
FEOE LA IR 3, 17 98.29% , 4 4y — MG AL , 43 1L 77 105 RS A: 1L L 154110 LT R R 1L
W,

TEPRPEAR : SR R € S A 1] B IR A B T R R AL OB 1 RO IR AL B URAL, 4
21.37%.20.94% .11.53%.38.89% F110.25% ; S A ST LAV KRR AN EICH 3, HAR A B0 (2 T BeRa AN kil

A R AR TN DRIk R B IR Z , 17 56.84% , FIR R HF kT B R ELT
IR AE REMBEERRE PR E SRR =AERZ, 5 96.58%, Hah = MR EN
W BRIRBEE BEEHE RS Y s 2 R B AR RN TEAE, 7 98.72%, V& 20y, W BLOR LT IAg i
At BRAE LA, RFTRZ8 1A 245 5 2 B A 9 E N 96.58% , LU TN 3.42% ;%5 7 4 15 A3 4l 14 0
97.86% , JTHE i N 2.14% ; BT IR AY 4 2R LU SR e £, ok R IR HETE FLIILIE | 3T B 1453,

TRAZSPHER  FIAZRRE LA MR A 3, 5 89.32% , TLIMYE A4 10.68% -
212 WK 2340 R R S A OB IR 2R R R EGE FIH9.00% ~ 43.88%(5K4) , Shannon—
Wiener Z FEPEHE 5K £0.68~2.02 , & B AR SR S8 R 2R F

HURE AR R TR R8BI 5 58 6.50 £.2.30 em . 2.30 em F11.02, Horp AL E AR S 28K
K, N 41.38% , R 1.80, B E A WEIR 725, 5 12.10 g, /R ORI 1LAE 0.47 ¢,
Hrp 8.5 ¢ LB R B0 8015 25.21% s AR e KA LA 524 2.83 em, B8 R &1 LA 1.01 em;; 1548 B
K RIEILEL 2.97 em, 5555 A 1 ILHAE 0.94 em s FIEHE R KA E BRLLINAE 1.47, /N EIE 155
0.69; F #% F FIAAZE T34 15.80 g Al 4.68 #4, B X H 1948 5 R B K 0 29.24% s A% E i1
FFIRHIHT 3.80 g, fe A THZE 1L A% 26.50 g
22 ETFRIMERMBESF

Xif 234 13 LL A SR SR T BT R Y 25 A R CRIEF8 BRI D 47 R 280081, AT HOE % O R
BT, G5 AN 1, 7R BRI 25 R 7 A0 234 (3 Fh BT 38 U5 53 4 KEHE 5 1 ERH A6 47 bkt ix —
R RAR TG 565 T RAFILA T 63 (b kk , X — B KR I B2 U5 5 26 I 2R A 43 1
Rk, Hor LR s (30 150) AR 2L 1L s (45 187,204,205, 206,207,208) 2 3, Horp ik (3% T 404610
(45 233) B (45 234) (AR I AE (45 226,227,221, 211) FI— 0L LA (4 5 232) ;55 IV
FREALHE 81 Oy bk, o AR A 1A (47 17 ) P21 (455 200,210, 195,188,194, 192,197, 189,




% 4 4 A EAEE K TR ERABRG LA R T REE LS H -401-
R3 1M HERER SEES RINE
Table 3 The distribution frequency of diversity of 17 characters was described
[E27N B3R 434 Distributed frequency/% AR5 RZ % Shannon—Wiener § %{
Traits 1 2 3 4 5 6 7 8 Coefficient of variation H’
%*IB)H( 6.83 10.68 2.14 6.41 5.13 1.71 0.43 66.67 41.57 1.20
Fruit shape
%&@ﬁ@ 2.56 5.56 90.17 1.71 18.80 0.42
Pericarp color
NN
FEOLR 2.56 97.44 17.53 0.11
Skin of lustrous
sE2)N
%“.“5/./ 3.42 31.63 65.95 25.30 0.73
Fruit point
R
%ﬁiﬂ\“ 1.71 0.43 97.86 10.20 0.15
Fruit of alight
=it
%‘\:‘ME 3.42 0.43 37.18 18.38 40.60 27.18 1.19
Fruit dot color
B . 65.81 11.53 19.23 3.42 56.52 0.97
Stalk depression
44
AR 171 9829 6.56 0.08
Pedicel features
Eg IR
LA 96.58 171 0.85 043 043 36.79 0.18
Sepals shape
%H§¢%u‘ 0.85 0.43 98.72 6.40 0.07
Sepals inserted
HREE
6.41 0.85 2.99 30.34 56.84 1.28 1.28 25.12 1.10
Sepal posture
B
R Bk 2.14 97.86 9.09 0.05
Sepals serrate
EITrES
BHAE 3.42 96.58 18.75 0.15
Sepals tomentose
R
?ﬁﬁ//{k 86.32 043 11.53 1.71 57.03 0.47
Calyx tube shape
i
RMEE 21.23 20.94 11.53 38.89 10.25 4.69 1.47
Flesh color
R 5.39 8.30 19.92 21.58 25.73 18.26 34.63 1.67
Pulp texture
e ek
ﬁ&fﬁ‘fﬂ; . . 10.68 89.32 28.14 0.35
Species nuclear characteristics
F4 2B TRFFERLINBEER SHEED
Table 4 Diversity analysis of 9 quantitative characters in fruits of 234 hawthorn germplasm resources
. wif AR5 R B A% ZREME
etk BOME RO S PRIER gy RSERNU% e
. .. . . Standard Coefficient of EEr i
Traits Minima Maximum Range of variation L Mean L ,
deviation variation H
FE g . 3.80 26.50 22.70 4.62 15.80 29.24 1.95
100-stone weight
DA
L% 50 3.00 5.00 2.00 0.66 4.68 14.07 0.68
Number of seed
¥
ﬁ”{‘%;&/ﬂl . 3.00 5.00 2.00 0.66 4.68 14.07 0.68
Number of species
ﬁlLE/% 0.00 94.00 94.00 20.54 46.81 43.88 2.03
Seed kernel rate
mﬁ%/% 0.39 0.96 0.57 0.08 0.81 9.75 1.61
Edible rate
ii%i/g. . 0.45 12.80 12.35 2.76 6.50 41.38 1.92
Single fruit weight
S REAA
RIG AL/ em 0.94 2.97 2.03 0.37 2.30 16.09 1.90
Fruit diameter
YA
REMElom 1.01 2.83 1.82 0.35 2.30 15.22 1.86
Fruit longitudinal diameter
FIBFa%K
Index of nut shape 0.69 1.47 0.78 0.09 1.02 9.00 1.94

(Longitudinal diameter/
transverse diameter)
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Table 5 The latent root, contributor ratio and accumulative contributor ratio of the principal component

F FHIE(E BTHRAR /% FRTTHR/%
Principal component Eigenvalue Contribution rate Accumulative contribution rate
PC1 5.369 21.478 21.478
pPC2 1.875 7.499 28.977
pPC3 1.691 6.762 35.739
pc4 1.464 5.857 41.596
PCs 1.407 5.629 47.225
PCé6 1.33 5.319 52.544
pC7 1.204 4.815 57.359
PC8 1.112 4.448 61.806
PCo 1.004 4.016 65.823
B # Distance
0 5 10 15 20 25
1 1 1 1 1 1
100
118
I 109
112
L 80
67
27
1 |44
60
30
8
- E 38
& =
= g 154
=
g 35
< |
75
205
141
170 —
160
v 178
191
230
198

o5 T EBE - FRWCH 91,93,100,95,90,96,94,113,118,104,110,99,124,125,117,120,121,115,122,109,114,123,85,88,103,126, 140,131,134,
132,112,116,106,111,98,102,97,127,101,108,107,119,80,81,78,89 F1 64 5 W Ui ; 45 11 et 2= FHKIK M 49,54,72,74,67,92,58,63,41,52,48,
53,17,29,12,25,23,27,31,36,6,8,43,45,32,44,61,62,65,59,55,68,76,69,77,86,79,60,1,19,7,13,15,3,5,18,26,30,40,21,24,16,20,9,2,28,
42,50,34,38,37,33 F151 5% 55 2R BEM 1 2 M RWCH 73,87,233,234,4,57,154,155,14,10,11,226,145,208,129,130,105,35,71,157,180, 158,
227,167,221,47,211,66,75,206, 83, 84,46,232,82,56,204,207,205, 187, 179, 128 Fil 133 S ¥ i ; 55 IV AE M _E 2= Rk M 218,229,200,210, 195,
135,137,141,138,146,139,147,151,166, 171,176, 184,174,162, 170,181, 161, 143,149, 152, 144,136, 142,160, 153,183, 188,177,172, 182,163, 148,
150,173,178,168, 169,156, 159,186, 194,192,197, 189,191, 185,193, 199,213,202,209,70, 215, 164, 175, 165,230, 220,224, 203,217,231, 196,201,
190,212,198,214,222,228,216,223,225,219,22 Fl1 39 5% . R FHFI453% (4L il Pedigree charts using average joins (within groups)

Bl 2340 LIEMRTRERREDNER

Figure 1 Results of cluster analysis of 234 hawthorn germplasm resources
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191,193,199,202,209,203,196,201,190, 198) FIAK 1L ## (4 = 213,215,220,224,217,212,214,222,
216,223,225,219,228) K %, 54 2 b ik (45 231, 230) FFT R 28 LA (255 229) 7RIS/ .

RBGEIL R DR SCHR AT I RS HT , R G O RIE W A — PP s IR 2 HORAE 7 —f, s 1 2%
AN I SERERA R R A LA, 24 073 ST 24 Ll A B 5 IR 0 (18 3 ) 7055 IV 2, LA o iy L Ak % U 32 B 4y
AT TESS MZSHEANEE IV 2R I AR R LA PR LA 73 F IR B B iy SR, JHL s DR T 82 00 S 1) £
BOR D (B 3k S E AE JRAS T rh o R AE — B Y, 191 G 28y ok YRR 1% 2146 LA R IRRCAES 2 R 08 14 2 15 ¢
P, AR LA (%) R 53 6 IR, T4 DU, O Hax S B8R HES I 7 — 1Y .
23 ETFRIEROERD S

X 234 45y LU B8 5 AR SR IEA T F2 o o BT (3R 5) , SR I 850 A 9 N FRRIE(EAE 1.0 AL, R 9
A F T TR BRIAE] T 65.823% o 1 M DTRER K 21.478% FFIEAE k 5.369, B i K FH
il 8 ARFAEAH, T RAE A0 = B SRR SRR R A DD =B M R R AR S 2 5 2
F R B TTRR RN 7.499% R E(E A 1.875, 7 BB i (1 O 3 850 P A% R R ERRRAE AR 5 5 3
B3 W BT ER 3 6.762% , R AEAE R 1,691, 1 2 (H 28 e 9 HUA SRR B0, 26 4 35 0 1Y STk R o
5.857% , FFAEAE A 1.464, TR BB 3 & 0 AT 5 R 38 5 515 5 A Y BTk %8 5.629% , FRAEAE
1.407 , A E AR 1) HA = R IEAR 565 6 F A3 B BTHRE R 5.319% , FRIE(E A 1.330, T8 E 8 = 1A
R GRS 35 AR 28 7 U B TTHR RN 4.815% , FEAEAE N 1.204, 7 38842 = 19 HUA R AZ 4%
iF 355 8 T4 1 BTk %6y 4.448 9% | FRAF My 1.112, R840 5 1 WA 32 BB 14 5 475 9 1 L4 1 ik
A 4.016% FEIE(E R 1.004, AR AR & HAEEIZR . 580015, 26 R AR FT iR 9
ASESY A5 17 PSRRI
3 itig

TSI HOIR 0 S5 5T, S SRR R UEE O 0 T AR R R B R R A 3
Bl 728 S ZR R W MRS A ) B R B, LR/ IN 55 PR ) 208 S 3 T 2 TEAHOC , {RDBRR R W P bR A
SRREER, SRR RIPEAR 09 25 S AL B ABIF G & I 234 3 LIS SR [ R LR R 25 7, EL
R R H 17 NIRRT ST 394, &R TR A 2RI B 40 A R 25 AR, A
14 PRSI S RABUK T 50% . 9D RAE MRS F RECH 9.00%~43.88% ; Shannon—Wiener 2
8 5 B 5T 0 R ) P 22 e RN 2 R 43 2E 50 R A AR 3 A 35 50 R P T (L 15 %
PR B 22 A 1 T 1, AR R T T 3 R MR Y Shannon—Wiener Z2REEFE KN 0.07~1.67 , 1M 45 & 14
R Shannon-Wiener 18 40°4 0.68~2.02, el i MR 2 AE 1 TE S = &, 33 S4B Sy i 156 b Jr i 4 R B
MORLFI R BT RE R AL T AT e

ABIFFE T 1L AR o J5 0 U 1) SR S R B R AR T AR D L o S R 2T Al A 3 A B
O FELHR SR E LA 9 MR AE 1.0 LA AT 9 F a2 TR 2R 65.823% , A&~
PEIR B TTHR AR R 30, AR TTER ARG R AN W] I SR SR A 52 Z2 AR A 3 [R5 271 R DGR 2 Al
71 o LR o 5 9% 905 S SP R (B A7 7 b 25 b Sl 2 AR G ] B R S0 A MR B AR E R
5 RS PR B A DG AT 3K 5 97 KR P S 5 SR — B AN A ok RS 234 1y
LA BT 40 53R 4 A2, IR EE I R DUR SRR AT B SRS, SR 4 OC R I [R] —Fh gt IR 224K
RAE T —, W5 T 2850 1 28HEH 2 KR s, 24 13 P24 A B IR AR 2 (18 4 ) FE 58 IV 28, Ay
JUASF i LA B8 5 32 B0 A7 16 26 RN 2R IV 208, A AR SR LA RIS AE 20 JF IR 1 Sl i 28 L
BT D R AT 82 WE VAR 5K 2D (L S 5 A SR 2 (BT v R SR AE— B2 17, 9 An 3458 1 RO 19 21 481 L) A R RR
A SRR AR A T 003 B TR, AR LA ) AR 43 AN, 58 IV 208, O FLX S e R HES 78— A9

i 2 AR AT SR 2 0T G I 5% 1 e B AR 1 I R AR o R L B ST R R R A AR, AT L
TR i o o 0 YR 118 A8 S 5 4 e Ak R TR TR | A 98 SR SR A B 645 0, #8717 1 A 8 1R
SR U 2R R0 43 TR TR B R EH AR AR B R, ) 10 B U A R PR AR A, iy LU e 5 5% 1% £
P DM KORT R PRE AR A AR
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