ch E & RS H S AR 2T ISSN 1000-0933
oh EE SR R CN 11-2031/Q

PER B AFAT

P EREFERRL SRR AT
Acta Ecologica Sinica

FPE 60 £/ 220 e T
BERMTIR

2011

REESFEFS =
R E 22 B A SRR 5 Rl
g e BB tH i



M £ 5 %

" (SHENGTAI XUEBAO)
renmmsmnennks. 0 315 FE2H 20118 (FAT)
B X
K G L B AP B P A By TR JE BT[] A0 T weeeeeeeeeeeeeeeeeeeeeneaeeeeeieeaeaa BEE BFEE.ELELT L (297)
A2FRAIRT G =t F BB EA TS ERAT N ST RAEIEMEI KR o
.......................................................................................... # %@,ﬁ%%,i@%%,% (306)

FERREZAMRED AR RERIRJLGAT oo ET5, R R 4], %F (316)
At A AT K N LG A TR AL woevverernnnrernnneernn e BB AR M x| LA & (326)
S ok IR N A BESE T 5 CINCP A A FHAE e BEE, K B, LM% (335)
Y5 B AR T i T AR IR A A AR R et R R e e RN, IR T, K A, (344)
2T MODIS/NDVI # Bk At 3o B AR AR B &5 B 5 3R wovveeereeneenmeeeennens KE o, T4, X F, % (354)
KB F 2 FRAE R AR B N AR BETE LA R AG RGP woeeermmrnneeeeeeeeeenes WHAE, REI,E  &,% (364)
4 FRF e 4 AT PEG BEIAT 4G 2L FE oG i ceverrrrnrenrnnennnienieiniieiiiai, LEF B L HHE,% (371)
PR R T E G IRIB ARG E B eeerrreeeree et KAEM, ZM4E, 2 ,% (383)
T IR S A B B K R L E BN KA TAL woovveeveeneseieinin KB, XA, kX, % (395)
T A RBEI R KRR AEBIRIE oo )}%/fg{%’/}% X,ﬁ%?ﬁ,% (401)
o E RGBT GGV ARG B ceveerernre i %7)(%,%%%‘5,?135%}?,% (410)
&M TR E 2T AT LS AR LMY
............................................................................................. BN iR R &L % (421)
F B B AR RAG ) Bl R A B IUARIRBE e HAZ REK, KRBT, % (431)
BT o ABEFAET L FLHIIL oo E%ﬁk,é‘lfﬁﬁ'&,?ﬂﬁ%%,% (441)
C, Ao C, #i o F 3T A b s RAR S KA o — Aoy oovveeemenneeees AR O,k (449)
3SHERBEFAT2HERELREAGKERTALFR e oF RS B, & (455)
M E M R R Fo e B AR AT R S AL coevrernie e XN FIRE, TKMW, % (465)
BREBHERBTIE LR TRAEDBEZLEMBAL oo +OEVENT KWL E (474)
él%iﬁli‘ﬁ?iﬁf]%@ﬁii%z*?ﬁ ................................................................................. Aﬂ g’)_;z (483)
CO, fiB EIZHE AT ONRAIZExTEH FERFRG 0 - B, E LW, Pugliese Massimo, % (491)
B AR S PP €k R RARAAE G o e YRR, H M, ERE, % (498)
#7587 5L R K 2 R34 M0 PCR-DGGE A «ovvveeeeveeesneeeninns RILE, @A FE, % (506)
T R a R AT B e fﬁﬁg’%/ﬁ\%@’g_‘?’% (513)
TR R A Ve A AG S WG AR 2 8 AR 6 T S B TR B eeeeee e R, E3F, EMME, % (522)
AT CLUE-S MR 89 5 = BB R 75 Je b ) RALE A AG By QAT wovveevreeneene F Bz EE #,% (529
T A AT RHAL D A oo jz}fﬂi’%ﬂﬁ’ﬂﬂ%ﬁ (538)
RINTAA LIRS BAFM AL L FTI TR K R e XELL R F,FRA % (547)
g5

%\}Jué\k%iﬁﬁu{%}%m&\%ﬂlif% ............................................................ Zgﬁfé\’gﬂ‘(% (556)
H S T L G BRIE R £ B covveeeerreeeeiiireeeiiie et B ERAE WA R (565)
i AR 3k 38 R T BRAC R AR BB AT SLHE e eeeeeee e A B R (575)
P FRAL A AT GLEE B wvverrneree e BN R, E, % (583)

HAFIEARSHCN 11-2031/Q = 1981 * m * 16 * 296 * zh = P * ¥70.00 * 1510 * 33 *2011-01



A 75 22 R 2011,31(2) :0441—0448
Acta Ecologica Sinica

XE}aMBREEERSF&ME

ERK ABRAVURG , FH A EFA, 0B Rah Mk, Fidi

(P EKRZE R BEBR TR =855 0r, )M 510380)

FEEE SE TR A BRI VL VL VL SRVL X JUIR VLA MV 8 AR 23 A SR AR AL 121 BB SR R i miDNA 451
X 3" A 3 3 41 3 400bp , AF 58 HFP R A5 A8 SRR S HBRAS R M 90 A 13 AN AR S, AT 11 S T3t 7
S R AR 2N 0. 576 TR ZHEME N 0.00818 , BAXAIR , BRI B 7EFEVR N2 AR50 A A T B 2 H1 AN
H2, 43505 B RE R 1 19% F162% , Fie/NEAL 2% (&1 il R S5 RN B B8 R 2 3G ) | 2 BRI, HL R H2 AL Ty
AMOVA F3 57l 7 728 57 S ke 1 by 2K P[] i 40 R e M ded s SR S 00 F R & R RE D 5k, 25 5R RIS 31
TRt 1 ZREPEARAIR ELAAAE M 22 55 5 25 T IR SRR A A3 A M SRy | A TRE A v BB A TR VLI 30 2 G A 5 00 i s a0
25 7 7™ AN

FKHEIF : RS-, miDNA 455 X FhiEIs e A8 5 SR B

Population genetic variations and phylogeography of Macropodus opercularis
WANG Peixin, BAI Junjie, HU Yinchang, MU Xidong, WANG Xuejie, LI Xiaohui, SONG Hongmei, YANG

Yexin, LUO Jianren "
Pearl River Fisheries Research Institute ,Chinese Academy of Fishery Sciences , Guangzhou 510380, China

Abstract; For their restricted distribution and strongly associate to evolutionary history and geological events, the freshwater
fishe were usually used in biogeography studies. Macropodus opercularis ( Perciformes, Belontiidae), a popular small
freshwater ornamental fish, was originated in China from Yangtze basin to South China region including Hainan Island and
Taiwan Island, and also could be founded in North Viet Nam. M. opercularis is an air breather, the male will build bubble
nest and collect the fertilized eggs to the nest in breeding season, and is a special species on phylogeographic study. The
population of M. opercularis had reduced rapidly in recent years due to environment depravation and improper exploitation.
In this study, the population genetic variations and phylogeographical pattern of 123 M. opercularis from 23 sample sites
including Pearl River, Jianjiang River, Moyangjiang River, Ganjiang River, Hanjiang River, Huangganghe River,
Jiulongjiang River and Minjiang River, totally 8 river basins were investigated based on 400 bp nucleotide sequences of
mtDNA partial control region and 3’ end sequences nearby. The sequence analysis results showed that only 13 variable sites
on the sequences (3.25% ), include 3 haplotype pattern variable sites and 10 parsimony informative sites, no site with
alignment gaps or missing data was found. The samples fall into 11 haplotypes, with only 0.576 haplotype diversity and
0. 00818 nucleotide diversity. The Pearl River basin populations had unique haplotypes, populations from Guangzhou-
tianhe, Panyu, Wuzhou and Daxin had one haplotype respectively, and populations from Luocheng, Huizhou had two
haplotypes respectively. Haplotype H1 and H2 distributed most widely, H1 distributed on 23 samples (19% ) from the
Pearl River, Jianjiang River, Moyangjiang River and Hanjiang River, and H2 distributed on 75 samples (62% ) of all
drainage systems except for Jianjiang River. Haplotype H3 was shared by populations of Jianjiang River, Moyangjiang River

and Ganjiang River. The haplotypes minimum spanning network for M. opercularis didn’t showed clades corresponding to
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sample sites and showed star-like radiation. H1 and H2 were in the highest flight, and they were connected with 6
mutations via H3. Unique haplotypes of Xijiang River middle and upper reaches surrounded H1, unique haplotypes of
Dongjiang River and Pearl River delta surrounded H2. Analysis of molecular variance (AMOVA) revealed that most of the
genelic variation resides among populations within a geographic region (54.08% ), which indicate that isolation among
drainage systems is the key factor producing genetic diversity among populations of M. opercularis. Mismatch distribution
and neutrality tests indicated that M. opercularis in this research hadn’t experienced population expansion. Individuals of
different river basins distributed motleyly, suggest that all populations revealing lineage sorting and high gene flow between
populations. The network revealed that M. opercularis might had 2 origins in Pearl River basin, one was Xijiang River
middle and upper reaches, the other was Dongjiang River and Pearl River delta. Some fish samples from different river
basins share the same haplotypes, indicating that some of the drainage systems had physical connection before they became
geographically separated. Although M. opercularis could expand widely in a short period of time, the population had

suffered serious bottleneck effect recently, and should be paid more attention to protect.

Key Words: Macropodus opercularis ; mtDNA control region; population genetic variations; phylogeography

L HBE 2 (Phylogeography ) , PR RS ML~ | JRAH 52 AT %5 U1 35 4 0C R AP ] FRh P 52 R B0 Hb 38 20 A
1 J5 BT 1t AR FIE AL AT D4 28R L IR K 0 2R KA AR Mg, 78 MBS A B K 2R A A 3
AT BN GRS A b BT Sy AR DRI Ak B o A A 4 B — A b X A
WA Y2 R At T HJE K R KRR B AMELS A R BT IR MR K fa A
A b2 B sh s B X | DR R L SR G | T LS B AT T i b IX K 2R et 2 B g A g o 5 v
e,

M3} #4.( Macropodus opercularis ) 52 HA AR S WL F AN A /NRIRI IR K (SRR T 7 H Perciformes , 28
fifilV. H Anabantoidei , 2} fiF} Belontiidae , 3J- f 3V &} Macropodinae , |1 J& Macropodus , J5 7= T 3% E AL 5516 56 5 M
BB IR LR L DR g 2 B T SR S ] R A K, L2 RS B L £ T SR S P AL
FEAZS 5 H ARG E A T (g Ho bt 20 AR g Rk L AR, R T AR IR B AR Y
K, SRS RGN, 6 5 B I R AR sh Y, T T HIOCISE . Wang 658 T B IS FhEE ]
FEZ KRR, Treng %5 DG T G4 7=HURIKBE 3 AN FE A 25 2 B, Xof K o b IX RS [ 7K 3 U8 ) #aa e
XA T 1) S5 2% M BRI 54T A DLARGE |

RGP R AL B9 2 ki /R DNA (mtDNA ) & 1 2570 126 R M B 2 R 58 0 i e vk 42, R 41 2%
mtDNA 24855007 2 AL M B 4370 1 (9 BH SR R AiE w3 AN [ i SRR B 1) 3R 8k & 17 100 B FE 55 Tl 38 93 A 1) G
A" X (D-loop [X) fE 4 mtDNA i Ak i B Fe ey X3, )92 T 2R B4 5, A SCE i o i 4
B HLIX DABRYT N F A9 8 AN SR -1 miDNA #5H] X 3755043 5 MG T RNA JEK 51, i 55 AR TRl BRI Y
AL S AR 2 RE v SRR R R G B A AR SRR R B A DA SR - £ R A
FIHERMEAE S
1 M#EEFE
1.1 SCER}

SIS 3RSk 1 v R K o B X R rh R XA BR VT DRI I X A 23 S SRRE A A 121 BAS
T CRAEH i REAC NS UL 1, R S TG A R AV LM 5
1.2 JEPZH DNA BY$EHC PCR 9738 K7 91000

MR % TIANGEN BLO A RUEE R 2] DNA $2BURGR &/ A n )7 i SR U [ 24 DNA 1% 1 3 AE B Bk i
FLPKAG I DNA i, Zokifk DNA 241 1X PCR 3592 % Wang %' | JF 54 Pro-F1.:5'-AACTTCCATC-
CTCAACTCCCAAAGC-3",Pre-R2:5'-GGGCATTCTCACG GGGATGCG -3", 43 SIA: T4 il IX 19 3t 14 tRINA™ 35k A
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F116SIRNA A |, i FIF SRR A YH AR AR A F G, PCR R EARF R S0l )RR & 0 - #Al DNA
(40—100ng/wL) 1.0pL, 10 x PCR Buffer(Hf Mg** )2. 5pL,dNTPs(2. 5mmol/L)0. 4L, Taq i (5U/wL)0. 3L,
5191 (20 pmol/wL) 45 0. 5L, K AZE KK E 25l S FE T :94°C FilAEPE 4min, 94°C 28 % 1min, 65°C iR
K 1min,72°C #EfH 1min,35 MEFF G ,72°C ZE4H 10min J7 4°CHETFE . PCR P28 1. 0% B SR o TG IR
LR - UV 7 Sl (5 X /NS EL LR S M

®1 XEJaHRREM RE EXENRS

Table 1 Sampling localities, basin, sample sizes and codes of the Macropodus opercularis samples

SRAEHL Tk A G R SR, bk 2 %Ny 5
Sample location  Basin Sample size  Code Sample location  Basin Sample size  Code
TTRIMIA  BRIT(=f) 4 GZFC1—GZFCA  J7ARJTMNKI  BRIT(=FAM) 6 GZTH1—GZTH6
JTRFES BRIT(=fAU) 5 PY1—PY5 RN BRVL (I 5 CH1—CHS5
JTRILT] ERIT.(PHIT) 3 IM1—]M4 TR AL BRIT.(JLIT) 4 YSI—YS4
SRR BRIT.(A6IT) 4 YD1—YD4 IR BRIT.(46IT) 6 SG1—SG6
TR BRIL(ZRIL) 5 SZ1—S75 JTAREM BRIT.(ZRIT) 7 HZ1—HZ7
JTPEREN ERIT.(PHIT) 6 WZ1—WZ6 STV T ERIT.(PHIT) 6 NN1—NN6
PN ERIT.(PHIT) 3 DX1—DX3 IGER BRYL(PYIL) 5 LC1—LC5
T AR ST 7 G21—GZ7 JZRBHYL AT 8 YJ1—YJ8
TLPE % RAT. (85T 7 JA1—JA7 JTARHAR BEYL 4 WH1—WH4
RIS BRI 5 ST1—ST6 IR e [X] 3] 4 RP1—RP6
HRHEE] JURIL 6 XM1—XM6 A AR N i T 5 FZ1—FZ76
i A ) 45 ] Y1 6 MH1—MH6

1.3 Hdakbai

F Clustal X 1. 81"V Bt H AR FFSISEATHE R LU X, Br A28 2 BRI b A7 N T AR it R G 4
OITEIAERE . FH Megad. 017 BROFGETTHF S BB SE AL AN 22 53 L B B BOR s AL B s, FHAR L (ND) M R 48
VALY, FIFH DNASP4. 101 8423 Br 2 2540 5 DNA 2750 FI P S /0 i 43 B AP i s .l ARLEQUIN
3. L1 R AR N S R ] B R R ST BR R, UEAT 43 T A8 5 (AMOVA) 43 Al Tajima's D
B, FH TCS 1. 21 PO RPN, RSB S R L, b 45 e Z i) A E AL 56 3R, IR DA BRI P R A T RS D sl
DA 3E B B TR ] () SR 2% 0 R S AR DT s
2 H#R
2.1 eSS

BT HEEE A SR S48 121 ANFE S ALEG 322bp $253] X 37 3 AT T RNA 2[RI 3 400bp 551 v, 45 Hi BEAE (A Y
AL AR, T .C A 1 G B SR 0908 27.3% 22.7% 35.8% F114.2% , o A + T & 5(63.1% ) W
BRETC+G HFE(36.9% ), JFH A 13 DAL A (12 DAL ASEidk ), b7 BT 53 B 06 3% 5 51 1Y)
3.25% AR IIEAGRL . HAT 11 A4S R B BE T 50 8 B TR 2 R R T R 22 MK 9 3R (3%
2), 405129 0.576 F10.00818 , AN HLAG R Z2FE M LA M ORI SR e (B 0.733) iR 2 Rt DL
ERER R (0.00875) o ERYLIIR ™ MIF5 A AL YL BH L DA 26 R HT , sk vt skl =k , %5 X
TR, TR VLI B 1) R ) VT Sl M 55 ) 455 13 A R R 2 LR S o7 o5, A AR AAC R Ak P A8 S A
HA 181,

PALE TR [ M PR3 A UL 2, AR B TR 2 R KA (0—0. 733) | BRVL IR AR A7 7 5 HAb
PRILTE R A BRI B RN S A 1 A, 43 e GZTH \PY \WZ Fl DX, 27 $5URT E M
BA 2 A, LG LC2 HZ1 F1 HZ2, BAAEH H1 R H2 23 A f)  H1 20 A TRRIT VT S BH VT RE v
TR 23 RS H2 3 A TASIESE TR RS TT AN B s, 25 75 AR, BAE A H3 VT R PRV T
TR T AL WX 4 R 6 #ER 30 ANEE S BRERVL I AR 1 RS HL SMAARE S o H2
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x2 XENEEBELERMFTZHMER Tajima’s D JliXER
Table 2 Haplotypes, diversity and Tajima’s D statistics of Macropodus opercularis populations

B S i B LRIV 220 R IR Z R

L HAEAI(n ™) Tajima’s D K5 Tajima’s D 1) P {H

s gV e e i o
GZFC H1(4) 0 0.000 0. 000 0.000 1.000
GZTH H1(1) H2(3) GZTH(2) 8 0.733 0.00717 -1.07180 0.185

PY H2(4) PY(1) 1 0.400 0.00100 -0.81650 0.289
CH H2(5) 0 0. 000 0. 000 0. 000 1.000
M H2(3) 0 0.000 0.000 0.000 1.000
YS H1(4) 0 0.000 0.000 0.000 1.000
YD H2(4) 0 0. 000 0. 000 0. 000 1.000
SG H2(6) 0 0. 000 0. 000 0. 000 1.000
SZ H2(5) 0 0. 000 0. 000 0. 000 1.000
HZ H2(5) HZ1(1) HZ2(1) 2 0.524 0.00143 -1.23716 0.110
A\ H1(2) H2(1) WZ(3) 8 0.733 0.00733 -0.95963 0.192
NN HI(3) H2(3) 7 0. 600 0.01050 2.15336 0.998
DX DX(3) 0 0. 000 0. 000 0. 000 1.000
LC H1(3) LCI(1) LC2(1) 2 0.700 0. 00200 -0.97256 0.213
GZ H1(4) H3(3) 1 0.571 0.00143 1.34164 0.965
YJ HI(1) H2(1) H3(6) 7 0.464 0.00438 —-1.67405 0.020
JA H2(6) H3(1) 6 0.286 0. 00429 -1.52412 0.042
WH HI(1) H2(3) 7 0.500 0. 00875 -0.81734 0.143
ST H2(5) 0 0. 000 0. 000 0. 000 1.000
RP H2(4) 0 0. 000 0. 000 0.000 1.000
XM H2(6) 0 0. 000 0. 000 0. 000 1.000
K7 H2(5) 0 0. 000 0. 000 0.000 1.000
MH H2(6) 0 0. 000 0. 000 0.000 1.000

13 0.576 0.00818 —-0.24253 0.702
* RN BT AL AR AR

11 A~ PAAE Y (B o A% B0 2 R It 22 5 WL 3 30 B AN [a] i AL BB B 7E 0. 0025 £ 0. 023 Z (1], F 4454 # 2
470.0128, BEFEZETAE 139 A2 E], 4R 5 4,
%3 YRS ESEREREESR(T=f)IRELES(L=/)

Table 3 Genetic distance (below diagonal) and divergence ( above diagonal) among haplotypes of Macropodus opercularis

wz LC1 H1 DX LC2 H3 GZTH PY HZ2 H2 HZ1

Wz 2 1 3 2 2 9 9 9 8 7
LC1 0.0050 1 3 2 2 9 9 9 8 7
H1 0.0025 0.0025 2 1 1 8 8 8 7 6
DX 0.0075 0.0075 0.0050 1 1 8 8 8 7 8
LC2 0.0050 0.0050 0.0025 0.0025 2 9 9 9 8 7
H3 0.0050 0.0050 0.0025 0.0025 0.0050 7 7 7 6 7
GZTH 0.0230 0.0230 0.0204 0.0203 0.0229 0.0178 2 2 1 2
PY 0.0230 0.0230 0.0204 0.0204 0.0230 0.0178 0.0050 2 1 2
HZ2 0.0230 0.0230 0.0204 0.0204 0.0230 0.0178 0.0050 0.0050 1 2
H2 0.0204 0.0204 0.0178 0.0178 0.0204 0.0152 0.0025 0.0025 0.0025 1
HZ1 0.0178 0.0178 0.0152 0.0204 0.0178 0.0178 0.0050 0.0050 0.0050 0.0025
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2.2 PR RGNS MR

FH Megad. O 3K 444 £ 19 SR 3} 1 123 RSP 2
(NDAZRZGEMWME 1 s, BT SR A %
R, RG-S R AL S AT P BRSNS T I
R NI Ny X A W5 [ < R N NI P S TP
EUERGH AN AL YT RN ER VT = A PR A AR 8 A
TR 25—

BT R /N A IR 45 S 7R B TR I T A A R B M
TE RS H 5332 (clade ) , 117 52 B0 — A4l S 70 2R 1)
R (E 2) . BAER HL M H2 |5 S kT
ARy e HALAE RIS e AT, H it H3 DL 6 &
AR (K22 6 ANk ) 5 H2 &2, B H3 AN & BBy
LIS T SR AEF LN S £ i U S N i PG S ot 2
MR HAE R WZ LC1 \LC2 1 DX &b H1 JAl [, ZR VA0
PRVT =N Ry A B R HZ1 (HZ2 .GZTH 1 PY kbF
H2 JA [, Bk DX AMERLL — 25 98748 55 v s BALAR AR K

PRI Gt [ 2, KT I B B Ol 2 2
BARERY /NG SRR A A B0 E A TR P B
RUR ¥ R AL, s AL ) ) A — i AR — AR
W,

2.3 R (AMOVA)

R 1 R 7K fo i B X R R A 5 XS] £
FEAR ST P MR X ST RV ST BT R — A
H P DX B VT B X U YR R YTk 55— L B IX
AMOVA ZMAT IR, S ist A% A8 S rpr | b 30 DX (] 9 28 S
20.85% , MU IX AN [RIBEAA (] 19 28 57 5 54. 08% , BE{A
WHAE S 25.07% (F£4), 7 TS ek A
BRI P FEAAR(E]

2.4 FPEEDT S ST

I FHIEZ 543 A5 1 Tajima’s D H ARG 00 38 S 2 =)
IR R DIFREY o, AT AR s ORI ETA
R ARSI Ty | I8 A A1 At o 2 A B WU (181 3) [ HETh
PERZI o Tajima’s D &y 54 {E {H A 12 2 ( Tajima’s D =
-0.24253,P =0.702) , Wn WEEARF R, LB}l fa
FERG IR 5K . DABRTL IR R, ARV JbvE
TR = A PNRRRE LA K P8 YT RR R Bl 2 A, o 5 o At
AR AU | Tajima’s D KT 0, KL AEFPHY 5K,

3 itig
3.1 LR

N T2 A T ARG ML X, AR 5 R SR A
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*4 XEI&EMEBXEMEEEND FERIH (AMOVA)

Table 4 AMOVA analysis for Macropodus opercularis among regions and populations

R S R 8 H B I 78 5 2H ST
Source of variation df Sum of squares Variance components Percentage of variation
HuFRIX [B] Among regions 1 24.125 0.40195 Va(P =0.05) 20. 85
o IX AR E] Among populations within regions 21 124.959 1.04241 Vh(P =0) 54.08
BEMA N Within populations 98 47.346 0.48313 Ve(P=0) 25.07
A1l Total 120 190. 430 1.92749

04 R — Exp

---e-- Obs

=
e
T

Hi# Frequency
=]
L3 ]

H1

@z

i;—o—o— H2

H3 ‘““hj \_“+ B
@ ‘Iﬁﬁ‘ﬁfi)’ 5 Pairwise differences

=]

B2 XES&RFRRNMNEEMEXR B3 UEasHmhillXES Ay KER
Fig. 2 Haplotypes minimum spanning network for Macropodus Fig. 3 Mismatch-distribution to test the expansion of Macropodus
opercularis opercularis

SRR BUSIEL 401 | BE AR HA T G 5 A
FEEIE FA 11 SRS AL, B R 2R b AR 2R o AR (A =0. 576,77 =0. 00818 ) , A% AU [A] 35 1%
FEESAE 0.005 2] 0.023 Z [ (FH4°4 0.0128) L2 FAE 1 129 N2 PR 5 4Y) , RIS SF st ts

ZAEMEARE, X5 Treng 2517 BZ5 R —20, MATHFIE SUR S 8 meDNA 2 3] X A4 (RNA™ L, @R byt
PEPEFNEHIL bR — B S5PETErh RS APRE 3 A BA AL  B 25 R A 12—14 N (1.3% —
1.5% ), FEHIREY Cye b 2 F 5143073 B SR - A0 A6 YT A VT RRRERE i 18] 55 KB AE HE 85 4% 0. 0061, 22 5
BIE 7 A, 5228, Wang %52 5 8 R = s il IX AT 7 2% W AR 0T 2000km (4 37 VTR 75 BRI i b 2 a5k £
FREIRE) 0,01, A 30CE T TR N RFAGEL 2R AR F 2, P 2o o5 B i LR, ek
SHGE AR LRI AR R AR T K o RS B K A N R, SRR
S 75 5 2% B R FEVS 5845 S A N NG sl B M, (5 A 8 M AR B 2 Rt 2k | A A SR
D S E BB RN SR A SR R e O T BB AL R

PP Z R AR B 22 5 VUYL L ARV RV =AU BV ST R TR R AL 2
FEPER R, GV ERVE B XITT U TE A VAP ARG, AEIRK 028 Pt % 2 M7 A Hh 3 22
S — B GR C ER B, F5 3k 1) i R P R 22 B SO0 4T 5, J5 32 BRI ST & RN 2 ] | S-S0
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