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Abstract: : The ISSR and rDNA-ITS sequence analysis were used to identify the genetic relationship
of 17 wild species of Clematis L. in Hebei Province. The ISSR amplified result was conducted cluster
analysis by UPGMA method. After PCR amplification, the ITS sequence characteristics were compared
and analyzed by Clustal X, MEGA and other software. Finally, the results of these two molecular markers
method were comprehensively analyzed. The results showed that primer combinations can amplify 104
polymorphism bands with the percentage of polymorphic bands (PPB) of 100.0%. The average observed
number of alleles (N,) was 2.00; the number of effective alleles (N,) was 1.3069; the Nei’s gene diversity

(H) was 0.2196; the Shannon’s information index (/) was 0.3675. According to the clustering results,
17 species were divided into five groups at a genetic distance of 0.66. Moreover, the length of ITS

sequences varied from 543 to 561 bp, including 87 variable sites, 37 information sites and 50 singleton
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specific discrimination sites in the 17 Clematis L. species. The genetic distance between C. macropetala
and C. ochotensis, C. kirilowii and C. kirilowii var. chaneti was 0, and the genetic distance between C.
acerfolia and others was large and the genetic relationship was far.
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T 2 E R s BRI (2015) W TRV NBRIM R SE 4 g 7 21 18 M Fh (BRAE R BALKTR
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Clematis intricata C. aethusifolia C. fusca C. peterae

o
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C. heracleifolia C. ganpiniana var. tenuisepala C. kirilowii var. chanetii C. kirilowii
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C. brevicaudata C. tubulosa C. argentilucida C. fiuticosa
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C. hexapetala C. pinnata C. macropetala C. acerifolia C. ochotensis
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Fig.1 Seventeen wild clematis
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®1 HEAREERSHIERRERS
Table 1 The morphological characteristics and collect information of the tested Clematis L.
TS Plant type
o o AEM Pl -
HEE R o oy R g gy RS
No. Species . Sepals Flower . o Collection
Life form Leaf form Calyx Blooming  Fruiting
color form . . place
period period
1 EIEBREE N ZN —EEFIRE 4 mf BRIR 6~7 8~9 TRE TR
Clematis intricataWoody vines One to two pinnately Yellow Bell Yu County, Zhangjiakou
compound leaves shape City
2 FRBREE TR —EZEFIRE 4 wEE BRSO 7-~8 9 His s 77 22 vl
C. aethusifolia  Herbaceous One to two pinnately Canary Bell Wu’an City, Handan City
vines compound leaves yellow shape
3 WEERLE BT A — PR 4 K BRR - 6~7 8~9 ZEHTHRE
C. fusca Herbaceous One pinnately compound Purple Bell Qinglong County,
vines leaves shape Qinhuangdao City
4 PR A A — BRI 4~5 Ay BIR 5~6 7~8 HIRHR i B
C. peterae Woody vines One pinnately compound White Wheel Ci County, Handan City
leaves shape
5 KMk HEAR =thaEm 4 WA MR 7~8 9~10 fREWHE
C. heracleifolia  Shrub Ternately compound Bluish Tubular Yi County, Baoding City
leaves violet
6 BRGTHRLE HERUEA —EPRE = 4 SEE) T 7~9 9~10  HEHBTITRLE
C. puberula Herbaceous One pinnately or two White Cross Ci County, Handan City
vines ternately compound
leaves
T BRERCKATRRLRE ARFUEA —BERE 48 At IR 6~8 8~9 PR 58 TR X
C. kirilowii Woody vines ~ One pinnately compound 5~ 6 White Wheel Mancheng District,
var. chaneti leaves shape Baoding City
8 KATHRZLIE A A — BERE 48 At IR 6~8 8~9 fREN S
C. kirilowii Woody vines ~ One pinnately compound 5~ 6 White Wheel Yi County, Baoding City
leaves shape
9 Bk A A T =l 4 SR AR 7~8 9~10 fREWETH
C. brevicaudata Woody vines  Bipinnately and White Wheel Fuping County, Baoding
ternately compound shape City
leaves
10 BEHRELE AR =hEn 4 BE6 @R 7-8 10 FRAET DR B
C. tubulosa Shrub Ternately compound Bluish Tubular Xinglong County,
leaves violet Chengde City
11 AR L N 2N — BEEARE 4 SREN B 5~7 7~10  HFEHEMHZLE
C. argentilucida Woody vines ~ One pinnately compound White Wheel Zanhuang County,
leaves shape Shijiazhuang City
12 BEARBRLE N — BEERE 4 mf BR 7~8 10 KFE O TR E
C. fruticosa Shrub One pinnately compound Yellow Bell Zhuolu County,
leaves shape Zhangjiakou City
13 HRHIEkEE NN Ly 4~8 A BR 6~7 8~9 FRAET M B B
C. hexapetala ~ Woody vines  Simple leaf White Wheel Xinglong County,
shape Chengde City
14 PHEREOE NN — BEEARE 4 SREN Ak 9~10 n~12 ZREHHERE
C. pinnata Woody vines ~ One pinnately compound White Tubular Qinglong County,
leaves Qinhuangdao City
15 KIRERLGE A A ZE=Haet 4GB R 7 8 R 5 &
C. macropetala  Woody vines  Bipinnately and WEE  Bell Yi County, Baoding City
ternately compound Blue or shape
leaves lavender
16 MR BREE A F I 5~8 HEAE  wmM 3 AP~ 5~6 AFETHREE
C. acerfolia Shrub Simple leaf ket Bk 4 A Zanhuang County,
White or  Salver- Shijiazhuang City
pink form
17 AL A A ZE =t 4 KRG BRSO 5~6 7~8 fREN 5L
C. ochotensis Woody vines  Bipinnately and ternately Light Bell Yi County, Baoding City
compound leaves blue shape
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1.2 DNA HiZE S

KA AR 3L R 4 DNA $2BGRF & (CW0531S, FEAEZD), IR F &t HiE 17 4
BRZREREAD) DNA J5, BERHUKE T M. LU 1 L 9 ddH,0 = AR, Themro &
O IGRE T T DNA ZiERGI, HA4ERE (OD,e/ODaso) 7E 1.6 ~ 2.0 Z.[6], Ui ] DNA 4
Ji>, SlE AT TR SR B K DNA BRI R AL 40 ng - uL B TARWR, 1% ER Mgt B
KA o
1.3 ISSR 3|4Hi%

MANEE R EHAR LL K22 AAR I 100 4% ISSR Gl A 51 Wy it AT ik, 18 v B8 IR R B AT
R, PARMEREEM A B Z%E DNA AR, S0k Red 1 G 27 i 51 . IRFERR B
WHE: 457, 47.7. 50.4. 51.8. 54.0. 554 ‘C. 25.0 pL [fJ ISSR-PCR X MfA&R: 2.0 uL DNA T{E
Wi+ 2.0 uL 51%. 12.5 uL 2 x Es Tag Master Mix. 8.5 uL ddH,O. ISSR-PCR " #8F2/5: 94 CHiAst:
5 min; 94 CAEME 50 s; 50 ‘CiE/K 1 min; 72 ‘CHEMH 1 min; 36 NMEH; 72 CLEfH 10 min; 4 C
{*1E. ¥ BIO-RAD ¥ 3G B IFFEF 5, FIHEER G0 17 e a7y 38 . 338 5 7= 4R
F US EVERBRIGHT (] 6x SuperStain Loading Buffer {74 ff, 1%I5 AEHELE B kA (1 x TAE
Z2pP, 120V, 100 mA, 0.5h), FR-2000 & A% 0 M R G348 30 A7 B vk B

1.4 ITS i/ &

HUZER 41 DNA 1 pL {E AR, FIH 2R 5245 (2012) K & 5190 (F: AGAAGTCGTAACAAGGTTT
CCGTAGG; R: TTCTCCGCTTATTGATATGC), #17 PCR ¥ 15, PCR ¥ H#§{A % 20 uL: DNA T1E
1.0 uL. E3E5I1Y. FiE5194% 0.5 uL. 2 x Es Tag Master Mix 10.0 uL+ ddH,0 8 uL. PCR Jx N F2
F: 95 CHlAEME: S min; 95 CAEME 30s; 60—50 ‘CiB-k 30s; 72 CHEffi 45s; 33 MiE¥; 72 C
ZEfH 10 min; 4 CRAFE. PCR W 1%E2IE0E B kAl . %F 5 1) 26y @i AT VIR W, 49 5l
¥E 5 YA T IE A

1.5 BUESH

e N T3 R, JOsREr= e — AL B I R4, 1SR4 TcN “17, I
WAL “07, a4 A Excel 4iit, FIH NTsys 2.10 544, 18 /] UPGMA 2 (Aot 2%, 2014)
BRI . i POPGENE #UFitHEMFERE (N A REAFEREL (V). Shannon’s
= REIEE (D, Nei’s ZEEZFME (D ZE18F5.

2 RS0

2.1 ISSR#Ri2H 1R

2.1.1 &K

M 100 2651 th i 12 2651 mT 9 s 104 468, oHans, B mRE . Hpdty
B AR 104 26, Hoh R R4 104 2. TSI B 8.7 My A, Hr RS AN
874, ZAMHILA100% (F2) o X 12 45WATPHEH 6 ~ 12 ZFEAERKN . P I8E%H
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FBOR/ANA 200 ~ 2 000 bp. Hidr, 54 US4 YIS &mRE (B2, N12%. 514
U836 F5| 4 Us44 3 i I A& B b, v 6 %%

I POPGENE 1.32 7387 17 (kR FEREA DNA A0, SR ES RS (V) N 2.00, A
RO IEREL (N 4 1.3069, Nei’s R ZFEM (H) 5 0.2196, Shannon’s £ FEMEAS B84 (D
N 0.3675, FW 17 Grek G BRI 4] DNA 288G, RRERRNES, HE 21k
ik

£2 AT 17 ME%EERLA DNA ISSR-PCR MG IMERRSHHS N
Table 2 Primers information and polymorphism used for ISSR-PCR reaction of genomic DNA from 17 plants of Clematis L.

51414k a1 B KR/ C i 8 EZ LIS EZ LAV =
Primer . Annealing Number of  Number of Percentage of
Primer sequence . . . . .
name temperature loci polymorphic loci polymorphic loci
U815 CTCTCTCTCTCTCTCTG 54.0 11 11 100
U824 TCTCTCTCTCTCTCTCG 55.4 12 12 100
U834 AGAGAGAGAGAGAGAGYT 57.5 7 7 100
U835 AGAGAGAGAGAGAGAGYC 50.4 9 9 100
U836 AGAGAGAGAGAGAGAGYA 55.4 6 6 100
U840 GAGAGAGAGAGAGAGAYT 55.4 7 7 100
U4l GAGAGAGAGAGAGAGAYC 55.4 10 10 100
Ug43 CTCTCTCTCTCTCTCTRA 54.0 8 8 100
Us44 CTCTCTCTCTCTCTCTRC 55.4 6 6 100
Ug4s CTCTCTCTCTCTCTCTRG 55.4 10 10 100
U866 CTC CTC CTC CTC CTC CTC 55.4 7 7 100
U899 CATGGTGTTGGTCATTGTTCCA 51.8 11 11 100
2 000 bp
1 000 bp

750 bp

500 bp

250 bp

100 bp

B2 5[4 Us24 Y PCR 3/ 1 e Sk El i
Fig.2 The electrophoretogram of PCR amplified patterns by ISSR primer
212 R%

FIHEAE NTsys 2.10 X JRE R RS AT A0 2, HR#E UPGMA 2%} ISSR 43 Fhric g it 17T 5%
Ko fEBAEIEEAN 0.66 &b, 17 FHEFARREER >R 5 K. 5 1 ROUFEHEREE, RS
e CPIMRZESE 10 M, 2B IR RA T MHEREE, SFHERERE RATERAE . AT E . M4
BREGTE; HIVROIEREARRLENM I 240E; £ VRUF/BEBREE (B 3).
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1761

B RRIRTE Clematis peterae

| £ SEEEARERIE C. brevicaudata
PniEkER3E C. pinnata

| Ki4k2R3%E C. heracleifolia

| B IRSE C. tubulosa

AR E C. intricata
BRY TEBIE C. puberula
FAARERIE C. argentilucida

\ KMk &3E C. macropetala

I ‘ GERATE C. ochotensis
FEHARLRTE C. aethusifolia
P RATERBIE C. kirilowii var. chaneti
IH ’—‘ KATERERIE C. kirilowii
| TRH4RER3E C. hexapetala
v \ WEARRITE C. fruticosa
v | MRS C. acerfolia
HBEEE C. fusca
0.61 0.‘66 0.‘70 0.‘75 0.‘80

2.2 ITS FH9Hr

221 RFP4&

BAEEEE  Genetic distance

B3 17 MiaimR e R AY) ISSR BAE
Fig. 3 ISSR dendrogram of 17 plants of Clematis

PCR 34 HE 3K ARG I 2 7R BT A A T AE 500 ~ 750 bp 2 A4 B —4 38 464 (B 2D, DI Rl 2
17 NEES N P s R A PHERAS T ITS &KIFH], HA AR N Bl AA7E SNP fi7 5. 2k
LREJRIN 17 FAEY) ITS FPAIKE N 543 ~ 561 bp, HApPFIHRA KR BERERTE, MRk IR 2,
THEEKE FANE 2 AN BRYTEREEN T AR . ITS1 KN 164~ 180bp, G+C & &EA
58.90% ~ 63.89%; ITS2 KK E A 219 ~227 bp, G+ C FEHN 65.60% ~70.00% (£ 3), Hh&4H

7 5 87 4,

FRALR (FEPIA K BL By RETT P A e 2 58, HE B AH PR A 7 R AR 1%

REREH IR IR B A B 37 A4S, Kt A A 50 A (R 4). % 17 M4 ITS 44228 & NCBI
AR FE RS 18 559 MW 383262 ~ MW383278.

2000 bp
1 000 bp
50 by

500 bp
250 bp
100 bp

250 bp
100 bp

B4 PCR ¥ HEKEE
Fig. 4 The electrophoretogram of PCR amplified patterns by primer
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&3 ITSFY (BIFITSIAITS2) KERE G+CRE
Table3 Length of ITS (including ITSI and ITS2) and content of G + C

' FEA ITS ITS1 ITS2
No. Sample K J&#/bp Size G+ C/% K& /bp Size G+ C/% K& /bp Size G+ C/%
1 WAL C. intricata 550 60.00 164 59.15 227 65.60
2 FEMERELTE C. aethusifolia 549 60.88 171 60.36 219 67.10
3 WEEBELE C. fusca 561 61.50 180 61.67 223 66.80
4 B TE C. peterae 550 61.27 172 60.47 219 67.60
5 KMAERLRTE C. heracleifolia 550 61.64 172 61.05 219 68.00
6 ERGTHREE 543 60.89 164 58.90 220 67.70
C. puberula
7 RELRATRRRE 544 61.76 165 59.39 220 70.00
C. kirilowii var. chaneti
8 KATRRERTE C. kirilowii 545 61.76 165 59.76 221 69.70
$RERRTE C. brevicaudata 550 61.38 172 60.47 219 67.90
10 LML C. tubulosa 550 61.57 172 61.05 219 67.90
11 M2 C. argentilucida 550 61.68 172 60.59 219 68.50
12 HEARBRLRIE C. fruticosa 543 60.04 165 56.97 219 67.10
13 MBI LR % C. hexapetala 549 61.38 169 59.17 221 69.20
14 PFIMERELTE C. pinnata 550 61.79 172 61.05 219 68.50
15 KL C. macropetala 548 60.95 171 59.65 218 67.40
16 BRI ZR5E  C. acerfolia 559 62.79 180 63.89 220 68.60
17 FRP L C ochotensis 557 61.40 179 60.89 219 67.60

F4 17 HREEREVAORREENLS

Table 4 Singletom specific discrimination site of 17 species in Clematis

FEAS A s5/bp Loci

f\]ﬁ; 8 29 47 48 49 53 55 56 57 58 59 60 61 62 63 64 65 66 67 68 69 70 71 72 73 74 75 76 79
1 T A G CAGGCG—-C —-—-CC ———————— — — — — — — T
2 T A G C G A G C G T C — C G C - - - - - — G C G Cc c — cC
3 T A G C A A G CGTCCGTCCCTCGGT CGGT CGECTCGTCTCC
4 T A G CGAGCGCT —-CGGC ———————6GT¢¢GTCcCCcCc cCcagaG
5 T A G CGAGCGCT —-CGC ———————6GT¢GZ«Ccc cc
6 T A RCGAGCCGCT —C —— —————— — — — — — — — (C
7 T T G ¢ A ACCCCGG—TTZCC— ——————— — — — — — — ¢(C
8 T w6 C A ACCCGG —To C— —"———————— — — — — ¢
9 T A G CGAGCGCT —-CGGC ———————6G¢GZ«CcCo<cTC
w r A G CGAGCCGCT —C6G6GC ———————G6G¢¢GGT Ccc cc
1 T A G Y GAGCGCT —-CG6GC ———————G¢¢GTCcC cCc cc
2 T A G CAGGAAAC —-—-CC———————— — — — — — — T
3 ¢ AGCAACTTAG-—-CGG ———————G6GA — — —T
14 T A G C G A G CGCCc T —C G C - - - - — — G C G Cc Cc cCc cC
5 T A G CGA ACGCG—CCC —— — — — — — cC G G T C C
6 ¢C A G CAGGTCGTCCGTCCT CC—GTCGTCGCGECQCTTCTC
7 T A G C G C A CGTCG—CTCT CTCGSGT CGTCGT CGTCTTCTUC
FEA A f/bp Loci

Tg\fﬁoiJ 81 82 95 104 107 122 123 133 139 140 142 146 147 151 152 155 158 174 177 309 310 311 325 366 367 386 402 403 406
1 C ACAATTACTCGGTAGAACTTTAT —CCCT A
2 c ¢ T A wWwT T ATCT CIKGTAGAATTTTAT — G C — — A
3 c ¢ T A A TTAACGGTAGAGTTOCT —T G T C — — A
4 c T ¢C AATTAACGGTAGACTTTTATC —GU C — — A
5 c ¢c CcC A ATTAACGGTAGACTTTT AT C — G C — — A
6 T ¢ C AATTAACGGTAGA AT CCTTTATCTCGT C — — A
7 c ¢ C A ATTAGAGTT CAGAAGTCCTTAT —G C — — C
8 c ¢ ¢ A ATTAGAGTT CAGAAGCTTAT —GC — —C
9 c ¢ CcC A ATTAACGGTAGACTTTTATC —GZ C — — A
m ¢ ¢ ¢ A ATTAACGGTAGACTTTTATC —GZ C — — A
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Bk 4
FEA fis5/bp Loci
W5
No. 81 82 95 104 107 122 123 133 139 140 142 146 147 151 152 155 158 174 177 309 310 311 325 366 367 386 402 403 406
11 c ¢ CcC AATTAACIRGTAGACTTTTAC —GC — — A
2 ¢ ¢ ¢C GA T T AACGGTAAAATTTT CAT —G C — — A
3 ¢ ¢ C AATTAGAGGTAGGACTCTTAT —G C — —C
4 C C C A AT T AACGGTAGACTT T T A C G ¢ — — C
5 ¢ ¢ T A AT T AACGUGTAGAGTT T T A C G A — — A
6 ¢ ¢ T A A CCGAZCGGTZCGAAATTTCAT G ¢ — — A
7 ¢ ¢ T A AT T AACGGTTGAATTTTAZC — G C — — A
FEA {7 s5/bp Loci
Ig\lﬁoj.? 407 408 416 428 429 464 469 470 475 488 492 499 505 532 539 541 544 546 547 548 549 550 551 552 553 554 556 558 559
1 A GT T TTTTT CTT CTCT GTTTT CZ CZ CGS GTT CGAATT
2 ¢ GT T T T CT CGOCTTSGTTOCG ——— — — —GAATT
3 ¢ 6T TTTCTCGTCTTGTTCACACG ———GAATT
4 ¢ GGT T T T T T T GCCTGTTO CG ——— — — —G A G T C
s ¢ G6TTTTOCCTSGOCTCTSGTTTCG ——————GAGTT
6 ¢ A T T T T TOCTGTCCTSGTCTOCG———— ——GAGTT
7 ¢ GG CTTTTC?CTCTCTCCTS GTCTT CGGA-———-—G6GAT -
8§ ¢ G C T TTT CTCUCT C?CT CTGTCTT CGGA———-—G6GATT
9 ¢ G Cc T T T T T TGOCCTWRTTO CG——————GAGT C
10 c 6T TTTOCOCTSGYOCCTSGTTOCG——————GAGTT
1@ ¢ G T T T CT T TG CT CTGTCT C G - — — — — G A G T C
12 c G T TTTOCTOCCGCTTSGTTOCG————— —GAATT
13 c G T TTTT CCTCGT CTCT G CTT CGGA————GGAAT
14 c G ¢cTTTYYTSGYOCTSGTTO CCG——————GAGTT
15 c 6 T T T TTTOCOCCTTSGTCCTOCG——————GAGT —
16 c G T CcCcCcTTT CCCGT CTOT CGTTOT CGG —————T A A C —
17 c 6T T TTTTTCSGTCTTSGTCTO CG ——— — — — G A G T T
e 117 HEARRSTERER 1, T,
Note: Sample numbers 1 - 17 are show in table 1, the same below.
222 #ALIER
W Kimura-2 ZHCAEFEBRILUHE, REAGHITS 551 ML EERS (R 5).
F 5 ITS FFEH Kimura #LIEE
Table 5 Pairwise divergence of ITS sequences using Kimura-2 parameter distance
FEAYR  WAEHIUE S Genetic distances among 17 plants in Clematis L.
5 No. 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17
1
2 0.025
3 0.029 0.015
4 0.035 0.021 0.031
5 0.033 0.015 0.025 0.006
6 0.037 0.023 0.033 0.013 0.008
7 0.045 0.035 0.045 0.045 0.039 0.041
8 0.045 0.035 0.045 0.045 0.039 0.041 0
9 0.035 0.017 0.027 0.008 0.002 0.01 0.037 0.037
10 0.033 0.015 0.025 0.006 0 0.008 0.039 0.039 0.002
11 0.037 0.019 0.029 0.009 0.004 0.008 0.039 0.039 0.006 0.004
12 0.031 0.021 0.029 0.033 0.029 0.037 0.045 0.045 0.031 0.029 0.033
13 0.041 0.035 0.045 0.043 0.039 0.039 0.023 0.023 0.041 0.039 0.039 0.039
14 0.037 0.019 0.029 0.009 0.004 0.011 0.035 0.035 0.002 0.004 0.008 0.033 0.039
15 0.041 0.017 0.025 0.023 0.017 0.021 0.037 0.037 0.019 0.017 0.017 0.035 0.041 0.021
16 0.049 0.031 0.039 0.049 0.043 0.051 0.057 0.057 0.045 0.043 0.047 0.033 0.055 0.047 0.045
17 0.039 0.015 0.027 0.023 0.017 0.021 0.039 0.039 0.019 0.017 0.017 0.031 0.039 0.021 0.009 0.039
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17 PR EEM B AL FE B AE 0 ~ 0.057 (8], “FIBAFEE N 0.029. BBAIX 17 /N SHEMTEF A= 8k
LRIEFRG R RGO, A B AR AR BRI . oo RAT R TE (8) SRR KATHERE (7). K
MEREE (5) SHELEHREE (100 FBEEE RN, ¥H 0, KRR 2 M AL EE LR /IR
KATERERTE . PR ARAT R TE SR 2635 (16) IBHMEFE B AR, Vi BRI 2k 2k 5% 53X 2 Fif
BREGE G e R, HARM 2k 2835 5 HoAth 16 PRk 2% it (st A& FE 55 380K (0.031 ~0.057),
E BBk 2o 5 HAMAR B SR Ok RO
223 RARKFoM

FETIER 17 2 1TS J¥ 51, RAI UPGMA i34 17 AR B AL SR AR Y 1R % R AT 70
B, FHERGREN (K 5.

31| RERETE Clematis heracleifolia

31 || R TE C. tubulosa
62 FEREE C. peterae
SRBREEE C. brevicaudata
PniEkER3E C. pinnata
BRY TEBIE C. puberula

. 61 FAH R TE C. argentilucida
42 KMesk k3% C. macropetala
93 gk tbSE C. ochotensis
30 ‘ HREERE3E C. hexapetala
99| | IR KATERETE C. kirilowii var. chaneti
99\ KAFRRLIE C. Farilowii
FEHARLRTE C. aethusifolia
32 AR C. intricata
HBEREIE C. fusca
TEARERESE C. fruticosa
50 BRIHKATE C. acerfolia
—
0.002

Es5 &T ITS FIMENREERERER
0.002 -7y SLHLHI R L
Fig.5 Molecular phylogenetic tree inferred from ITS of 17 species in Clematis

The length of the scale is 0.002, which can be used to calculate the genetic distance of each branch.

17 MREEREARREIR N 5 98 KRGS RNy —3K, JF H 5P o S i [RIYEE; Ja R
FMER—3 BRGFARE AR KRR R —IE KAT. BRRAT A IR N —2K,
PLE 13 FAF I ROy — 2K SRAEAIIE BN — 38 MEARRRIM ROy —K, Db 4 MhEREE N RN —
Fo BB, W5 e Bk L IR PR, KRG R RO .

2.3 Wb 17 DEBENFEREERNFEERR

KH ISSR J2 ITS JFHI M 2 Mk 1 17 DNRBEIVEREERT A Fl, S5 58388 ITS A1 ISSR
HBBEAR B M X Bk B S AT SR o A, 1 B AR IR A5 SR AR AL

Fph, KIWHEG R R/B0E, BRN—J Kb, BEZNFSRGRARIL, B BREY
T MHVESEG R REUL, BN FRE. PMEGEXRENE, BRI KT PEKAT L]
FGRARBIT, BN BER. MR RRRBL, BN FHRMERN I,

PR AR ICR T30, B MBI RAE, BT ISSR MERESITEE R, HmALHM
RN, PRy —I, MET ITS FAIRREER T, BESH\ERNN—K; = 5K,

GHERN K,
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SiE RGN KT (ECRMEBERT, 2005) KIESFHE, WEREHERG R R 53— D H4G
Fo KIFEREE. PR E R T KM E TR EA, HAME R TUEA, %=
WA, MACh R =W, R, Bey, SHERUME, SRR RN
M KRR, BEBERE TR EAEA N R R E WA, AR, FHIERG, €
RUNFIR, MEA=HEM, R MR AR AL, AR FRIBGE RS ZHIE, EEKR
Bo. BREF MK, FRE. HEEETERMA FRAEEkE A, RmEA, H, i
BREGEM N —RIRRE M, fEhE e, AL, el b8, FAL EHIRURIN S KR E . G
BREGESAME, 5 3 MERSEPMEDL ISSR BKLE BT . KITHLERE T AMA T
JRAN A, BRBEKRAT /& RKAT ARl , AN Salis ke WA R asr, EEX A AN = H=E
B PPRE N, Nl E AL, (BIEES TRBLE R, KATSHIERISRE, AT FEE R
RN SRAEAN I B o MR R 2R AT R R JE R AV, TP R RAeAL T, EhhE
o, AP, MRFEDN— 2 ZEDPPIRE M, RAEMIE, AIERAsY BB ORI =
DTRBER. HHFRY, RUSFEERESZFAMERAE N ILERmN k5L 55, 2018), Zigh
B TERA G BIE R LK R

PR 2R T8 T R R 2 AL N BRI R 2 WA, R BEA, A= E M — & L EER
git. A ERE, B, fRIE. mRREEN R, —&2 S ERPPREME R = HE M, HH
t, R, ERME. BRSRGE. PIHEREENEARY: FIHEARE, RESX 5y, Py
HNHEEMR (Xieetal., 2005). SRIPIH 2L K 73 F A FE LA ERBHIN (Xie etal., 2005).
FCRAEN BT —IXIET, ER 2R EE T Rk S H (Wang & Xie, 2007). HARTEMN
A% LR R 5 R R 8 S P B G B RN ], (E 5 Fub iR B A0 R Bk 48 5 5 A o8
RAEHEZY, X522 TRAEREMRER (Kieetal.,, 2011) &3, ARELEAERNE 2432,
B LER TR N BB E A, REUEAR, MON—RIFPREM, 25 4
B F, REOHRIE. BB TRASREEH, KFEA. H—2 ZRPPREM, @ERE,
BEPOIRTE . SRR AR Bk 2= B e S (A SRS AN R, BB A R R, B ek
LR R AT T BB BRI, e BERZE M RONBRATE, fEEA B ERK, —HEREY L
RINSELG R RBUE, 5 ISSR FA45 RAHML.

ERRGGEE TR, NEAR, Mo, ERESRAIIR B, BEEpRE. #
RERLE 5 AR ER LS AL, =35 B ) b R (13 (= RO TR B R R AR 22 . k¥
XTI AE U] — F BV (CESCRAZER, 2005). AR50 745 BB E B4k
LRE S AN B 1TS LR AR R, JBTEkikd, B L/MEAR. Bt ERRE, KT
&, mEmRIGE, AEmLL. 5HA 16 FIERESEMES IR ZR S, A% LiE—PR
UET ITS 45 SR puErfitE . R4 8 5 AR 2R ok R T HHREE R T R Bk 24~
(R ER R . Y A R 2R B R A, A E = RIPRAN G . TR TR R GG
R, AR T — K.

3 iR

FERAM, MAEREERAS LT, 1TS FAIRREPRANEGM X 5 HF . 46 ITS J55145
B B ER R S A 16 MORZ O REUE . IXINTE T IR AIEEE (2011) XAk EE R G B IR
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FEE R, Hal e IR TEREGE R b 2 380 1 1t

i3 ISSR AT ITS FPo#r 4 R & T 70 554, R IRREE R EICR R G LA KL oAt
BRI KRR (KPGE 55, 2014) , FIwtFL 4 W 7 410 15 K 2 NMERC 2 REOERIHE,
AIRR AL E 2. ATREZ T i@ (I A, R, A fE b a2 5 mT BE -

LRGN REEE U] TRREGE AR 2RV E M. 34k, S S R BBk 2 BT A M
ZANE, AN R B R BB R ZE RO . BT 1 17 SRR AR BR O IR G R R, Bk
203 R BHE PP MR AE B M LR —E TR R E
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