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EFP AR TP G A] 2 i A B 7 119 22 5, T DA SR 0 o) A 0 A BE RN, B B T A AR ol 7 300 358 Joly
10T HYIE R SRS . ANIFIT LA R AR FI LT EL 0 o R0+ S5 Fh vp A Bt AR A ST X 4, PRAR 7 DR AL 0 I v
(1 mg/L) FIHE KIS R R OO R (0.1 mg/L. 1 mg/L. 10 mg/L) X BRI 78 T RER SR 25 580,
TERFALIUI R It v i PG A Fh I T8 B = B RN 2Rk TR 7E AR KU IR IRl o+ A S P~ Fh i 18 v 7
HZREPE IR 00 8 22 5 (B 2 B A R 38 25 5% #E T TUK O, 28T B 1] ( Proteobacteria ) | JBEBE AT 1R 7]
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Comparative Study of Responses to Microplastics in Alien Invasive
Trachemys scripta elegans and Native Chinemys reevesii
Chen Yu',He Xinni?,Chang Tingting® ,Gao Shuo®?®,Li Hong?

(1.Jiangsu Second Normal University , Nanjing 210013, China)
(2.School of Life Sciences,Nanjing Normal University , Nanjing 210023, China)
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Abstract : Global freshwater ecosystems are subject to different degrees of microplastics pollution, and the effects of
microplastics on aquatic organisms have received considerable attention. By comparing the differences in physiological
responses to microplastic exposure between native and invasive species, the toxic effects of microplastics on organisms can
be assessed,and it will also help to understand the adaptive sirategies of invasive species under adversity stress. The
present study had investigated the impact of microplastics on the gut microbiota of two turtle species including the
invasive Trachemys scripta elegans and the native Chinemys reevesii. Microplastics were added to the incubation period
(1 mg/L)and the growth period of juvenile turtles(0.1 mg/L,1 mg/L,10 mg/L)in laboratory environment. The results
suggested that exposure to microplastics during incubation period resulted in a reduction in the abundance and diversity
of gut microbiota in T. scripta elegans and C. reevesii. Exposure to different concentrations of microplastics during the
growth period did not cause significant differences in the diversity and abundance of gut microbiota, but caused significant
differences in the compositional structure of the gut microbiota. Proteobacteria, Firmicutes were the dominant phyla
shared by two species. The dominant genera of the two species were different except for Bacteroides ,and the proportions
of various bacteria varied significantly. Bacteria resistant to adverse environments were significantly enriched in T. scripta
elegans ,while a variety of conditionally pathogenic bacteria were significantly enriched in C. reevesii. The results showed
that T. scripta elegans was more tolerant to adverse environments than the C. reevesii.

Key words : Trachemys scripta elegans , Chinemys reevesit ,microplastic , intestinal microbiome, invasive species
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8%} (microplastics , MPs ) &6 ELAZ/NF 5 mm Y URHTURL vk GRS B, £BRIRKAESR R
G5 1552 B [E) LS B ARG G, M SR 100~3 500 4>+ L7120, A [ 3 ZR VT AR A 1) 20 wm DB A #3008
B it (293283) ~ (4 7605 242) 4/m* L AE P VL BRI AFRAOK AL A 7E O RS Y Rl
YL 20 22N R RS Rk B T (1 660.0+£639.1) ~ (8 9251 591) A>/m’ ). Sl T LU i 17
AEFEYHE X EY G U FE R RIET . RIR SRR R IR PR S O SO R R 2 — XK
A=A I M AN B SRR L TR 2% 8 X5 BE 5 £ ( Danio rerio) 8 #0158 R 48 77 HE BRI, AH G
G R Rk K R . KRB Af ( Larimichihys crocea ) %101 JLANTE X W ( Litopenaeus vannamei ) 7% 55 T
R CIWIBRYG , H b TE AR 7 S , T ARG PERR IR, I e W 2 Re e R AR AR BRI LI
SRR A B0 AR B A SR TS ) SRR 0 T - B ) £ AU T A S ISR TR I i S 30
(Oryzias latipes) P=BE08 A1 BRI, B I OBRE X+ 387K A A ) R i B 38 24038, i A S 14
SRR 35 5 AR A P00 LU BB ARG 5 /D i a5 A 35 A R AR ot RT (8 S 2 6 A B e 3 1) 2
S, A LAPPAR SO A= M i BP0, , A BT 1 i AR S0 A5 38 T 3 SR

ZLHIE 0. ( Trachemys scripta elegans ) J5 7 A %5 V4 P4 Ho il i, 1 [ B F AR PR 47 K 2 (TUCN) 31 oy 42
BRICSER 1 100 AR Z — " D H A A 4 R AR bR ST BE T, D) A7 T, 3 S AT 32 A8 R 3R
BRE AR TR IR FRGEkR SO R RN L A B AN RO SR, 4
34 MEYATE XA LLH M R oA, T EAR R B A AL 1 T A b R S B 4 R
MR T A SRR SR A HHAEEEAR, ( Chinemys reevesii) FE A AEHP [E | H A AP A , Hil
I RE S50 By B ke E R AT R sz .

MAZ YRR+ PR 2 8] 0 22 AN DUABRAETE A A7 5 T, i LR AR 3 w7 il ik e
ANETE EYIRh Z [AAFTE 22 57, 0 AP R B30 5 23 i W B AR ), 10 T G A D 0 118 7T 9 T e 3 )
i3 T2 3 B A A 1) R B L A o RS IO 4 T R AR R AT B 2 0 T M I S TR X R i
SEEATAEHT A R P B R A T T S AR T A A 0 R T BB R R T AR R
SIS ML RE 7 0L I L MR E T RGO R AR 1 R AR PR R B TSR A P R 52 e T,
A HM B A ( Ocadia sinensis ) BAG T 58 A0 X VAl FR £5 1A i 32 BE (211

AWTFE LLAAR B H- 3 a0 25 M AR B AR g F 580 42, i HE RO S0 T B R 2% i X M b 3
VB RS2, T i AR - 2 X Gl ) 2 o A B 1 1) 22 . AR BE R T R LD H I fa )
A S NPT PR AL |, R b G X /K A A W BN B 2 5%

1 AR5k

1.1 KRR E

AR LT HE f % 300 MUBPSRAR H VLI M i 52 0 B Ll FRAFZK 7356 (33°12726" N, 119°14/43" E).
F IR ] g I A PTG C T T 34 SE 50 = e 4L, AL A ( KB240, Binder , Germany ) i FE 1% # 0 28 °C, ¢4k
HH RIS WTRD 787K 23 AR A B B A AR 7E— 12 kPa( BIUK AL LT LK 1:1) |, I Rt 22 2 2% it
I, B A HE R AR .
1.2 SRieHH

DENCHATEUR K 20 (polystyrene , PS) 1 EK ( BAE 80 nm ) & 77 (100 mg/10 mL) FIFRAFEUR I 2 I
THER (AR 10 pm) B IF W (2.5% , w/v) W T RS UK kR R I & . SR 50O i s At i i
BEXH RO TR SR R A R ST R4 7 R AE.
1.3 SKIGAbIE
1.3.1 MR e B RE SR

H B K B T AR 4 ) 5 SR O B RS Tmg/ L BEOGRIR A BB g K (5250
)1V IREG I BB APIA L & . FER b e AL f P AR B A B 45 60 AL TR A
A0 HR LS IR 20 A AR AR O, I ) PN 2L AR A v 43 SR R SOK N & T 1 mg/ L SOGROR 2 T8k
IR SK, AL & P AR R | B 5 v AR R R 2T LI fa e T

3 S9H 905 H 1 i A R 2 R R LR DRI P ) SR A v A S — R DU HE U RE 5T A W A Y
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FFRI AR O B . WO 1 s A rh e e R 2D H s fa ME R R T o AR SR 2L I F 50 RCORFRFW 41, A
a0 CC.CF .CFW 4. RC 5 CC 41 A6 1 1] FHE f A4 1 0 (B AN B I 2B R RF 5 CF 415 1k 1
S I  (AREf AR R RS IO G RE REW 5 CEW ZH 55 Ak 193 ] RO A= 4 S0 ) 34 9 Jon
PENCAYIBARL. 1SR4 P ELHEHE MG 7 0, 1 3548 7 B e G kT, e B M R SRR 25 14 Sy 4l i it
PRI IR B R E L=14:D=10. 5K (8:00—10:00) #ME 1 YK 3% ~ 5% & AR S Aa R (<14
).

1.3.2 A KIREREHBAEE LT

F BRI BCR IR LR TR R R FRER 43 3 i 25 1 3 VR FE 0.1 mg/L. 1 mg/L 10 mg/L, 4 B {fi il
SRR AT 50 W AE AL A 22 SO A 2 R TR 11 11 120 R HEdg f R 120 H rp AR B 78 O R T
AR FRAR P AR 3 — 8], AR HEF R BB E WIS 58 B 8 R /KIRGL BB T, X R K G IRE R EETT /1A 3%, B~
YIRhEE 4 N3 4H, BVLL B 4y A% R4 (RC) (0.1 mg/L 41 (RL) .1 mg/L 41 (RM) .10 mg/L 41 (RH) ;
rhAREL 843 X IEZH (CC) 0.1 mg/L 41(CL) .1 mg/L £H(CM) .10 mg/L 20 (CH) . FANH it 454 b 3840
WE 3 APATEE A EEAS 10 R, IR D rmE 3R SR E .

R FH 2 R AU AL UHE R, FHJC A BY U0 RIS A I HE f | BY I i B 5 AR R R 4K, BB By 48
Ve TS (Sangon Biotech ,Shanghai, China) , TR L I 18 BE 2 ZURE B LIRS T Ak 3 e i) IR A 1 . B
B 5 W 1B S YA IRAEAS , 51 2D TR R TR, BRI AR TG RS 3180 °C B AIRIR VKAE - A7, B4
HHE 6 I FESh (n=6). MiE N AW % 20 50 R BUE A YR A BR A 7] ( Novogene Bioinformatics

AN

Institute , Beijing, China) , 1| H Illumina NovaSeq PE250 #£47 =18 1 0 7.

2 Ko

X 72 R HEA T RS, H fastp 2K (V 0.20.0) X355 0 JE4R (0I5 e 50 254 7 5 e aod i 3
it FLASH(V 1.2.11) 547 Df 4. A Ly iy 913 8 DADA2 J5 ik B MR 25 &, 7 A2 R i ¥ 51 ( Amplicon
Sequence Variants, ASVs) , -5 FH Vsearch #4F(V 2.15.0) BUNFIES Bite & A7 5122 ] SILVA 1) SSU
rRNA ¥4 5 (V 132, http://www. arb —silva. de ) '*) F1 5 T classify-sklearn 5 %% ( https://github. com/
QIME2/ q2—feature—classifier ) i) QIIME2 ( https://docs. qiime2.org/2019.4/tutorials/ ) Naive Bayes 73S #% i
FPRIRPEE R T 6 R T-JE /KO 1 i R I AT S . LAOER B 19 ASVs B0k 3ERE
P18 ASV JK alpha ZHEMEFEEL, 15 Chaol $5%%( Chaol index) . F 4 — @ 4945 54 ( Shannon-wiener index) |
%48 K0 ( Simpson index ) W 42) # %1 ( Observed _otus index ) | Goods _coverage $& % ( Goods _coverage
index) 5 NEEUMTREA Y F2 5 B ZAEPE S M P B 36 ). Chaol #84UMI1 Observed _otus 81 A, & 1
FEV& =F & BT Shannon-wiener 55U Simpson $5 5UHAR , BEVA ZREPEIR . LA, Goods_coverage F5 45
U IR 0 I 5 78 5 5B 5. SR FH Kruskal-Wallis BRAIRS 30X #5 41 B RF 5 & B2 S S REIE A T 25 5 W 2 1k
AR

FIH QUME2 #1155 Bate 22 FF M4 FF 25 55 [ AN 9E #E 25 56 % | 2£ T Weighted Unifrac #I Unweighted
Unifrac P25 #EA7 A B2 5 22 48 RUBE S0 A FRE 95 A DL PR 30 2007, S ] R 1B (V 3.5.3) AT SE 1 o A R
. A LEfSe BAF(V 1.0) 52 2H ] .35 22 e w23 B, SR HTZR 40501 20 At (LD A ) X 2920 25 S5 T 3o
FT4E L P<0.05 Rl LDA |>4 S IR, i 1F .35 22 00 R LDA {50 AR .

3 SiRai RS HE

3.1 MEBRMRIE

FEDOC RS T ,80 nm MR LG T CHIE R BIBRIRIE & R SR 05O, B 45, Jo B 5 B R AR
WHG(F1A) . FEE-#G2E AEET ,10 wm YRR SRR BLRIERCR , A S B RHN (4 1B).
3.2 MFEBEHNFRER alpha SIS

12 ZHALFRRY 72 ARSI R I 2t w2 ad B85, 15 8] 4 262 006 A 507 5. A4 R K555 8 373
A~ ASVs, FIT A 5 Y ASVs 8 55 587 99.8% , 1t I AR U S 50 I 7 500 1T LA 4 1 At 15285 A0 ot o 200 TR ) 20 1l
FJE.
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LLAAKT R IR AR IO R A LI R AL
(A) FOLRIMEE T/ 80 nm DGR LRI (B) Tl WA T 1Y 10 pm R ZIRIBEL

1 BRI
Fig.1 Characterisation of microplastic
RC Fl CC HILA 1 ASVs 22 4 769 /1>, 433 5 RC 1 CC 4154 ASVs 1 37.01%F1 47.12%. RH 1 CH
HALE I ASVs /b, B 545 4, 20915 RH FiT CH 41 8. ASVs 1 32.00% F11 35.37%. RF Il CF 4134 593 4~
ASVs, 7355 RF FI CF & ASVs ) 28.76% 11 40.81% ; REW il CFW 2034 546 4~ ASVs, 4335 RFW £l CFW
M ASVs 11 28.76% 11 48.15% (& 2) .

1 20 ) 1460 e X0 ™ S )
A B C

1188 i) "o 140} o8 m 14 “ (3%}
D E F

W0 P B SRR 2L H R ASVs i, SR (0 B B 3R TR AR B I ASVs Bl 58 X3R4 1 ASVs Bt
B2 AESEHEXLF ASVs FEE

Fig.2 Venn diagram of common ASVs in different treatment groups
Alpha ZFEVESHT 45 SRR, AN [RIAb BEZH 7 1& TR 1) Chaol $8%K . Shannon-wiener 54X, Simpson F8 %k |
Observed_otus F5 AU AF7E I 3 25 5 (P<0.05) (£ 1) , X F W20 RIR] A S 0 k0 A B, Hp A2 v g fn 21 5o
055 HIATERUE YRR 1) F 5 BE M AR A B 3 . Wi I E R E D E M 2 R AR R
F(P>0.05)(%2).
F1 AEABESEERMOIES A EMEYEE SRR

Table 1 Diversity indices of gut microbial communities of Chinemys reevesii and Trachemy scripta elegans in different treatment groups

Chaol 8%k Shannon-wiener 75 %% Simpson FEE Observed_otus 84X
cC 579.29+30.15 6.05+0.07 0.94+0.01 567.67+31.37
CL 486.53+10.09 5.93+0.19 0.93+0.01 477.33£9.17
CM 615.31+31.53 6.36+0.26 0.95+0.02 605.83+31.83
CH 537.02+32.12 5.90+0.28 0.93+0.02 528.33+32.01
CF 556.01+14.47 5.63+0.15 0.92+0.01 548.83+14.45

CFW 459.55+33.07 5.13+0.19 0.91+0.01 452.00+32.18
RC 568.40+76.50 5.55+0.41 0.90+0.02 557.67+73.69
RL 587.39+82.43 5.87+0.41 0.92+0.02 580.50+81.47
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Table 1 continued
Chaol 5%k Shannon-wiener #5 %% Simpson E2 Observed_otus T8%5X

RM 646.62+62.52 6.70+0.22 0.96+0.01 643.83+£63.17
RH 497.42+30.33 6.19+0.16 0.95+0.01 495.17+30.57

RF 534.73+43.27 6.28+0.16 0.96+0.01 524.83+40.44
RFW 422.42+32.82 5.42+0.18 0.91+0.01 413.67+31.44
EM Hy 4=24.331 Hy; ¢ =28.531 Hy 4 =23.151 Hy, ¢ =24.896

significance P=0.011 P=0.002 P=0.016 P=0.009

FPHE L CPI AR IERR) R7R , 22 5 W i B TR IA R,
x2 HEEENIEBRAMEARERESHEEEY

Table 2 Diversity indices of gut microbial community of Chinemys reevesii and Trachemys scripta elegans

Chaol T84 Shannon-wiener 5 %% Simpson FE%% Observed_otus T84
C 538.95+23.67 5.83+0.17 0.93+0.01 530.00£23.37
R 542.83+31.64 6.00+0.20 0.93+0.01 535.95+32.06
B t=-0.098 t=-0.646 t=-0.271 t=-0.150
significance P=0.924 P=0.533 P=0.793 P=0.884

F P HAE UL PRI ARIEDR ) 2R , 22 5 W35 B T TR IA R,

3.3 MERBEARSEST

MRIGPIFE LR 72 AE R A YA TN T R AR T VA2 45 AN .107 49,259 A~ H 402 B
884 &, TEI /K I, ZSTE E ] ( Proteobacteria) JEBEFFE ] ( Firmicutes ) fUFFES ] ( Bacteroidota ) 241 H-
Rt A ARt RO DB R 1], AR 20 F3 fa B 3 T B Py 12.36% ~ 39.71% 5 fE AR st b 23.56% ~
25.66%. WA, AELLH f A AR R 1 i 8 R PP o AR 3 A B AT T ( Fusobacteriota ) | 4 617
( Cyanobacteria) \PEI ] ( Verrucomicrobiota) . FRFT- T[] ( Actinobacteriota) . &% i | ] ( Elusimicrobiota ) | fii
AT ] ( Desulfobacterota ) . 2825 B ] ( Chloroflexi) (&l 3). FE4L H-¥ig fa M rp 1 ¥t i i b, AR B 1]
( Proteobacteria) JEREFFE 1 ( Firmicutes ) . fUFT # ] ( Bacteroidota) A2 #T [ ] ( Fusobacteriota ) | #5 40 & ]
( Cyanobacteria) \FRAT T# | ] ( Actinobacteriota ) F1Z% %5 T | ] ( Chloroflexi) FIT 5 i) FL 47 7E i & 25 5% (P<0.05) .

1.00

v
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0.50
0.25
0.00 &
B3 FAELAETOHBRMAEERFERFTNEXEE
Fig. 3 The relative abundance of gut microbiota taxa on phylum in Trachemys scripta elegans and Chinemys reevesii
TEEKE R E -1 )8 ( Clostridium_sensu_stricto_1) FUFFE & ( Bacteroides ) % WA X )@ ( Romboutsia )
EAHMWEANEAEE, b 7.46% ~14.24% , T 5T F & ( Cetobacterium ) AUFT 5 J& ( Bacteroides ) /NS5 &
(Acinetobacter) & B AT B J& ( Cloacibacterium ) . C39 J& ( C39) Yl & H R B H R, 5 4.06% ~
9.63% (Kl 4). LT Hg fafh ARt il b R -1 & ST E ARSI E P A 2R R S TR
C39 JB Y FBEAFTE . 2257 (P<0.05).
34 BEBRBARERSH
FEF A AE MALAY Unifrac 525 19 NMDS 3473 B, A [R) A 34 21 e 1) 1 308 TR AR Vs A il 25 5% I 3%
(AL R=0.098,P=0.005; FE AL : R=0.16,P=0.005) (& 5 A .B).
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Fig. 4 The relative abundance of gut microbiota taxa on genera in Trachemys scripta elegans and Chinemys reevesii
NMDS Plot NMDS Plot
Stress=0.098 Stress=0.16
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Fig.5 NMDS analysis of gut microbiota community based on ASVs level

LefSe 43 A7 4t R & W, # ¥F B 1] ( Fusobacteriota ) . ¥ % B ] ( Verrucomicrobiota ) | fifi ¥T & J&
( Cetobacterium) FUFT 1 J& ( Bacteroides) W] 70, %% [ J& ( Akkermansia) 1 C39 JETE CC 4 B & & %, JEREF ]
(Firmicutes ) . % W75 7% 1 J& ( Romboutsia ) 76 RC 4 B EH = (K 6 A). JEEER ] ( Firmicutes ) FIB 5e 2 5 J&
(Akkermansia) 76 RL 41 F & 8, A CL HH B AL AL EFEEMWERE (K 6 B). JERERE]
(Firmicutes) % W45 9% 1 J& ( Romboutsia ) ML H —1 J& ( Clostridium_sensu_stricto_1) 7F RM 4H i 3 & £, C39
J& A TEAT U ( Cloacibacterium) 75 CM ZH 2 ML Z & 4R (181 6 C). JEEETH ] ( Firmicutes) \ & i 41 X I )&
( Romboutsia ) FIRR# J& ( Clostridium) 75 RH 4142 &4 , C39 J& M B AT & ( Cloacibacterium) 7F CH 415
REEEE(E6D).

S T A 40 1) 45 I G B ORI (FT + W) FETT K SF |, 28 JE 18 1] ( Proteobacteria ) i1 i 4 147 ']
( Cyanobacteria ) TEPAE R A A B = 5 AT F ] ( Bacteroidota ) A1EBEE ] ( Firmicutes ) 7EZT
Hi ol die b o 2 E 4 7E B KOE b ZE AT E B ( Bacillus ) (C39 J& FAS B+ & ( Cloacibacterium ) 76 H
AL A 7l R W3 A P WA 2K B ( Romboutsia) AUFT T J& ( Bacteroides ) FIRR B — 1 J& ( Clostridium_
sensu_stricto_I ) TEZLHIFAN B EEE(E 7 A). SN G RS SRR (F W) 76T 1K L R g,
HOTE A B0 4 S M AR Y B RE, 7R JE UK F I, €39 J& A B AT B & ( Cloacibacterium ) FAS 3 T &
(Acinetobacter ) TE R H A ii N S B0 B 2% & 45 | W S & ( Hydrogenophaga ) % 1T X 18 J& ( Romboutsia )
AR —1 J& ( Clostridium_sensu_stricto_1 ) TEA HIE B RN B & B (K 7 B).
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K 16S rRNA 5738 f7 i) B AT 21 B 3 F eh AR R £ ) i T TR I 2 AR 1 5 4 A A T IE 9. DR SR 45
SEERW, WA P i i 3 TR B RN A E AN AR 0 3 25 S (3R 2) (B S W el %) J 8 TR A A J A7 A
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