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Abstract; The water environment is the destination of many chemical pollutants, so aquatic organisms, especially
zooplanktons with short life span, may be exposed to pollutants and suffer related environmental hazards in the
whole life stage. Pentachlorophenol (PCP) is a typical persistent organic pollutant. The concentrations of PCP in

natural water ranged from a few ng-L™' to dozens of pwg-L™". Previous toxicological studies have evaluated the
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chronic toxic effects of PCP in partial life stage of aquatic organisms, but the environmental hazards to its whole
life stage have been rarely reported. Therefore, in this study, the zooplankton model animal, Daphnia magna
(D. magna), was used to evaluate the effects of PCP exposure at environmentally relevant concentrations on its sur-
vival, growth, reproduction, heart rate, swimming behavior and gene expression. Exposure of PCP at environmen-
tally relevant concentrations (1.74 +0.05), (16.84+1.13) and (166.11+9.47) pg-L™" significantly inhibited swim-
ming behavior, heart rate, individual growth and reproduction of D. magna, resulting in premature death of D. mag-
na. The results of gene transcription showed that PCP exposure significantly up-regulated the expression of genes
included in pathways related to heart disease and neurotransmitters during the stage of death, indicating that the de-
crease of survival rate of D. magna during the stage of death might be related to cardiac dysfunction and inhibition
of neural activity. In addition, this study found that with the extension of exposure time, the lowest observed effect
concentration (LOEC) of each toxicity index tested of D. magna decreased, indicating that the whole-life-stage ex-
posure of pollutants might have greater environmental hazards to D. magna. To sum up, these results show that par-
tial-life-stage exposure experiments of chemicals might underestimate environmental hazards of environmental pol-
lutants. Therefore, it might be necessary to carry out the whole-life-stage exposure experiments of zooplanktons to
assess environmental hazards of chemicals in the future.

Keywords: environmental pollutant; zooplankton; whole-life-stage exposure; environmentally relevant concentra-

tions

. # 7K ) (pentachlorophenol, PCP)H T HA R
UFRYAMTR AR ) FAAERR =R R B | B R R
By B 700 45, FLAR 7 R P e R v AN T e A it 2 B
FFRGE T, 76 & R IR A BT b g R T, K R
B2 s e s 23 16 i, PCP 32 2L & i el 15
K AT TG K LA R Az i 5 AR B K b A 5T
it e - R R BUK M4 PCP #EAT 4TI A5, #E 600
ZARFE SRR A 85.4% Kyl PCP, e JiE
HECH 50 ng- L7, Hovil g2 ) /K A PCP 1 J3E Bt
", 081037 gL 5 b ]I R RO s i
PCP ¥ &£ 75 [l 0.01 ~ 178.19 ng- g ' (VAT i &
THP . 7ESE B A — A AR T B b 2 7K
TR HASEIN H PCP ¥R EERT5 0.07 ~31.9 pg L7 FI 3
~23 ug-L7"B 0 Fr L PCP X Tk AR AR W i 3 AN
2R, Seri iy Eo £ OCHE PCP X T 2K e
BEFNFEPERON , 140 Li 5578 IS 5 A T B 3 1 22 il
TP 3K TP A PCP, Hovk RV Rl R 0.21 ~
1.62 ng-g (IR FTRIT), APFFEIMAE0.1 ~ 1000
pg-L™' PCP 8% I, BE 5 ff1(Danio rerio)i % fih % 1
(synaptophysin, SYN) Al FF it J52 2 ik A i/ T 75 (re-
combinant deiodinase, iodothyronine, type IlI, DIO3),
FHIR IR 8 2 324K a(thyroid hormone receptor a, Thr-
o) AT HUIR IR 38 2 5Z 1K B(thyroid hormone receptor S3,
Thr-B)BYAHXS mRNA FihEHN, XKW, PCP # =
FIRESS 5 £ 28 th X A 28 2R 498 1 I 1) R 9

P, I3 P DR R 3R R A A e R AR R
FOKFE 2 Ah T oK AR £ N Y o, R T R )
THE SR B R 47 5C 1 PCP X TRAES R
GANGIE A R, JF H, BT PCP fE48k A 4%
AR v B ML ng - L7 BJL pg - LA
ZEOT A 9T PCP X K Az A 7 B 24 1 BT 5
TR FH fe W B % | PR3 Mk 5 4 3 2 B 98 AR X [
Z . Wb, 2T TR IR E PCP XHILE 4%
IKAEAE YRR VPAG ISR

K (Daphnia magna) e—Fi ML 5 77 i B 5
Y, HEKEBR G2 040 AE IR PAE T,
HAKAEEY M G EEa g, JF A A EER
AL, BT XTI TS Yoy e iusk , IR
BEHAR P R EYS S e S E TR
T PCP X FRAYE 0 7 A 5T, & L 0.0002 ~0.02
pmol - L™ PCP Z 5 KK 21 d J5 , Hon] DL & 52 m
RENFE AR AT AR U B L R B 338 T fig L
AR EEESAETEMY  (ARK A A A AT
K B DU % — AN T 2 8 Y v (AR
i JE I A 2 6 SC I, JC VR BN LS ME A | 4 T Hb R
WLy G Rk A A W W FEPEO0E , DL 2 T AETS G )
TEM o B T 3R BRI TR 15 2200 1715 e i A= 75 A
Wy, T RANE A AR50 ~ 80 d)HY4F s, AHFFY
ST R KA 4B A JE 3 PCP R RS040, e &
PRITFRBEAR G HREE PCP X T R IR AU S
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1 ##57 % (Materials and methods)
11 S8

LA W3 £ (sodium pentachlorophenol, PCP-Na)/l4
H Ehrenstorfer 23 ] (72 [H), 451 99.9% , —HHZLF
fi(dimethyl sulfoxide, DMSO)MJ H Sigma-Aldrich 2
Hl(3EH), 4l 99.9% , TRIzol i #  J #% 5+ ik 7 &
F1 SYBR 2t i F) &4 [ Takara 28 ] (Fh ),
ATIEFE A A 8 AR 3 R A BT i
1.2 PCP Z#&  i ie il

350 2 — R HER AR B — 2 /2 1) PCP T3
N IE S, ¥ T DMSO, it il i B, Bifl 5
fifi 1 DMSO H-FJ- 3 2 BES B2 7 B 1) 3, MR U i
5% 1 500,150 .15 F1 1.5 mg- L™ AURER . 43 S HX
10 wL BREIMAZR] 100 mL iYW, BIW] 43545
F| PCP B FZ WM 150 15 .1.5 F10.15 pg-L7 2
FElR &, X IR ZH TPom A SE IR FR B9 DMSO A5 35 77 %
WO RS 3 P AT 2R 8 2K B, DMSO 11 %
FEMH AR HE o 0.01%
1.3 RENER S0 By 57

RANEM IR T e SCikiaE"™ , #&
2 R (2221) °C LI EW N 16 h 68
: 8 h RIFRYEIR IS FRAR T gR . KRALESR KN
LR 48 h DL Bt ug Aok, A RK I g
R G827 /R 71205-ROB12 Bl K #s (b ),
/NER T (Chlorella vulgaris) Fl &} A= Ml 3 ( Scenedesmus
obliquus)IR A TAME R AR, KAV I 4 A FH AT Y W
B R 2.5%10° cells- mL™ (§5 35 ), TR A5 )5
WA AN Z 5.0x10° cells- mL ™' (332 MK), R4
SRR FRAE R RO SR A B 2
BB 403 % P Y 2 Nexcelom Cellometer 4 [ 35 4
M E (G, RAGERREME 1 R, B 1 d 3
e 1 IWFRHHK
1.4 PCP 422k i o) 1 B 8 S R

ARG AT U FE (1Y) PCP I Ji 2 55 S0, Wk
JE3 51 0,015 1.5 .15 1150 gL~ LI IR
YERZS I IR, R BRI A 3 AT R E
FATAT 50 H AT <12 h fO4lik, 5558 %5 B R
50 AL BRR A MR EE Y /N R S R AE A

PERTR AW, BR U A 7K 58 15 T8 35 247 N BE AL i
BERRIGT B, LAHERR 6 HEAS 5 45 PR 28 %o 2 56 1 1 A
W2, RERICTERE A2 R 0 A7 SR EL, T
FREECRAAIE 5, B T PCP Y 258 T2 T K
RIGERFET , BB I BUH KB 0 A7 16 AR B
THBIE, FETSenr RS A R b i g &
A B REPETEAS 7 ik K e A R A A A
K AEFHFMEET 4 AN EarB B, BT 62 RAf A
BESLATY T, M4 46 KU KRR A IS RIF LT
R, DRl BEBR A KR ) AR KB B (B 21 K) A4
BB (3 32 R)FIEET B BECGE 46 KM HAK K 0
A Y UK R, JF AR R 87 1Y 5 32 KA 46 K
ISR AL i, T TRIzol 5], SR 5 203K,
FET-80 C TRV FREE LS M, H
Leica DMIRB 7 I 358 (72 [ & 1A 4 . #F Camta-
sia Studio 5 Leica DMIRB 3% % , il i % 1 #1451 (50
fps) A 5 AL 00 2R 3 3 142 988 43K A
i1t 60 s PR BUREAY.C%, TSIk 8 B S 500l
JH NOLDUS 7\ ##Y Ethovision XT 13 B2 (Ff 22 )l
it W OR AR 1 h A RIS 3, I % AT X
BT 53T
1.5 JKFEH PCP & &

72 58 S5 1 v [R] B BR SE K RE | LB 2 PCP
(R ZR TR, TEHRIK AT G BB~ B B 4L A R 41
WA, AU FET 0 o 1 mL KA 10 pL
HRRIE G, A S BE AL SR 5 B A P2
WA E] 2 mL fR R, T EIRERAE,
PR A HLZ B G I, IR A A T,
o Jr K B EB VA AR AE 200 L (i 4l B s 07
i 1 Waters 2\ vl F) i 755 280 WA €335 HR R = PO ¢
FF iR FH AL (Acquity UPLC I-Class Plus/Xevo TQ-
XS MS) (FEEHIATE T, CikH A ACQUITY
UPLC® C18 (kif% 1.8 pm,2.] mmx100 mm) (& [F),
TBIAAA 10 mmol- L™ B2 E2(A)FIHI BEL(B), it i
03 mL-min"', FMRBIET ESTIRANT . B W%
(ion spray, IS)HL [ A—4 500 V, S A5 S M (curtain gas,
CUR)M 137 895 Pa, A Al < fA (nitrogen collision
gas, CAD) >N 55 158 Pa, % 1k < 1K (nebulizer gas,
GS1) 275 790 Pa, %fi By 44 (auxiliary gas, GS2) 4
275 790 Pa, &5 B R 400 °C,PCP [k H RN
192 pg-L7' fEMELE A 3,
1.6 FEREIRK

R S i ST 1 KA R B BEFE S 1 PCR array



5453 4

Wi  FRBEAR VR 2 T I 4

i Ji 00 2 X AR a8 ) BE AL W 247

PRIT AT R A ECEE AL , I A 5 4 K AL e A B 1Y
5 FOCHEACIHE FE Y 24 SR AR KA T
5 SRR I B 0 17 ASFEE A 5T 43500
PCP 5555 32 KA 46 K PTG A RE SRR S
PCP X R AN i A B B BRI 3 T B B O AR o v
FEIZRINSE M, X 10 S5 AT E B% 4% FR A B & Y
FAWE 1 P,

{ii | Takara 2\ &) 89 TRIzol 157 &5, I+ BEfdi
VLT B AL S AU S RNA, Al RNA A9 4l B2 Fn i
B HREUEL RNA 500 ng, i H Takara 23 7] #J Prime
Script RT il & #F 1730 %% 5% . cDNA & 15, i 1]
Takara /A F i SYBR Green PreMix Ex Tagll i &
PEATECHT 22 it PCR, FH 6 Al ith 2 R0 o 1t £ 53 51
P PCR K2 V7 #4512 AR JIE (quantity assurance, QA)
FIUT & 45 i (quality control, QC), HEH bal2 (5 H
DAPPUDRAFT2_311135)fE KEVE A [A] & B B Bt Al
AN 2 g g h R R, PR AE R N S R il Y
{8 Primer Premier 6 F{F(INE R IEH 514
JEH . AR5 v Al 00 i A 5 W i 3 38 50RO
95% ~103%"", RT-qPCR S W4 B L M .95 C,
2 min;95 °C .15 5,60 °C .1 min, L¥" 3 40 MEIF;
60 °C .10 min, H AR BFIKDHR 274 1%
HEATAERT F B B 4 BT BRI E 3 A
174,

1.7 Edlsirbr

BARGE I A B2 SPSS 25,03 [, A 24,

BTS2 o), S 1Y T 28 43 A1 R[] B 43 ) 4 Kol

mogorov-Smirnov I Levene’ s ¥ 5 | 7F b B 5 5 40
PE AT X B4, R R 2 5 0 IR 22 (8] 22 S v R
o fi FH Y 2 B PR 2K 5 22 43 7125 (one-way  analysis of
variance, ANOVA), # &4 431 K H Spearman 73 7
%o TEARSCIGTh T A 43 AT 1 B 2 K B P<
0.05. f#iH GraphPad Prism 8.0(EH , N fl+&JE W,
8 0| A Do I ES A SN

2  Z55 (Results)
2.1 ZEFEWT PCP A& R 2

PCP 1445 LM BE 435124 0,0.15 1.5 .15 F1 150
pg-L7 S oK TR R B4 PCP Ok & 43 i
$49(0.01+0.01),(0.1720.02) .(1.75+0.01) (17.39+0.78)
(166228 47) pg-L™", #/Kk 5 A a] #5240 PCP ¥k
JE 535 4 (0.01 £0.01),(0.17 £0.01), (1.72 £0.07).,
(1629+1.30)F1(165.95+14.66) pg-L™' ., 1EH/KHET G
WA VLR PCP 1™ H 4 K, PCP 141746 FE 43 %)
J£(0.01+0.01),(0.17£0.02) .(1.740.05) (16.84+1.13)
H(166.11£947) pg-L'(E 1),
2.2 PCP &A= Ji] 1 2 5 X KRAURAE TG A KR A
LAl

PCP 7% g X KA W& AF 16 W52 an 18 2 PR,
(166.11+9.47) wg-L ™' HY PCP 2555 42 K, KM
TR R TR, 55 63 KT KR ANEFP RN T,
7T X FHE 2L R A 2 5 A A 265 70 RIS R A H I 4
TRFET - HITE L, 14 SRR WP o 2 58 ) ] 1 424 | 2R
BEAHOCHR E PCP 8 i K ANE I F56m 0 & 4

K1 KREGEHM BRI PCR array B SRR ISHERIMER

Table 1 List of genes and corresponding pathways in the stage-specific PCR array of D. magna
A= i B B i B
Life stage Pathways Genes
T MHERLAI M L% Chronic myeloid leukemia runxl, shcl, abll, cdké, pik3c
AN JEI Cell cycle mem2, cenb, cene, cde25¢, cdk6
A TE B B JRRE A S 2R

Stage of reproduction Transcriptional misregulation in cancer
B 4%IK Spliceosome

%€ T M Axon guidance

etv6_7, utx, fltl, proml, yan

hnrnpk, hspal 8 1, hspal 8 2, snmp200, hspal 8 3

ablim, sgrap, plxna, smo, ptchl

GABA HEZ fi GABAergic synapse
P ok BLL LR Dilated cardiomyopathy
22 T P A2 A ELAE

Neuroactive ligand-receptor interaction

ETHr B
Stage of death

AEJEALO LG Hypertrophic cardiomyopathy

175 ZE AEZE fih Serotonergic synapse

slc6al 1, gnao, sic6al 2, plcll, sic32a
sged, tpm3, actb_gl, adcy5 1

grik2, sstr5, glral, taki2, crhrl

sged, tpm3, actb gl
ddc, gnao, cacnalb, sicl8al 2, adcy5 1
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~ 2T ki Before water renewing WF5E & BRI BEAH W & PCP 2 88 X KRR AT —
f:ﬂ :Zg 1w 5K)E After water renewing . i ERRE I,

TF 207 IREEASE U JEE (1) PCP B && I T X K AL A 17

%’ ol - i I I VA KA A A, T el 4 2

g2 271 B, BERTAEWE B R PCP IR A W 25 ol A5 A 7Y

%3 VA B (P 4(a)) , fHL(166.1129 47) pg-L 7' fig
§ T PCP 2% i FHME IR AR TR AR K 7R R0

g 21 K, RAEVFEF AR DA KT BE 2H 11 (0.828 £0.006)

0 0.15 1.5 15 150
24 SUMRBE/(ug L)
Nominal concentration /(ug-L")
1 #HkAIEREFRZPIEEH(PCP)H
B MR BEFISL R E

T A B =R P B bl 22, AT 3 A PATH,
Fig. 1
of pentachlorophenol (PCP) in the exposure

Nominal and measured concentrations

medium before and after water renewing
Note: Values are expressed as mean+SD, and each concentration

group had three replicate tanks.

——0.01 pg-L!
100 ——0.17 ug-L"!
< ——1.74 ug-L!
= 2 ~16.84 pg-L!
f; 3 ol B ——166.11 pgL-
ot .
2
% 20 g0
s al/d
Time/d

2 ARERE PCP £4£a AMRBENAEEFEXRMRM
TE A B0 R8P H e b2 | MR BER 3 A PATHL;
R P<0.05, TR XA ILA BEES
Fig. 2  Effects of different concentrations of PCP on survival
rate of D. magna after the whole-life-stage exposure
Note: Values are expressed as mean+SD, and each concentration group
had three replicate tanks; * represented that the exposure group had

significant difference at P<0.05 level when compared with control.

ISREAHSCHR B PCP 44 iy J&] 4] % 8 b 25 410 il
TR AR, 725 32 KA 46 K, KIEA
K AE(166.11+9.47) ng- L") PCP B4 5% 1
ZHAH LE B S SRR ATG, 43 S B AIK %22 845 £0.042) mm
H1(2.985+0.032) mm, Tfi(1.74+0.05) wg-L™" F1(0.17
+0.02) wg-L ') PCP B#E Xt HAR 21 RARKER
WM, PCP & #8 XF KA A K 19 LOEC 1E 46
32 KM 46 K1 M(166.11£947) ng-L7'(E 3), 4

mm [%2%(0.733+0.019) mm; 7£55 32 K, HPUAK
AT BRZH 49 (0.839 £0.033) mm % % (0.771 £0.018)
mm; 755 46 K, HF AR DX IR ZH 19 (0.844 +
0.013) mm % Z(0.780+0.014) mm (/& 4(b)), It4b,
PCP BFEXT 4RI K A LOEC H% 21 KA 32 K
f(166.11+9.47) pg- L™ BFEEH 46 K1(16.84+1.13)
pg L7 %45 UL B AH DGR B PCP 2 5 RE XS
KA W — R T REE
2.3 PCP &A=y Ji] 11 2 88 X K AL AN Uk A T
yolibha Al

TEC 35 T, 5 AH Gk BE PCP %% 8 X A ]
A A B BOR BSOS AN ] TEA R B B (5
21 R)FIAFE Y B (36 32 K), AAHEE B PCP 252
Yrhe i 2 02 o 0 R BT MR = T B B (O 46
K, R R )0 F K (312.31+7.416) beat- min™' |
(16.84+1.13) pg-L ™' fI(166.11+£9.47) pg-L" Y
PCP % 8 X Ho0 23 77 AR 28 30 1 800, o0 3 53
°4(290.07 £5.882) beat - min~' F1(276.91 +6.000)
beat-min~' (& 5),

4
0.0 pgL!
= 3t * * mm0.17 pg-L!
=) . 174 pg-L!
Ez | 16.84 pg-L-"
= o
W g . (66.11 pg L'
E= S
S 1k
o
m
L 21 32 46
i al/d
Time/d

B3 ARERE PCP 24 GEHREX XEIZREKAM
T T B s I AR S B R BEEAT 3 AP AT
U3 P<0.05, TR 50 R4 LA 3525 57
Fig. 3  Effects of different concentrations of PCP on body
length of D. magna after the whole-life-stage exposure
Note: Values are expressed as mean+SD, and each concentration group
had three replicate tanks; * represented that the exposure group

had significant difference at P<0.05 level when compared with control.
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60 -

& —=0.01 pg-L!

= ==0.17 pg-L™!
®E 40 - 1.74 pg-L!
o S - 16.84 pg-L™!
ﬁ? = ——166.11 pg-L!
W=
B £ 20

=

3

<

0

10 20 30 40 50 60 70
s 1) /d
Time/d

LOr(b) =001 gL'

g 0.8F * * **  mm0.17 ug'L!

£ 74 gL
ggn 0.6F o 16.84 pg-L!
3 5 oal 6611 pg L
2z

Q

M 0.21

21 32 46
My al/d
Time/d

B4 PCPe£4AmEAHRENKEREENTN: XELZE4E G AN RRFRE (a) FFRMEK (D)
TE A B RR PR bR 2 R BEA 3 A PATHL; * A0SR P<0.05 3R ST IEAM LA B 25,
Fig. 4 Effects of PCP on reproduction of D. magna after the whole-life-stage exposure: The accumulated

offspring number (a) and neonate body length (b)

Note: Values are expressed as mean+SD, and each concentration group had three replicate tanks;

* represented that the exposure group had significant difference at P<0.05 level when compared with control.

=~ P (.01 pgL!
- * ., W.0.17 gL
£ 300 -7 gl
g _;8/ 500 i 16.84 pg-L!
23 16611 pgL!
3 E
25 100
st
U 32 46
Fifal/d
Time/d
Es5 ARIREPCP£EGEAHRENKEE
IR 20

TE A B s P (H bR 28 3R 3 A PAT4
* UK P<0.05, FR X IREM LA BEXESR
Fig. 5 Effects of different concentrations of PCP on heart rate
of D. magna after the whole-life-stage exposure
Note: Values are expressed as mean+SD, and each concentration group
had three replicate tanks; * represented that the exposure group had

significant difference at P<0.05 level when compared with control.

X F R BB WFIKAT N, (1.74£0.05) pg-L~" Al
(166.11+9.47) wg-L™' 1) PCP # 78 i & F&MK T KA
TS OURE B[R] A A it Dk S, T R 8 T (16.84 =
1.13) pg-L™" PCP 4111 K FL 3% 1) F- 259 i ik e B AN AE
5521 RFNE 46 KB EREAT, 2 BURERT ] 257
LOEC ¥ }(1.74£0.05) pg-L™'(& 6), AHFFLII4E
SRRH PR A SC MR B PCP 2 55 AE 8 X R V% 1) I
TKAT Ay 1 B — 7 A
2.4 PCP 4/ Rl A B 8 X R IR AL PR 3k (5 i)

PR KT AE BB B S % S BRI 3 I
T 24 AL TE PCP BERIVAS 32 R, IR A 5

T TR VA G 35 IR 1) 3R 56 i R AR B 3 R A Ak (]
7)o VA RAEIE TR BIAY 5 25 A0 ) 8 B
TR 1T A TERER A 46 X, (166.11£9.47)
pg- L' PCP %5 51 R KRB T- B Be iy 13 4>
FEHFEE D E LW, PN R E R y- A
LT iR (y-aminobutyric acid, GABA)RE 5 filh ,§" 5k 75U
O WL A 20 0 M A -S2 (A RE AR RN I T 2K g
il 4 Sl L, BN EEA1(16.84+1.13) (1.74+
0.05)F1(0.17£0.02) pg-L ™' PCP & I A 51
KAEET B BEAH S PR 1 38 B A W 35 A b
(%1 8),

=000 pgL!
* .17 pg L

1.0} [ + EE1.74pg L
* ok mm16.84 pg-L!
mm166.11 pgL!
0.5+ ‘

SR KGEE (em-s")
Average speed/(cm-s™")

A a)/d
Time/d

6 AEREPCP2EMEAYREWTAEE
T iR E FE B R0
W T B R T B b 22 BRI 3 AP AT4L;
* K P<0.05, Fom GX LA LA RE RS,
Fig. 6 Effects of different concentrations of PCP on average

swim speed of D. magna after the whole-life-stage exposure
Note: Values are expressed as mean+SD, and each concentration group
had three replicate tanks; * represented that the exposure group had

significant difference at P<0.05 level when compared with control.
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Note: Values are expressed as mean+SD, and each concentration group had three replicate tanks;
* represented that the exposure group had significant difference at P<0.05 level when compared with control.
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stage of D. magna after exposure for 46 d

Note: Values are expressed as mean+SD, and each concentration group had three replicate tanks.
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2.5 MK

SIRUR/ T NEIURY: 1 W = O I e < 12 V.
JERFE R R T AR DGR (3R 2), KBS KA T
BB ) 13 A DI FE 8 AN 50R
FIE YA Pk G B 2 A O (P<0.05), I H., SF 34937k
R 5 L EAHIC(P<0.01),

3 1118 ( Discussion)

ARBIGE SR PCP % 58 1k B 49 R IR BT AH 26
WP TEHK R JG PCP 1) 28 B8 Wk B VA 2 /b 1o 25738
1k, ] PCP AT A K A M, 7 S8 IR R 2 T 5
(), FRESHIC U B Y PCP 5458 S 8L T KM IR IK
(i RAET, M2 F, T £, 2% T 746
pg-L7' Y PCP th i 5 FRAIN T R ANR A AE TG 5, i
FramdasEl, HeAh  AHIEGY K IR BT A SC IR JE PCP
R RFEIH T KRB R JeRTA 5T i E
PCP 1% & # M, Chen 252 % #i 532.66 wg-L ' 3%
TR LAY PCP 21 d 88 1 3 B T KB E  1k
K, (B3 E 0, 7E AR BFSE o PCP 1645 21 KW
T 8 J AR KA R0 2 K s Bl T Ao TR R A R
AR B0 ~ 12 d)F= A= 30, 3X 7] REJ& B T PCP

IR TR YRR G B e A %) 00 ) ol 380, 6 e 4 ol DR AR
ARKEEMESE AR, &4 K424 4
HBU SN AR SR B, PCP AT L 2E N E
ek AT Bk (Folsomia candida)li iz #H 5 3L IR 1 2
K A PCP X KA EA A (4 il 7 A 2 5 5 3
W Rz AR G, A R — 2D AR . AR R LA
FHOCVREE PCP 1Y 2 5% i 35 10 6 T R B i 104k
K MBA 2 B AR AR 4R AT g 2 KA
TEHUE PCP BRI B4R T B Z g, Mo
BoZn A= Fl HY RE FE A/ AT 7 28 T B/ I 4l X
— AR B T RS B SRS filan, TR
o YR ERT 40O R Y A S I I 4 R TR I R
(CA)RBEE I, KAV AR W& TR, W, E
IREE AR 7 RANE N A JadE b, AR BB T f ]
FE AR BRI BUR% X 5 S T R A A 4 SR AH —
U LR LTI ARG HR B 1) PCP 2 5 X K
TR AE R RIS 4 W VR, Bk 2 R A
] Y AEAS , PCP %% B X KA il B B AR E
PRI R LOEC H BRI, 53853 A= i i) 1 2
AL, RS AH O E PCP 2 8 X 4 A iy S 40 A

®2 RERRTMEBROER FHFkiEEMERERIEEN Spearman 18X 747

Table 2 Spearman correlation analysis of heart rate, average swimming speed and gene

expression in the stage of death of Daphnia magna

R TNES p RRlie s p
Correlation analysis Heart rate Average swimming speed

sle6al 1 -0.300 0.624 -0.300 0.624
slc6al_2 —-1.000* * <0.0001 -1.000* * <0.0001
plell —-1.000* * <0.0001 —-1.000%* * <0.0001

slc32a -0.900* 0.037 -0.900* 0.037

sged -0.500 0391 -0.500 0391
adcys_1 —-1.000* * <0.0001 —-1.000* * <0.0001

HE
sstrs —-1.000* * <0.0001 —-1.000* * <0.0001
Gene

glral —-0.800 0.104 -0.800 0.104

takr2 -0.900* 0.037 -0.900* 0.037
crhrl —-1.000* * <0.0001 —-1.000* * <0.0001

ddc -0.900* 0.037 -0.900* 0.037

cacnal b -0.300 0.624 -0.300 0.624

slcl8al_2 -0.800 0.104 -0.800 0.104
1.000 - 1.000* * <0.0001

WA Heart rate
Macroscopic index S A KGR R
1.000* * <0.0001 1.000 -

Average swimming speed

T * 038 0.05 ACHFASEE RERUR) ; * * A3 0.01 ARG B2 (WU2),

Note: * represented that correlation is significant at the 0.05 level (2-tailed); * * represented that correlation is significant at the 0.01 level (2-tailed).
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