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Abstract; Environmental pollution has become one of the significant driving factors behind the evolution of di-
verse organisms. With the advance in molecular biology and the theory of evolutionary biology, a new interdiscipli-
ne called evolutionary toxicology is growing. Based on the theory of evolutionary biology and conservation genet-
ics, evolutionary toxicology aims to investigate how the polluted environment affects organisms and how the organ-
isms adapt to the polluted environment. Research in evolutionary toxicology uses experimental design familiar to
the ecotoxicologist with matched reference and contaminated sites and selection of sentinel species. Here, we re-
viewed the theorical development of evolutionary toxicology and summarized the scope and field of evolutionary
toxicology research. Additionally, the prospects of evolutionary toxicology are presented, which include the applica-

tion of evolutionary toxicology in ecological risk assessment, the research of evolutionary toxicology under the
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omics era, and evo-evolutionary dynamics in toxicology. It is anticipated that the review and introduction of this e-

merging interdisciplinary subject could provide theoretical support and insights into the study of ecotoxicology and

management of serious environmental problems.

Keywords: evolutionary toxicology; phenotypic plasticity; environmental contamination; population genetics

Rt Tl SRR R R | R8ET Gen) 8 H 25 ™ 0%
NZEE Bl E DA a] BHL$4 1Y #4on  4x Bk 4 58 A8
R Rl AR AR AR P R B 8 R AR AR Ak
Yo R AL, 307 T i B, TS R
DNA RAFZ PN, B F ML 5, Fi 53T
AR ) AR R R 22 1) IR 41 6 B R B T e 20
FE 0 as 44 240 5 AE B R sl Al 2 15 e ™) Sl
AR BTAT LGE i 2 oy 206 A YR A n AR
W], {4 441 9 500 (somatic effect) A1t 14 %4 v (heritable
effect), HIFBTE % 5% T15 Y A5 b 3 200 (4 41 i
RAF X B GAR S AR A 8% B h R IR B E8
25 X T e A I A R ) o 3 Y AT 3 A% (I
JRAMER R A AR AR R RSB E R
IR ) A aE AL S AR TR T
HLE 8 R V5 Y 2 IR Bl A 43 o 2 A 1) E
HWERZ—, EER, TG4 T e
AR A ] 25 Ak B AF 98 28 1)V AS W e 3,
KA AR AT YL RN I s VA A B TS e SR T Y
A= AR Ak 137 R 2k B A1 55 S 56 S Y TR 5K
AL EE I AP — B AL AN AR S F
ST A AT T, HHEE 5 A ST Y wE A W gk
w5k,

Fifi o S A8 A0 RN R 5 Y [l A H 45 n
TAEW 2R OR RS & J | Ak AR ) 2 3808 R W
BB, iE b 2R 0 — 28 AR B Ok A7 B e,
O AR SO T A DG E A6 75 B 27 AH DG B 92 1 B 12
K VAN S T A 7 B AR 0 A 5T Y A 32 A
FENAS, FFXT K87 24 38 2R BE o 4 T LA
B BTN FEE A ST AR IR ENS SR R
SRR H 2 IR ) B 1 G ] B BT A A 5 L B

HiEte,

1 HUFEZHENXNIEIR L R (Definition and
theoretical development of evolutionary toxicology )

gl e ETAEE Y/ PO NS AN Lk SN et
TESEMA R — 12BN e F 9838 A T4
Yy RS AL 22 B 7 i, LA A W 2 RO st
27 BB R & Ry Bl 3K PR 4 38 2 1 K e 3
TS G PREE R TT A W AT 7 P A5 1 A AL i A e

D) 2 S e A= A 2 A o AR 1 R S e ) O Ak
IR A R 1

20 tHh2g 50 4E4% 2 DR YA E 2 M2 1] 1
HRIE . KW (Musca domestica)%t A HLEZE A B T4
P (dichlorodiphenyltrichloroethane, DDT)F¥ it 241!
FIHE R % (Biston betularia) i) Tl BALBE 41 B &
IR B XT 77 2007 A i 247 I E B 3 — T 24 1
JE AT IR, DA SR RO Ay B 4 Wi AU T Tl i
T A ) AR B MER 2 e, R AR TR B R R 2
JT R TR R Ao AR BT 2 A B R s 22 1k AN
AERSIER . 20 22 60 AR, Tk BAbFF R AT,
G BT R OG0 1 43 R V5 e X 5 A W 2R e i a1k
S R L7 A i A2 ] 8L, (E > B TG vk ff o 4
Ja it 52 P S T AR 3R N A S 5 A A N IR B
P E Y B XIS YRR A B
BEILAE AT R L, B FE Y B RE AR A PR B R R 3K
AP iy NS0 B i R PR VS Y b
— PRt i A B H SRR A AR T K (micro-
evolution)®™ , fEfb 248 A W R sl ) &2 B
JE sl ;= AR T — W A2 1, AR TR BT AL
il A& AR T st AL s S 1A A8 R L R R SRR A S50
I R LR il BR 58 e 7, R AR B 38 %) AN ) 52 e s 2 A
P B se s, WA TR 7As 5 240,
HBEIREE 038 fin , i Se 4 A1) T2 £ 5 BAT i 2
PRI AR S 2 A R 3G ™

T o < BN AR Sy g % Y G B A RN
FIFZ  SSTEAAT R B EA Ty b R AR s, X
SO AR AT AEAN [A] ARG 8] % 388, 3 5 2 A 0 AR AR 1Y
— I, Bickham Fl Smolen"* i i K Xt Z 3455
JE X IS 1) 2 5 S B AT, R A U] % R AT 5 | Ak e
HEES AR BRI AR S R ) T AL R B A X —
WA, Bickham 5 YL uik sl i it AL 45 SR 19 4488
WL VSO A AE AR DG A5 b S 07 Bk R B A
AU AR 807 B P i 28 Fl DNA €78
RIREE 4T,

B, Rk 2 1 53T 55 8 20 BB T AR R
XSG B B A2 MR B 43 HLEL . BN, G XS
DDT W21 & FAE Cyp6gl FEH YIS sh T
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AT =R B JRL , 12 3 R o 33k ] g fili 2k
Yk beE A DDT™ A=A i 324 . iFA 21 it
20 FRBIJEAE 10 45, 414 H RIS 2 VR & e | b
AT N AN &, 15 e i 5 A A3k
Y (R e AR S HPEAE ML AN Wi 48 7 | JE 75 554
R AR I 21 55 22 21 25 o AT e st AL E A
FHA T —ABIEHRE 1),

2 #H3EEBE 5 WA (Scope and content)
YY) — M AR, K HEEMT
DNA, U AE Y& DNA (19 58 8 M F 7 R R 8e A R
SEUA %) P45 75 YL ), B B Ok Bk X B2 ) (genotoxica-
nts); 73— R NEANEH: 5 DNA fHEAEH, #FHh
AR FE K 75 9 (non-genotoxicants) , M55 Ye ) — ik 2

AR BN S m st A AL IF UK sl R R 2 K-
(s 1 ZREVERY AR . PEALTE B O TS 24 A5
PATR A2 - 28 AT T e AT /K-, 28 A= W)
RN e & i S AR R Ay
PRAGYI R RE I, R 8L R0V 5 454 . Bickham®™ (1]
Jo T BRI TR BEE AR IS N AR AR T AT B Y
DU RAZ Lo 2 (181 1) B PR 21 KO- 33 4% 20 R 1 1
AR 5 RTINS 55 A A7 A O A 4507 22k Al 3 P 7Y
AR RO 9O 3B DA O ) kA AR 2 ) i
TEIR] B AL L5 ; SR RGN, S B i DY Bt [A 1Y
WA AL, AR SO AR R A R AR AT 5 STk
BHIEATREE, HATHE T A 1 B N AL
TSR RYTE 32 L5 A0 G FE I IR AT 5T, ¥5 YL 35
HRORIAE AP 1958 1 2 S s A% 2R IO T

x1 HUBSEFMANEBRLRIE

Table 1 Development of evolutionary toxicology

RIEH B I} [i] FHEMFT A FITITR SR 27 3k
Period Time Content and materials References
o PIHERROE T BREE 14 38 IE7 Ak (f5 n e RO Y Tl R ISR
20 H# 50 AL _ _ . . . ! .
1950 Adaptation of a population to the change of its environment (e.g., industrial melanism  Kettlewell, 19551¢)
s
of the peppered moth)
R RT VPR EU B D RS RS R
B SURIHS A S5 O TS 52 P P S8R ok R, L R Rl A P T 32 44 22 3 A2
Early research 0 e R EIE B R
Klerks and
60 AR The resistance of a wide variety of aquatic populations (bacteria, fungi, algae, mol- Weis. 108707
eis,
Late 1960s luscs, crustaceans, annelids, insects and vertebrates) to the toxic effects of heavy met-
al pollution has been well studied; however, it was not possible to determine if the
resistance was due to physiological acclimation or genetic adaptation
Bt 5 43 F A= )2 Rtk Ak A= ) 2 BRAE 1) PR & J% |, Bickham Al Smolen B 42
20 4 90 A0 “HHbIRHE R BOAE S Bickham and
G B HE AR 1990s It was only after the development of molecular and evolutionary methodologies that Smolen, 1994014
Establishment the term “evolutionary toxicology” first came into use by Bickham and Smolen
of the theory , HEALHE BEAARIT ST UK AT B S50 AR 52 0 1 Sy — b R e ) "
21 4% i ) . ) Meyer, 200221;
Studies of evolutionary toxicology began to focus on the outcomes of toxicants as a
2000s Noyes et al., 2009

selective pressure in contaminated environments

21 2297 2000s

Rapid development
2010 4EES

From 2010s to

of the theory

the present

X B AR R N T8 2 YR B BR A 15 RO Y
Since then, this interdisciplinary approach has been used to study the effects of envi-

ronmental contamination on a variety of organisms

Y2 A B K0 22 AR 8 75 e W) A H00E , 7 13 B 2 R 7R ol o S S A
FH T2 08 T A A0 BRI 7 A 1) 365 107 P B 58 A R R 5 75 e A ) 1A
R AN Z

With the advent of omics world and the reports of a variety of emerging contami-
nants, evolutionary toxicology has been widely used in the study of adaptive evolu-
tion to the environmental changes and in the comprehensive evaluation of the impact

of environmental pollution on organisms

Sarret et al., 19982%;
Bickham et al., 20002%

Oziolor et al., 2017
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HEAL R Y RO A
The four cornerstones of evolutionary toxicology

FRIE N

Non-genotoxicants

|

A 4

Exposure

_— ,,

S HH Y
Genotoxicants

\

WA SRR 5

Reduced reproductive success

~

DNAWY HH A
Direct alteration of DNA

[

A4

A 4

4 N

A AFARCH)
AL L

Selection at

N

FEIH R
AL
Alteration of gene
flow and dispersal

/

survivorship loci

L Z RIS R
Genome-wide Increased
changes in mutation rates

O )

R ZH K1Y

—

patterns genetic diversity
1 #SEEMRMHNRZOHED

Fig. 1 The four cornerstones of evolutionary toxicology®’

ARG H AT BT, DL R R B T e R
2 T HIE SR BRI PR BRI R TR LA BN
BIRITI 4,
2.1 5B 52 1k R N Rk

TEANRGSC DDT B 25 125 451, 552 507 Pl
OrBORk S AR IR T X 4 Jm R A 4 A A
FEU BRI RR A AU TE B A W IR ) S AR AL B
XH{G G A 2 AR A B IR B4 AL
BEE 7> T LEW i K, N1 AL R I Be B [N
FRIAE | BE RS0 A= W A 1o BRI A9 7284 | AT 7 A X
AFIBREERIHRGT ST a0, B A 5 O Ak T R Y
T AT SRR 52 58 A2 4 3 100 2 M ) i oA
FI o5 55 S ERBE (0 77 E RIS 541K DNA 5145
WRA SRR, X BRI LA AL
FIRT LA A A R A T A0S BRI ¥ e B T A2 4 LT
A2 R TR (4 D REAE AN [RI AR A ) P A B TR AN
WHE 3k O EALRE B2 E 5T PO A RE W A T 52 1
A RAR L T RS

5 A TR IR SZ AR SN 7R LR LR S 4 4)
THBONTRARIBEIE, B, A% ORI 2 1 52 50 ik
ST HL I PR A 3 A A SR S SRR Y

A B . Poynton S5 X —Fif o fi AR
SIS NTF (Hyalella azteca)i#t 4TIy | 2H 2% FE B, il
T 2% HUR R A 35 7835 e ) R R S AR E T
W K fEE IO B P S I 1) 32 R R R
o AN, ALY S 00 & B0 HUA 16 A 2 TR R
HOFEREE | TR 25 4 7= A B S8 A0 7 s I A RE FR 4k
HEEEIE R BT A B2 78 2B XU (Papilio
polyxenes)FIFEH | A BLAN A €4 2 P450 & PR K %
AP35 5 2% HUR) P ik iR 7 T 2R (furancoumarin ) fif
ZERE YIRS TR A L 1 TE e
HEE, SRmENE-NIBREAENKIEARK
B, BRI ARG MR R R ), ik 4 5 4
J& 45 G D Bz i 25 0 i) 80728 v e A= A it Ak s X
G @ RS2V 4 TR B AR 1 R R P DB AR S S
GIEm sz He S AP, Filhn, | R A2 B iR
& BB P DR Sl oK EE I 5 E 4R
BEPE YT 32 BE 7 AH P s Maron 4585 i LRI 15 4745
PR A1 1) 6 DR DU 388 Ay B 1 R B 0 B
TN 52 R 77 s $L R I 30 A 4% 4 R 18 B 1 s
DU 728 SRl AN [R) B E 4 S V5 e A B i
Jei | AT AT Sz TR U e = 2 D R H A G
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YIS i8 55 , LR A0 3 e 1) B 22 5575 Y Wit =2
PEAH O B 2 RO 45 HIL D B 5T b ok, B Wirgin
PO 7 §8 T £ # 8K 7K (polychlorinated biphenyls,
PCBs) " i) K 78 1 /)M (Microgadus tomcod) ) 55 &
J£3%Z 1 (aryl hydrocarbon receptor, AHR)F:H |k i
— R X — B A AR AR A UL B X B
M 2L A= PCBs i 32 M S5 A, X — B 58t
f 7 215 YR BB AE 7 A PRE A Y B IR
2.2 WALARFRLRAL 2R A AR

W Z R R R E Y RO Z —
Wy 22 FEPE ORI 0 OB L2 AR B A ) a8 A 22 A M
AR, WAL ZFEPE R 2k — 5 P Aok A i i
BRI P AL SR A RIS S A S R G
R HEE R E ORI, Y — DR R R 268 Ty
YURREE 2 s P s LR T XA
RS P EOR AR DGR AR AR Sk, filn
RAT SEFE SIS Y Tl IX A9 8 B (Rana ridibunda) FhiE
[ ERA Y 2R P A IR A AR LU R T b
ETE N

bR e aa et 7 = A O, S 7 N [ e S (i
T (SSR) \DNA FREC S A% R 2 A5 PR
(SNP) & fb.Jk K 20 )77 (RAD-seq) F1 42 5 PR 41 I /5
KU RGN Y Xof o A 3 A% 2 5 T ) AT 9 38 1
Z R THAE R AL A8 S AP R S SR A T HOR
R HE, Laporte %P3 i 2 57 RAD-seq 3CJ%E Xt
A AE AN [A) 75 YL A BE v 0 MR UM 8 B Anguilla anguil-
Ia)FISEN B8 i (A. rostrata)JEAT i 158 |, W25 2| th PR 5%
VEFET L 119 22 b J5 TR A7 5 55 A7 35 DR 01 3 ) el A |, 3%
WK Z B RO B AE 5 e 8 7 5 R e £ A
TAE K, BB 2L [R] 3 A1 3 PR 20 7K 7 X R B AR
RS A . X U1 R DR X 50 A4S AR Y
Fl(Myodes glareolus)iEAT T £& ki A 4 JE PR 4 I 1,
JR A BRI 12 %) 4 S5 2 B T B2 I i P A ) 52
AR PR T R R AR AT DL B
KA AL, IS 808 % Z R R

IR IFAR AT 52 15 YR RE R st i ZRE VR 2
TR, BB EUA T BAR BT, anAp B ERS Y
B S SR FEERMEY . 55 4h % A
F ARG K Y st il 2, )
FRREEE B B L e SRS X855 . 4N Pitteira
ST A YT U G DX 8 PN 1 16 5 30TV B Littorina
saxatilis)EAT T MREEWFSY | K BRTE YLl & A — 42
Je IR R R R 3545 22 M EOR 32 15 Gl b X G B 2

TR I Rk U T e s AR 1 2 B Y
TR HA R IR S e 1. i 3C PCBs %% % S5,
FGHIN DR VG 3 /NG 5 T 2R b iR DNA 246l X7 51, &
PR 75 Y TR 0 B AR RN LA TR SRR 3 i T
HoAth oA AZ V5 YR, LA BT R IE D7 s 3 2 AT H1 b
TS5 30 300 5 T A A — 5, PR A S HE W R T
5 Y e A I K FUBAE T A — 2 2 P BUM S
BENE 25 YRS 0 IR LA He, S B R
BRI ARZ B2 > DB gt TR
HEALFE B 2R ST SR B T o M AR IE R AT 5 AR
ZAEME FIRELER (R GLR B i LR RE g s g A
Ay, AT BT FRATT S G bt TR A o B 35 4% O 1 X R R
15 Y i K HP T ) A=
2.3 ARG LA KA

R4k (phylogeny) , IRV R R G K F , 184
YV s I s, R G R A 2ERE SR A Z R Y
B SE R HEAR AR LU AR R A RRAE A R a1
FEAI IR TE et DT . RELE
TR P R A 2 S R A R DA A ) A 53 25 T e
BRI AT R, 2 Z [ 1k 27 5t
U AR — B e N (R G R )
EWERZHS ) RGRE A TR
W5 f 2 Wi 49 1 3t & Hahn X% AHR 3 PR 52 % K
K 20 SFEAIRFST . Hahn™ DA B0 4 A1 G54 3 4
5 5T th 2, 53R T B AT sh 4 9 Fh ) AHR
ZREPERIA VR AHR {5538 BE ALt B2 . A Mk
SR G HE S Y () AHR 3 K AT fig A 3t R 19 41
I M2t 245 DU Z A6k, BHES 1Y AHR LA
NI AFE IS R, 21 AHR S5 SE A 1774
FIREIEIE T LR AHR 28R DRI A3

A, Guénard 69 F H &R 58 & & WAL T
FIAEA R 2280 % B KW 320, & Bk 83% 1Y
YIFP RIS V5 Y 0 B T 32 RS B — B I R B R B 45
P 33CHE B T U SR e 1 X AL A A B R B
AL i 5244 . Carew 55173 1o F g A FTEE g 2 1Y)
ARG LTE e, L BE Y ON A BRI R 5
RE WA RG L E W SRR X IR BT 5 4 )
VAT 7 85 T AR B 1) IX s A7 7, LA ol
K15 YWyt 2 B IRURG: DA BREAE T LB, RIS
i RGE K B BBRAG RN 2 1
2.4 ERNPESEE S P

RS A e A A A K M AR T B A, O
SIATHESUR, XEEH PR BT 8 i (i
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KL R B 2 A s 0 ) s S P B L) VA N e
A7, M ICHEIE I A0 ) o D) DA S PRI X 4, T4
KA AE = R AR 58 T HE A0 A R B Y S
W4 S A HE AR [a) RUBE $ 2, Mk 25 A 1 il i i Ak
SRR AR Y, B A4 S 8 & S Tk AR A] REAFE JLA
THAC P RE 2 2B T X AS [R] 0 458 AL P 5 N7, 32E Ak
A DAEAR 0 A psf ) ROEE PR i & A I B S i T2
BFER S X — W A S F AT 5 ALY
WP AL T B A HIS S Ok B 2 AT i
T3 H AR X 145 A8 b i ) PR S 3 2
I I Ak T EE A B [ SR R PR B R
TEAE S BE B A2 BT v oA Bl ke 22 1143 1o P i
fbiRaE . B, Lee 555 & 30 55 7Y BH S T v =5 14 )5
295 Y X I 1Y B 9 7K & (EBurytemora affinis) % i
PR N A2, TR AE BB, 5256 5 PR i b S5 g6 20
FEFRy 8 AR, S50 20 AR 0 I ah i e 32 M 1
T B SRR, 1 % B S 06 20 2 Ak o X6 D v 1) iff A2
PEIF S TR mistf%

H % (Oryzias latipes)VE —FPEHE LI 1Y),
XTHARBUA R A2 75 YL Py LA KTt 32 1 1 7 A s A%
HA B BHRGWIIE . BT TR RS
(dioxin-like compounds, DLCs) %) 7 P4 4 H -+ 43
JE&, RS UE I 52 15 L Tl A0t BEZH X T DLCs
(AT A2 1 e 3 AN HR B 3 ol A2 4 i BH 2
st 1 HLAE 5 Y SRS ) A A e v AR AE 2 D
EBG . Reid FIXF R A 4 AT RS R S
X A3t 384 B K VY v i 1 (Fundulus heteroclitus) it
177 A BE DI R b A i s 20 53 A, 45 2R W R AE
15 YK AR T 1 £ B B BRI MY A TR AR
X LSRR GRS BH W 4n — I | 22 S OR I 42 R A
A=Y s R A ME T E T . 5 — A5k
I5 )% 7 T £ 25 55 42 (polycyclic aromatic hydrocar-
bons, PAHs){5 4 T (4t #E 4L . (K 2 5% T PAHs
2 EUEYRIEAL X PAHSs BT 32 2, [R) B AR
HCPREEIE IV AE T, 31X A] g 5 HOuH o 5 B85 Ny Y A
REPERIE A DG, B AR BT PAHs +—fX4h
ST AM L AR R AL T A2, X R E
R O 23 W el L B e 7K 32 PAHs IO #EME, BRI
T RE A QI T oK, SRS SR AT g 3 2Lt PAHS
F14) T 06 X by B35 AR R ) 55 e 5 B

3 X R E (Research perspective)
JE SRR I A X — S H B R S BN
JE 30 4F YR A] (H SR DAEAL B RS i e AR S g

P22 )18 2 R R 2 A I ] i S e, ARl 2 L
Fofre B L ¥ YL W i 32 PR ST, LR AR R 4
B 525 2 NALEIOT Y, PR AL — 20 v T
S SIS W RN RS PEAS vh o DASE AR AR 2 AL A
T LR oA S B 0 1 2 ) R, e R H 2
JF) B BRI T B A 1 S, AL R B A AR S XL
B PEAG SRR 2R P 45 L, O Ak 5 38 I AR S5 Ak
A B )R A A R I A AR A R
WA RELS, DA B s S S T fy #E B2
H5AN S EAECR ST HEA ) WS,
3.1 AR IHL

AL A X PR R A A B A S
BLAEIRAP A 2 GE BE AR I B B BR 58 RURS DA
FRNRCRE o, Bk 22 1) [ RAR R i
VG QAR A B AR AR AR VAL PR R TS e i 5
M) , 3K {50 S — 6 2R W A Sy PR i 7R b A 4 1 o AR
F o BRGNS A 2 b A Y T IS A R R
1% 8% AT B sl LA AR A S i s A Py i
SRR 075 G B AR T BB S B IRA Y PR, 7R R
R FRBE 5 M TEA 0 A 285 XU TEA 1) 5L A S e v [F)
R PR 35 A2 2 FILHE A0 A5 2 1 R B 2 SR AR A
XT38 1 Z A1 S 5 BE A S )

AR AN [ HEA ] ) 352 4% 52 i) W) B 55 24 A
i, AR IR AR B AL e A S 2 2
PR T A 240 50 1 o 38 A 2807 1) 3, SELAME G A= )
AN A5 B PRI 5 Ak 2= ) O B I 5 A AT g
FEPE B2 PP Z B 25 1, R ERE A T 3 2
AR A TR A S L SR B 138 7, AT DAAE Y R
R A S AR AR i R b AR A 2
B, HEARE R T T PEAN I OO0 B AR T
A #5 1A (transgenerational ) #2 1 , DA PEAL 2 5% 15
Yy B RR R I8 A% A8 S L,
3.2 (A A

B2 LA Bk R 22 0 TIE 4 5 S i e b
FEACT- X Ak oy S ) 10 S i ke 1) 28 DG L Y
YER™, BERETIT 327 PR e J5 R BY 1) 11 SR e 45 AT g
EU YRR KT 7= A R 345 1 38 PR R A K
PO B3GR DT A= 49 1A RVt 70 AF 0T 42 v ¥k B2 11
15 P W REAAIE OLRERR R A L3 . ]
U, Zhang 265 K 90— Fh 487 G B ARG LS, 7632
EZIB2S- 3RS0} /i SIENIN A X 7/ L N EZ DTN S ES § X IV 8 ]
12BN AR AT = 280, 175 2 5 A AR AT BT
8 DL ZORLAR DNA | 11 5 SOV LA S Zebr iAok
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P& H N, A 5 AR TSR TR B ) AT
Kb, ER, X Pk A 34 o o A b o st A%
ZREPEREAR I AT g R 09 A 67 T 5 2R, G g X6 A6
BRI RE ST T, YR T IRBE BRI, A=)
AT I A AT RERAEATR , 28 3 oK s RS, | RP itk b
BUARPY S R 2 ST AR A I R A ) R
Ja AR AR T HE R K- KR DNA DL B2 7 Az
LR KA S 8 A H B TSR A H Y g
(ELAETT A Bo e R ER G AT 2k R IR 351405 55
(AR T R B AN, X 2 5 UL B IR 98 H A5
FIREARET . BIAE — AR R A8 7 1 o ) P 325 2 1 98
Ui, 7oA BRI A B A8 S ERTE R WIE R, AN R
WA R A, X PR A T 52 AR B3 7 B AP
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