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RAPD analysis of genetic diversity in the wild populations of Aconitum carmichaeli
Dexb. (Ranunculaceae) in China
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Abstract: Chuanwu ( Aconitum carmichaeli Dexb. (Ranunculaceae)) is a traditional Chinese medical herb, widely used for its
pharmacological effects, including anti-inflammation and pain relief. This herb has been cultivated in China for medical use for
over 1000 years and is mainly grown in Sichuan and Shanxi provinces in China. We have examined the genetic diversity and
genetic differentiation in 16 wild populations of A . carmichaeli from HengDuan and QingBa Mountains in Southwest China using
random amplified polymorphic DNA (RAPD) markers. A total of 643 discernible loci were obtained for all populations using 24
primers, and 93.5% of these loci were polymorphic ( PPL = 93.5%) . POPOGENE analysis indicated that the genetic diversity
by Shannon index among populations was 42.4% and Nei’s gene diversity coefficient ( Gg;) was 40.0% . AMOVA also found the
genetic diversity among population was 25.37% . It was found that the genetic variation was relatively greater within populations
compared to that among populations. The estimated gene flow from Gsr( Nm) was 0.756. Wind and insect pollination played
important roles in the sexual reproduction of wild A . carmichaeli, resulting in a high level of out-crossing. Out-crossing and tuber

reproduction were the main causes of high genetic diversity and abundant genetic differentiation in A. carmichaeli genetic
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resources. Calculations of Shannon diversity and Nei genetic differentiation consistently indicated that the Chongqing Youyang and
Chongqing Chengkou populations possessed the greatest genetic diversity, where as Sichuan Yanyuan and Shanxi Mianxian
populations possessed the lowest genetic diversity. The results of UPGMA and Nei’s analysis indicated that the genetic make-up of
these wild populations of A . carmichaeli showed regional differences. The populations in a region including Beichuan, Anxian and
Qingchuan were quite closely related. The high medical quality variety Jiangyou FUZI (Radix Aconiti Lateralis Preparata) is from
this region and the tuber of this variety is usually used as seeds in cultivation. This research has indicated that there is rich
germplasm resource of A. carmichaeli and there are large genetic diversities among its wild populations; both are important for
selecting A . carmichaeli varieties that may have better medical quality.
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MFR—FERAPSE,BOIEBGMZ—, HERE L KB LK (Aconitum carmichaeli Dexb. ) iR, F
BRI F . M7 80 EZ 58S KB (aconitine ) K & 3k B (hypaconitine ) F1 1 & 3k 38 (mesaconitine ) % ,
FEHHEEAERR A . BRONOBRRE FOLE. B EHURMOLEREMIHMERE/ER
U2 TR R R ) I, B ETEMNRER Y  ERER FEMAERKTLXMEE WL
X, B O )| 45 Pt X (VLI TT (%2 B AL )8 ) R 78 10 A b X8R 38 m AR A K, 9 )| A HE L 7E 20 42 60 ~ 70
FERFIAFREEHEERANE M, FANEEX B L. c28FA0EF —ENREER., XEHBXHR
BHrmf HERBEHERESL, SLBHYBREENSGMI P OERETERHFHBEEILEK,
ICRA 104 7 37 R FEASENZHMREERH, ZRPHWSLEREN GRS W, A)IEESER
GEMFRZERIP . FHURKIRR LBESEARXNEESBR AT HFEIL T LRI KT TERYE
A B TR FRREEPEN) BRTTSE X, XX KB A Ok R A EEWAREE, AR
BAME—RE, Bt e HEAY . B, IRIANKEOEA SR KRESHE, ASEEP R
FAKRFRE SREFEHELGAMR B SN ERE RSN FROGHAMENFENESEEE
38

MREVBEZHEN T ERE , GEESEKT BRZEGEE)KTE ABEMKEMBRKSFK
FHTE. FFKERESHEESTTED HUAR MBEARREN T EQES AR R Y
R BKEZEMSH (RFLP) (FEVLY 1 £ 51 DNA 287 (RAPD) ' fui 3% F B K BF £ 54 4047 (AFLP) , %
B REYHHRESMEEZHETRIE, BT ERNASMBEROTFRRL " Fat, # B
DNAZ FEAMRLLBHBREZHAENAZELBTCLAFHESL S, BREEHREHZEM 50305
A BB R AW SE nrDNA 9 ITS FF 51 i 77 35 X 30 B % 067 LUt b IX %% 24 3k &/ & 4K (Aconitum delavayi complex ) 8t
BEHEMRERTHITT AN ANARIARE LK A delavayi EERAR— TR R, ATRZFT IR
ARKER. B, BEix &k EZREMXEFE LA BN BRESHELRSTR, AXRAEERZ
FFAESH BB & ZREERT ST RAPD RV ) DNA KF EA4MT 16 43k B 53X — X 3R R A 58 g0 B 7
BF P RF AR 2 R R SOR L A AL B I 5T 3K — X B A 3 3k R Y 6 A5 0 RE 1, 3T B T B A R B E K 8K
EEAMBRELR,

1 HR5A%
1.1 EEME

2002 4 8~ 12 A AN E ERT PEPEA AL WE LK BRI R 16 4, Kb )| #8104, &
IRFRRE 4 A BREGFNEE 1 AN, B4R EE | AN, SR BER S E 1, BAFEE S DI 50 ~ 200 R AR, b A
M. REIANBN B A EEEPHBILER ISK, SR RESHBT 1~2 K, B4CEH, ek
£ DNA,

1.2 EBFE

1.2.1 DNA$2HL.PCR ¥ 3% KK M DNA $#£EU.PCR ¥ 3% R kMl 5 2 R AEE N A H ™, 31
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W A 465 FE 85/ 5 B9 200bp DNA Ladder fE Marker, ZE B S AFAAEFHERBBRENE , REER,
1.2.2 5I¥MH% BEVLSIYRA Operon AFIMSIWHRF| A.B.D.G.O.Q.R.Z,EMF{F AR EFEY ™Y
BE EEEHEN 24 51X TR MR EEY DNA #7931, 51948 WK 2.

1 TANFHENBRFECERNERRR
Table 1 The environmental data for the sixteen wild populations of Aconitum carmichaeli Dexb

BERERS =3 ) BREE EHRRES i BRBE
Population code Sampling site Alitude(m) Population code Sampling site Altitude(m)
Hac02201 mEAEEN A B 1100 Hac02405 P 7E el B —SE 1300
Hac02204 L Jlil ) 1700 Hac02406 Y ik 3 T2 36 3200
Hac02205 VY 1| S L — 5 600 Hac02407 BEEXZHEEK 1000
Hac02206 KB O R 1200 Hac02411 MlERBES 2900
Hac02207 QUYIIE-3:%, 7 3 1100 Hac02412 EXBARKRE 1100
Hac02208 ERE)I&®WL 800 Hac02414 w91 05 8RR AT 1300
Hac02211 WAL AT L Bk 1150 Hac02416 P9 i A5 ¥ ok B 2800
Hac02403 P9 1| B BE P 1800 Hac02417 MR TES 2200

*2 ATRNICIAHTFHLEANRBESULNSIDERERARNESHAY
Table 2 The primers and their polymorphic loci in analyzing genetic variations of sixteen wild populations of A . carmichaeli Dexb

314 BEAK  EBRAK ifp‘fﬁff 319 BRAK  EAMAK 55;&:?) fF
Primers Total loci Polymorphic loci polymorphic loci Primers Total loci Polymorphic loci polymorphic loci
OPAO8 30 29 0.967 OPO05 22 20 0.909
QPA1l6 31 30 0.968 OP008 27 26 0.963
QOPBO3 31 28 0.903 OPQO4 23 19 0.826
QPBO05 29 27 0.931 OPQO7 18 18 1.000
OPBO08 31 30 0.968 0PQ11 23 22 0.957
QPBI19 31 30 0.968 OPRO3 31 29 0.935
0PDO5 27 26 0.963 OPR04 29 27 0.931
oPGO4 25 24 0.960 OPR10 27 24 0.889
0OPGI11 22 20 0.909 OPR19 28 27 0.964
OPG15 28 26 0.929 OPZ09 20 17 0.850
QP0O01 31 30 0.968 0OPZ12 25 23 0.920
QP002 26 25 0.962 OPZ15 28 25 0.893

1.2.3 HIEER 55T 7 Quantity One 4.1.1% T X ¥a 5k B 45 — 15 W7 45 4T HR12 , LA 200bp Ladder 4> F
B Marker, HE TR IS HH S FR., HEREBHN Excel BHEEIE, LBBEHRNY S % PCR ¥ g H
HIAIEFIEN L, AHIAIEN 0, RATTENL Excel BB, BRAKBET £V W EHICR. BEYHTFHE
Fi#E RAPD ¥ 3% 7 46 F%
1.3 BEEST
1.3.1 ZHAELE P ¥ A DNA FEBHBF /DT 0.99 86 S AL /A& .

EHAALE P - AESBALER /B3 60 S8
1.3.2  Shannon {5 B4E% Shannon [ BIEH ™ RASETATERYM ERENEE R k.

H =~ > PlogP,
AF L HREHEIEEGP, R— KRV TP HEENRER, U HERM KR ZRE . RRARE SR

¥ Hpop MM N L HEYE Hspo Hpop/ Hsp J& 7 B PN 18 15 22 ¥ 4% T o5 W9 Lo 81 5 ( Hsp-Hpop )/ Hsp 2 b ¥ (] 42 4 5 i
Bl

1.3.3 Al Nei S5 MR BBEEHS K
SEEZHME. Hsp =1 - E(EP,-/n,)Z/n2
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FhEENER SN Hpop =1 - ZWI(Z:PZ,V/n,)/n2
KA, P HRANALET IR, n, I EBALEE, 0, B
MEEERSHM. Dy, = Hsp - Hpop
HENMMRE: Gs = Dy /Hsp

HRARD FERAMBESAIBHE (Nn)ER:

Nm = (1 - G4)/2Gq
1.3.4 AR Nei M Li AR HEHMREMAEES

RAPD J7 It ) - 9 388 % AH DL - F =2N_/(N, + N,)

RH, N, Ha y I MERBE AT TR, N N, Fa y BN BEESARAENT HF
B REREHECEITEREERS(D =1 - F),

EREBAMALE P IE Excel RETEBFITE ; KL ST S HGTE T, X718 Y 3% 5 57 MM 7 B 4 Fhy
RAPD ¥ #4556 % , #% POPGENE v1.32 Gt 8417 BsR B4 208 R — BEAR 9 15 S BBk BB e — R A B
— NI A, BB 16 BRSNS, F POPGENE v1.32 S E ST BIEZHEES K., BIBEHMEK
J& , LA NTSYSpe v2. 1 3088 547 3847 43 47 , A Ak hn A AL 4 B2 X 5 (UPGMA, Unweighted Pair-Group Method Using
an Arithmetic Average) R HES> TR EE,

1.3.5 2 FHEHH (AMOVA) FIF Arequin ver.2.000 %X ' #£4T7 AMOVA 43 #7 , v E R B P 0 B 8] 49 25
RITERM

il
L
P
- .
e G
-a
"

B 1 519 OPGOs X &R 4T B4R 5 DNA T MR
Fig.1 Amplification results of the total DNA templets of a part of plants by OPG04

2 R
2.1 RAPDV HEFHEEHE

24 151 Y7 16 B T EF A BE K 240 1 BBk DNA BAR 3L P18 1 643 1~ RAPD fi &, Hh A 1 4 41
M EEMAR 6024, B ESMEERHEIL 93.5% .. F5 /PRI F 654k DNA 9 RAPD {7 S5 18 ~ 31 4
Z[E (B 1454 OPGO4 X &84+ Btk B DNA P 1 %), F 1 26.8 M S, ARSI MY U EEHHEE
SUALEERAB(ER2). 441515 K RAPD LA A 17 ~30 4, BHE 25.1 4, EEM AL ERE
0.826 ~1.00 Z I8, HA,5]4 OPQO7 /=4 ) RAPD {ii s #f £ B Ao

BFEE RAPD 8 0L £U50H 207 ~ 291 4>, 3 253.7 4~ S A0 A5 166 ~ 250 4, F 3 212.7 4, 5

83.70% (% 3). BHFBHEELIE 1~ 1141, FH 524,04 2.08%, S FHBEMASH M SABMSEERATE
BB

2.2 AT 5 4 PR B % 2R

2.2.1 Shannon ZFHFEE £ Shannon {5 B I8 B EE L, A 24 51 Y B 1 B0 0 16 4~ 7 BE 72 B0 45 22 31
REMBRESHIERMBBESNSE(RI R, 16 M SMBD, B KT FHRBEMHB Hac02412 17
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H 5% R B (0.260) , FLYK 0 B R O AR B Hac02206 (0.256) , T P4 )| £ U7 TL3% k8% Hac02406 F1 B 75 41
B TP R B Hac02405 PIAFHBE R BRI BAR (435120 0.065 H1 0.066) , B AR T H AR BE. SREMHESR
K0 F : Hac02412 > Hac02206 > Hac02207 > Hac02407 > Hac02411 > Hac02205 > Hac02211 > Hac02204 > Hac02201
> Hac02208 > Hac02417 > Hac02416 > Hac02403 > Hac02414 > Hac02405 > Hac02406, Shannon 15 8. 75 $( 7] #1 13 3L
MBEERRU S AMBNERNMBERZER, 16 TS LXHHAVFHBRESEEN 0B, HALYRIESR
N 0.300, FEETRBHNKBEER(57.6% )8 SIMEEH 42.4%NBEERFE TR, B 784
BRI B A% S LR B 42.4% o »
2.2.2 Nei HEAZHHHEYR H N BHEBENH FHE 16 M FRMBRERZEEE R TX3.£ 4,
MZEREEOER SR LUE KB HRIE Hac02412 FIE KR A Hac02206 WA FRE N BB (R
0.166) , [FIFE R U )1 £ 17 TR Hac02406 FIBK 75 5 B — 1 i Hac02405 P10 B¥ ) 2 #£14 B AR (4 514 0.045 Fn
0.044) , B FhEER B A5 2P R/ F K : Hac02412 > Hac02206 > Hac02207 > Hac02407 > Hac02411 > Hac02205
> Hac02211 > Hac02201 > Hac02204 > Hac02208 > Hac02416 > Hac02417 > Hac02403 > Hac02414 > Hac02406 >
Hac02405 ,3X 5 4% Shannon $8§ %UHE 51 BT 1% J AB L, (E BB REIK . R IE Nei FECGTE MM TR HF AR K
B4R 0.400(3K 4), BVEFAE M T8 40.0% MR EEREETHEZE,60.0% N ERFETHEZAN,
HESAIBH v BRIEEF RN —FT %, REMHERGRESILRE 6,1HEHN Nn 5 0.756 (BFE
4), RUBMHZEAE-ERENERR, BHES K,

+3 16 MFEHFLEMB RAPD L A ik ZRY
Table 3 RAPD locus and genetic diversity for 16 wild populations of A . carmichaeli Dexb

EEMEAESK . Shannon {5 B 15 % ,
MRHE  BOAN  SSMAN Popmiono  BHAAK %f“f‘?ﬁfﬁ Shannon's divesty  NUREC
Population code Total loci Polymorphic loci polyrfnorphic Unique loci unique loci( P) index (H)

loci( P) H St. Dev He St. Dev
Hac02201 255 214 83.92 4 1.57 0.181 0.253 0.121 0.172
Hac02204 280 239 85.36 4 1.43 0.186 0.237 0.118 0.163
Hac02205 264 223 84.47 11 4.17 0.191 0.246 0.123 0.170
Hac02206 291 250 85.91 6 2.06 0.256 0.264 0.166 0.186
Hac02207 283 242 85.51 8 2.83 0.246 0.258 0.158 0.182
Hac(02208 265 224 84.53 3 1.13 0.165 0.237 0.107 0.161
Hac02211 248 207 83.47 5 2.02 0.187 0.249 0.122 0.173
Hac02403 207 166 80.19 8 3.86 0.120 0.218 0.079 0.150
Hac(02405 244 203 83.20 3 1.23 0.066 0.171 0.044 0.117
Hac02406 240 199 82.92 1 0.42 0.065 0.178 0.045 0.122
Hac(02407 223 182 81.61 5 2.24 0.232 0.249 0.148 0.173
Hac02411 239 198 82.85 9 3.1 0.222 0.252 0.143 0.174
Hac02412 256 215 83.98 3 1.17 0.260 0.254 0.166 0.178
Hac02414 257 216 84.05 3 1.17 0.115 0.210 0.075 0.143
Hac02416 225 184 81.78 5 2.22 0.123 0.231 0.084 0.158
Hac02417 238 197 82.77 2 0.84 0.127 0.219 0.084 0.149
3 4 Mean 253.7 212.7 83.71 5.2 2.08 0.173 0.238 0.111 0.170

% 4 i Shannon HRMIEM T Nei SR B ERHFHRERESL
Table 4  Genetic differentiations among 16 wild populations of A . carmichaeli Dexb estimated by Shannon's diversity index and Nei’'s index

; 7 5 1. : Bt
REAMERSEE  AmERsgn P BRSERGLE  ERHERN REBRCEHE
B ¥ . K L Proportion of genetic Genetic differentiation transfer number
Within-population Total gene diversity e . K .
Index R diversity within-population among populations of per generation
gene diversity Hpgp Hgp
H,,/H, (H, - Hp )/ H, (Ggr) N,
Shannon 01713 0.300 0.57% 0.424 —~

Nei’s 0.111 0.185 0.600 0.400 0.756
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2.2.3 AMOVA 4T AMOVA A HiEZERERM FHB ARSI NBEERRKEEMBEN(74.63%), RA
25.37% KIBIEE R RELEFMBE(FS) , HBFUARRT BB (Dy =0.2537) . AMOVA 537 BTi8 M T B &£
B [B] B 388 £ 43 4L He Shannon #5000 HS i) 3 1 8] 33 4% 434k (42.4.% ) Al Nei 2 B 43 4L R $0(40.0% ) I BE B AR
HZ B — BRI B AR RS L R BN E R

£5 TN AMOVA Sif
Table 5 Analysis of molecular variance (AMOVA)for the populations of A . carmichaeli Dexb

B RFR I B REN Bat P
Source of variation Sum of squares Variance components Percentage P-value
Fh# 8 Among populations 53.652 0.12737 25.37 <0.001
Fh 8 N Within populations 150.659 0.37477 74.63 <0.001

2.3 BEERERESF

16 MM FEHAMBRBREHUE FEARUERAK, KB 0.5224 ~ 0.8533, F B EHEMUE R
0.6245, HRHRIEEE D BIAE4L N 0.1467 ~ 0.4776 , F B A BEE 4 0.3755. R HBAKE M) XS H
FhEE Hac02403 U )I| 8 78  Fh B Hac02417, 78 5 /N 0 01146 )1 f O # 8% Hac02201 #0174 1| 5 )11 K 390
% Hac02204,

RAE RS AU UPGMA BT R BT, BB LR A 2. B 16 MFEF 7R M BB 0.65(G&
BEENOIS)MKRBAFHS I RER. F 1~ 4T REFHRGHE M, 25T BB FHE
Hac02403 . F K = FHIE 7K # B Hac02407 .19 )11 & A 4803E & # B Hac02411 F1PUJI| 73 #i K ZUFPBE Hac02416, H R
FBEAAS —ANRER., WRAEBEHLUE 0.725GRIEEE K 0.275) &b #ATHE— 132, 71 16 MBER
BONINEEH BRE—KBLEUSHE 1 ~4 BEFSN, HII0AT LA Hac02211 [Pk 78 % B — 38 o # ¥
Hac02405 110 1| ik J8 LU — FF R B¥ Hac02205 FHIFAE S F 6 F T RBEH. FIRAPLFEIANMNE.ERX
T FAMR R F B Hac02412 19 )1 J7 S K47 #h B Hac02414 F10U)I| &7 & & fFBE Hac02417, 55 9 BARGFEH
A 6 ASFREE . 10 )1| 2k VR T30 Foh #¥ Hac02406 . E PR3 )11 4 6 Ll 1B Hac02208 . FE EK 3R O J 391 % Hac02206 . 149 )1
% B P K T B Hac02207 .9 )11 )1 A 3N Fh 8% Hac02204 FIY I A6 )1 - O # B Hac02201,

3 e Hac02201
30 CRHBERIES e
358 900 P 2T S B R 1 R A B — B AR [ — 1
ARmimy R ERARETR AR ANRE. Eg:ﬁ%ﬁi
— T, B F R B R, BT AR IR 2 { Hac02417
FAEELR, SBOEY7EE RA F M3+ B R RREN ' Haco2211
R GEERE) EER AESFENNEREER 1 ool
R T LRSI RAR R B, MR = — — — = hictzdns
B4 B 40 TR BE 35 03 45 40k FETE S S (0 BB A0 DNA &R AL Coficient
RAT L, ERESHRERI Y, B—FE,—
AN BB EBE R A BRI R R M2 16THRTERL BB UPGMA R

Fig.2 UPGMA clustering for 16 wild populations of A. carmichaeli Dexb.
based on RAPD

HEFGBE, A=A EBRH™ . BEREMT
AN ER B R 2 2R AL, R A R A 18 A 1E R K F i
B IR 9L AT LA B Ak FPEE B 204k , TR 7K P B B DS 3R T RS S AR B X JR) I A 25 TR S R 0, 3 T 2 {3 e B IR AR
termmt =,

7 A B T L 3 DX A 2R B et IR 1) VB BK LBV (ML 4 N () B9 16 ISR AR B BN,
BEBESA— ESHREERBER,ENARMBEERTHERBESL. EEMEAESH(93.5%) K& F
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BEAIREEEES (0.3755) MIB LA R ED , MK 0 L BAEMBZEFERRMBES L, BES
USRS BERERERTE 2. 8% RN SEREZMEFE - ENFRERR, X -4R5FT
BSIANPEEETSMERLX RS ARAYBREENREMAFSEP LSRR -BH, KHBXFEE
MBS A FRRASL(HF WP RETEEHRRR, AR RFEELAME E/™
B ERpHHEN SRR T AR

3.2 SLMm{E R

Z AP E H#E Shannon ZREMEIER A Net RE L HHHEREGRMBERETRWILNEEREIF. AX
JUNHEVRET, 16 NS K MBNFEREENREE R, Shannon TR RP S L MBEAMBREZHFELER
57.6% ,FPBERIMMIE BRI RN 42.4%; K Nei TEEBIMHBHANSHBROBE S LHLELFR
60.0% F1 40.0% ; i AMOVA ¥ BE N (74.63% ) R K FRBREIEE TR (25.37%). 3 TMEREEY
& B SRR BE ] BRI LD, BN BB R SMhE. ERCTAN A EFHEY (NREERR
WY KEHEHERNSEMEFRSHAES N ERZA, BHAMHEAUER, ZF8D, MR E®E
BRE/NMAETHEY(MERSEHEY RSN EREEHAMNERBRL AHERETRER. 5
LEFRUBAHEHAF FERERFRMH RO EY, AN SHBERNREZRUA THEFTEDEN
EEHYZNE, FHREARIBE(Nm)0.756 LR M T HBEE{UFE - EBEMEE R . EMHEN 60% K i
SR, ARRET XS LHBENEEARRERSE —ENE  ERMBENTRRTHERESR,
13, Sk 7 U )1 76 B o 7 i 0 B A b TG B —HF A K TR 850 ~ 2150m M 1L BE 3 SR RS FFAE 9~ 10
A 8K, BB FRER; ANEEE Basd R BARE, AERTEERNEEMNERS,
PRI 5 3 0 o 1 5 30 5 BB BT A e B I R AR R KO B S 3 T R TR O, DA T B4 P AR S 6, T
BREAALERES. SHEH, BERANIETR GET S LEROIBIHERRFE TR, Bk, BEK
FREEEWFEMNRBHIRERE] EM FREREEHAEENEREXBVFEMNTIERA,

% A Nei #8405 Shannon 8 E B K BB 1 RS R — B, Al A RAPD 2t B Lk X # 3R
FHEMEHERMHEE T WA BEEE, RA Nei #5585 Shannon IR #TIHEHRTITH,BHEZHAT
AFLP .RAPD £ BH 4 THICHBE —~EWRR 5 BRRY . BER KBNS T E0H (AMOVA) & A T Fr
ARBEBEFREY AOERTEFHZANBREE, ATUESATERROEL T EEN BHEFC
BEHTREBRESHRLN, BMEE T ZMA. A&, AMOVA 247 57 18 M 7 BF A4 B4k 18] 09 8 1% 04k
(25.37% ) t. Shannon 38§ %00 H 9 BE A 18] 8 15 40 4k (42.4 % ) F1 Nei B 204k 2 50(40.0% ) MBBEERE L, %
B BE BB SCAF 7R — B 2 5, TR SE B b 1 R AT 66 2R A AMOVA 7 15 437
3.3 AESAMBENRETR

MESkB) BN S IR H %N ZHE  Shannon ZHEMTE B A Nei AL HEMIEBRE,HBRHR
@) FhEF IR 1% 2 HE P BB A B4R R — B (AR 2K 43 7 K BH , Shannon 8 B0 Nei 15 % 18] B9 HH 2 R 3 0.9804( P <
0.01)), A4 Shannon ZHEMETE BN Nei R ZHEH IR/, 78 16 MREERID 4 N4

51 HBIEZHENER, G S AP EE K E PH A B Hac02412  E JK I O 7 B Hac02206 ., P4 1| &2 B # B¢
Hac02207 . E [K = FHF B Hac02407 .09 )1| & R #F 8 Hac02411,

B2 HBIEBREMERE TS S AR EE 0T ik B 1L AP BE Hac02205 .3 46 47 L #6 B Hac02211 .10 JI| 3 1| #
B# Hac02204 . 41| 4t )1| # B Hac02201 .2 PXg )1 # B Hac02208,

BINHBIEZREEPE, B 4 DR U 5 R B Hac02416., 7911 8 7 #p B Hac02417 ., 14 1| B8 35 F
£ Hac02403 .79 1| J7 I # 8 Hac02414,

84 NHIBIE SRR, BEE 2 DR B U1 R R AP BE Hac02406 . B 76 4 B 7 B Hac02405, MiE 15 Z4E
RN EBEBA Y B8 ORI S Sk MR R — A7 AR S kB K
ESHEPEBR R AR BEER ANRE SR ARSI EALEFESERANER,


http://www.cqvip.com

£ 00O http://www.cqvip.com|

1840 £ OEF E R 26 %

3.4 BEAREKBEAHACE BEERRELESNT

BEEE—BE F 316 MDA BEHT TREMT. BELREAR, W) F 8 Hac02201 H S5
NI ) FhBE Hac02204 B2, B E 51| % B # 8 Hac02207 2, X 3 MR BEE BN E EARSE, #IEEEH
R8I , BLY 2 M8 b kR 355 e —— 00 )1 YO 9 R R R b, X URBH , KB DISRTE BB i 25 41, R SR .+
BOEBREESHENS, 5S—ENMERENEY XA  BESHESHARELREANSE RS, AB%X
B LE, A B EE R )1 77 B Hac02414 FIE K FHABE Hac02412 B —BUE R, B —2; R
o, WAL T LU AR BE Hac02211 5 PR 7 B Fh B Hac02405 BE AR E; RLBELEGRBER 4 IR F, B
HKZ A Hac02407 S, 359 48 Bt 1L X 44 0 )1 75 46 Fh B Hac02416., 19 )1] £ 2R 7 B Hac02411 #1049 )I| 85 5E
Bf Hac02403, L MNEE LF REBRBT —EWMEANEX R, MM ENER LN HRARLEE L
BAE—RESRMERE, RIHMEMNE FRENMBEEFEE—CRBEX R, — 50502 b AR FEE 2k R
RE#EE, B —FAERREARRMBERFERERTR, BEE LA TFREMENIINBEEIESGEBEILK
MEREFER, ZBXAFELMamfadhe, SLMAREEE, Ml T —RBEERBERNFE
%R,
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