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Abstract: Earthworm guts are thought as a potential reservoir of microbial diversity. Low concentrations of arsenic are
widespread in soil and the effect of arsenic contaminant on earthworm gut microbiota has been confirmed. However, shifts of
arsenic biotransformation in different earthworm gut are largely unknown. In this study, four species of earthworms were
exposed to arsenic-contaminated soils to explore the difference and universality of the effects of low concentrations of arsenic
(i.e., concentrations of 5, 15, and 25 mg/kg) on the gut microbiota characteristics using Illumina high-throughput
sequencing, and to examine the relationships between arsenic enrichments, arsenic species and arsenic biotransformation
genes in different earthworm gut. Our results demonstrated that significant arsenic bioaccumulations in all earthworm body
tissues were observed. Fisenia Andrei had the highest arsenic bioaccumulation, in which the bioconcentration factor of
arsenic was 1.93, followed by Metaphire californica (0.80) , Metaphire vulgaris (0.78) , and Amynthas hupeiensis (0.52).
Inorganic arsenic (As (V) and As (IIl) ) was predominant in earthworm body tissues and guts, where the percentage of

As (III') was more than 80%. A few of organic arsenic was also observed in E. Andrei and A. hupeiensis body tissues. Gut
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microbial communities in four species of earthworms were dominated by Proteobacteria (22.7%), Firmicutes (25.9%) ,
and Actinobacteria (28.0% ) at the phylum level, and were significantly different from those in the surrounding soil. In
addition, a total of 17 ABGs were quantified in soil and earthworm gut samples by high throughput quantitative polymerase
chain reaction (HT-qPCR) , a higher relative abundance of genes involved in As (V) reduction and arsenic transport, and
a lower abundance of genes involved in arsenic methylation and demethylation were observed in all earthworm gut samples.
The earthworm gut can be a reservoir of microbes with the capability of reducing As (V) and extruding As (II) , but with
little methylation and demethylation of arsenic, suggesting that ABGs played important roles in the biotransformation and
bioaccumulation of arsenic. Moreover, low concentrations of arsenic did not significantly alter the survival and growth of
earthworms, but it could disturb the bacterial community of earthworm gut. Changes of microbial community in the
earthworm gut were mainly influenced by earthworm species and arsenic contamination. In short, this study suggested that
earthworm gut was an important hotspot for the microbe-mediated arsenic biotransformation, and the findings of this study

could broaden our understanding of the biogeochemical behavior of arsenic in the gut of soil animals.

Key Words: soil fauna; gut microbiota; diversity; arsenic species; arsenic biotransformation
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1 #MRERFE

1.1 MRRES 59 I

R W T I Rk RS TR AR b B A R A ] R AE SE U - R e 5] — 48 [m]
TIE, BFHINRAE IR 0 5 A5 s D) E A7 SE 6 = P DI R R e T B AR 4 Al L
e W) A 2k, Ao Sl R 2 % BE W) ( Eisenia andrei) , WA AU AZ & 5| ( Amynthas hupeiensis ) , I [ 5| ( Metaphire
californica) F1EAR E 1| ( Metaphire vulgaris)

PRI 10 B RT S AN RN R 20 SRR b 78R S), AT 2K BL & As (V) B (A fRIEMAR &
ffb 59 Na,AsO, - 12H,0) , 205l BExt v B As (V) TR, BT B fE & VA T e o i 1 3801 A)
ARSI = A A TS 2 — R 50 b P HERE 5 o AR YR S0 3 U A b B B2 1 (R SR Sl
5 mg/kg) Tolems], 25 (1 (BAYTS SIS mg/kg) A3 MW, Ak BE 43531 R 15 mg/kg AT 25 mg/ kg A 5] b 2
Y1, R IR S AT, Horp s (1 JC M I A B S T RS 451 2h %+ HE TS S AR AT R R
M) ) A R A PR B 2528 DA 10 25/ INFI R B A AR A (] — e ] ) RREAS ORI B N — ot 40 ksl s
PReE AR TR N G R/ SRR IE PRI ] 4 — 2 AHXHREE 75% 8% 20—22°C ) 1557 28 d., SCE AT, 1
li] AR IN AT B AK , AIE 35 KRR R 30% 2247
1.2 BRSO
1.2.1  F£4ih DNA $#21t

By - HERE S FE MR A) R TCH A 348, 24 HERE 5 XTI I, FH JC B B 0 ke ) DA+ 38
FEG RIS BRAR R - 8y, T AE O R A1k iR FR ARG FE C A & LA S s R JE I
B TR a5 ], BRI NS, HE DNA (Y BRI I g B RE & SOE -20 C kAR, DURRIE S Y
4 B R A5 20 U AE T80 C KA A . ARSI {HH Fast DNA®  Spin Kit for Soil (MP Biomedical,
) RS AR GRS - AR EAE  DNA i 5240535606 B3 ND- 1000 1 5E T §2 DNA ¥R B 55
14 DNA FE i i A7E T -20 CUKFE&RH .

1.2.2  4HTA 16S rRNA R4 38 i i Wy M Y e A= 9 o b

PI$E B DNA S AR, I XF 240 B 16S rRNA J& [H 0y AT 48 v4 X gEF7 4734, L UEgI ¥k 515F (5'-
GTGCCAGCMGCCGCGGTAA-3") T RiiF5 144 806R (5'-GGACTACHVGGGTWTCTAAT-3") , o R g1 W& 4
6 NI HE A BEAY barcode, PCR AUY 1 241 95 °C FAEHE 2 min; SR 5 30 MIEFRY 1 B MG & 95 C7E
P£ 20 5,55 CiR K 15 5,72 CHEMH 1 min; H 2 72 CLEMH 10 min, PCR =& ik MO S 3£ 0¥ 2
A (W RSBOE, 1 E) JEAT Mlumina W7, (MRS # QUME | XM P8 E4 T Fliga ™ . Horb, 4R 751
T BT 2 R A R BRI TT S O S5 81, AR 3] i 5t HART 81, B S Uclust B35 (97 % M AHABLEE
IKF ) H 155 Ik 49— 2B B 2 Sl A 43 2 BT ( Operational Taxonomic Units, OTUs) ™™ #3538 i 76 f
AT BT ARASRE ST 50 1 20 e | JHG vl 3 AS ]300 P R B T A0 8 B 22 ek mT A 3 B A i N 7 2 R (D
Alpha ZFEME 41 Chaol FEEUFIE AR (Shannon ) F5 504 ) | 3 12 1 FHH [R]3000 % B O 5 R B & T 7y 22 R
( Bl Beta ZHE4%: , aNFET Bray-Curtis B0 25 1) = ARARSHT) o
1.2.3 s e = PCR

FATR A SmartChip Real-time PCR Systems( WaferGen , 3& [E ) 5 18 5 9¢ V6 5E I 2 G0 X T A FE & Hh A 9
EEAL LN PE T N E . 519 —3A5 80 X, A0 5 79 X Hh AL AL FE I F1 168 rRNA gene , 51 HAR(E B LI K & it
PCR & R IR I ] 25 8 2 BB Zhao %57 BUBIFST . AR I % Ak 5 TR A T BERRAE K F 43 A DU 2, B
Ml L (As( V) reduction) , =48 b (As(1I) oxidation) , i ( %) 34k (As (de) methylation) , Flffi¥% iz
(As transport) , — 3 RGN BIAE (€, 31) B FHRAE A 20y 38 DA ) 2K 3, RIS B AR AL 3 N4
ARFE (ZRFEARE LAY 1 ORI, AV EE A k) sk, il A3 (1) THE AR S SR R B
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VUKL, 4 Caf 31 B 0 W, IAGE L RIS R I Hi ok, XS R C (E ey 31, R BEAIAE & A) DNA
PEIRCR 22 5 A (2) B AL (1) Fedfe Ay VA — A iy 5 PR 2 2 B0 440 1 400 5 R g 4 DU, ik LT
AR R
Relative Gene Copy Number= 10<317CT)/<% (1)
Relative abundance=4.1x ( Relative ABG Copy Number/Relative 16S rRNA Copy Number) (2)
1.2.4 KSR
48 pH (R A pH A F5E (K £ Ry 2.5:1) , -3 TC AL TN il C/N 43#H1{ ( Vario MAX C/N, i
) BABREHEATIN E , TOC 4341 { ( Vario TOC cube, 12 [ ) il & + 3 SA PLAK TOC, >k H LB IH %1 (CEM
Microwave Technology Ltd., $¢[E) 4T -+ 58 5 4 Jm T i , 5K il U 3R B0 A 72 )7 2 BRI AT Z A 19
%7 4 As (Cd Cr Cu Ni Pb #l Zn &5 & i BLBGHE A 55 88 TR i (ICP-MS, Agilent 7500 ce, Agilent
Technologies, JE[E) M, BRI MEFEERA 3 A28 O B USRS RE S E AR AT B P4 T H 52 A AR T D
FIIAE 10% LAY, He b i FH AR 4 5 35 5518 GBWO7403 A1k U1 GBWO7403 K 47 4% i 56 31E , [a] e 3R 35 78
91.19%—109.3% Z [A] , Ik B ZE3K . oAb, 1308, Mol i 18 e 2L SURE S BIE 28 BB IO L R RS I Wi D5k IR
S v AR OMHE {6 1% ( HPLC, Agilent 1200, Agilent Technologies, 3% [ ) I ICP-MS B¢ 1 52 #¢ 5 (4 il
EEN,
1.3 Bt
AT IIE, H A, AR T R bRl 22 R S5 422K H Excel 2016 ( Microsoft, € [ ) SEAL, 451 FE 8]
ZM TR SPSS VI18.0 (IBM, € ), Ho A A Sefdi B R &y 22 0 ( one-way analysis of variance , one-way
ANOVA) HHEHRAE 0.05 7K Y 24k, W B RS 19 5 T Tukey HSD A 7G50 G55 BCH i 17 3 1F 28 40 A i
55, WEPESRE AT EEIET R(version 3.4.3) FAZ:H], Wnfli H R vegan2.3- 1 T HiE4T T FAAR5347T, Adonis
test FEIAGIAN [FIRE i (8] A DIV 23 A i 2 1 . FEARIETRIAEZEIE1 %5 B Origin Pro8.5( OriginLab , 56 [H) 521

2 EHRE5S

2.1 R[RIMES| ] AR A R A R R 2 A i ] 25 5

2528 RisYe +HER TR 5,3 A b H 4 [A] i A3 e W51 (9 PR B (VR 8 ) M H (216 %) ¥ o B 35 25 5 8 fk
(ANOVA,P>0.05;% 1) , 3P Ik B i e 51 7706 50 R AR K AN K, A, 3 4 Fioic 5] (%) K 5 =2 [R) A7 7E
BRZES  WEAR S R R 4.67 g, S L FEZ AT R 12.4 £i5(P<0.05) ,

x1 MEBIEEMBSTHIFE

Table 1 The characterization of changes in earthworm weight and numbers

QbR Treatment As5 Asl5 As25 As5 Asl5 As25
Ea 10.0+0a 9.8+0.4a 9.6+0.5a 0.39+0.02a 0.41+0.02a 0.33+0.02a
Ah 9.8+0.4a 9.840.4a 9.6£0.5a 0.68+0.03a 0.70+0.03a 0.59+0.02a
Mc 9.8+0.4a 9.6+0.8a 9.8+0.4a 1.3+0.1a 1.4+0.1a 1.4£0.1a
My 9.8+0.4a 9.840.4a 9.4£0.5a 4.8+0.2a 4.9+0.2a 4.4+0.2a

i LA S ARUEDSE” (n=5) FoR s MR FRE (a) FORAN 7 A0 H0 R () B N A2 7E B35 25 57 (16 0.05 7K 1, ANOVA) ; As5 I 5 mg/ke
A AR FEZH Treatment with arsenic concentration of 5 mg/kg; As15 BRI N 15 mg/kg MIALBEZ Treatment with arsenic concentration of 15 mg/kg; As25 .
BV E Ry 25 mg/kg MIALERZ] Treatment with arsenic concentration of 25 mg/kg; Ea : %A% WU5| Eisenia andrei; Ah W11UIE & 1l Amynthas hupeiensis
Me: MM ) Metaphire californica ; My TBAB W Metaphire vulgaris

B 5 39 b e JEE R 36, i A e ) i 3 RD b e B i 3 R B — A i A (P<0.05; &1 1),
AsS Ab B 27 102 Jk 0| 2H SR R 11.8 mg/kg, {HAE As25 Ab 3 HA i B 5 45 = 38.1 me/kg, N 5]
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TETE As25 Ab3 A5 (28.9 me/kg) /2 H As5 AbFHH1(7.01 mg/kg) 9 4.1 £, [RIAS AN [m] Wi 5] 7€ ] — +- B Ak
FRZH h B R AAEROR 22 5 0 4 Pt s A R A s B U Ny « 22 A 2 RG] (1.93) > 22 1 2% P
(0.80) > AR (0.78) > WIALZEH 5] (0.52) . UNALFE As25 wfiinH s s 2 2 A2 50 21.3 mg/ kg, i AH R 4b
PR b i WA R B 10.8 me/kg, ML 1 FRATAT UG 8 -8 afIE 8 2L As(V) 3, As(111)
A 17.0% , TTER/ S i s 2N, SIS LL As (D) Sy 32, o5 il & i w35 80.7%, [a] I 722 i %
Ji: ] gy 2 2 e RS 2R 4 AR, 32 2 AR ET SR ( Arsenobetaine , AsB) M3, i 11.7% , 96 B Y
HANKI T F AP AsB,

] WiE [ 48 B As(V) [ Asl) [ AsB
Ea Ah Mc My Soil Ea Ah Mc My
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Fig.1 Arsenic concentrations and proportion of arsenic species in the soil, earthworm body tissues and gut
PR A C . Xt HRTCHEIEI 20 5 As (V) - T A Pentavalent arsenic; As(1I1) : =4/l Trivalent arsenic; AsB : FE 30K Arsenobetaine ; 248 L B){H +
WifE2E” (n=5) K7~ Ea: R MW Eisenia andrei; Ah . BACAT H W5 Amynthas hupeiensis ; Mc ; VN FE 95| Metaphire californica ; My ; 38 4 i 15|

Metaphire vulgaris

2.2 RIS bt ] 7 1 A PR R U R 25

MEEA B BT, IR ] 18 2 (B AP AR R 22 5 (K 2) o Wbl pH (B2 6.74 % m T 1 1
HERY pH (E(6.11) , B 738 PN EBR (125 mg/g) FILE AT IAEMERR (56.2 me/g) & i & T L3 b & i (405
4 33.3 mg/g F10.48 mg/g,P<0.01) , IeAb, b 517 18 N 5 4 J8 47 (Cd) &1k (2.73 mg/kg) 2w T LT 4R
HH (0.2 mg/kg, P<0.01) ,

F 2 AHFR L BEFNGE S| AR E IR L 1 R

Table 2 In situ conditions of the soil and earthworm gut in this study

S8 TC/ ™/ TOC/ Cd/ Cw/ In/
pH C/N

Parameters (mg/g) (mg/g) (mg/g) (mg/g) (mg/g) (mg/g)

F-1E Soil 6.11£0.2a 33.3+0.5b 4.40+0.1b 7.65+0.1a 0.48+0.1b 0.2+0.0b 28.3+2.7a 116+6.2a

A3 Gut 6.74+0.1a  125+13.5a 28.2+4.5a 4.47+0.5h 56.2+7.4a 2.73£0.9a 25.3£3.6a 147+28.7a

TC . BB Total Carbon; TN ; B Total nitrogen; C/N Bt Lt Carbon/Nitrogen; TOC ; & HLBK Total Organic Carbon, DL« BIH+ARMEXE” (n=5) F/R; F 1 (ab)
FORAN AL S ] B A7 4 1 2525 57 (76 0.05 7KF 1, ANOVA)

JIT A it 28 AR R v 8 U RN AT IS, — R S B 9 903 591 A BT, iX 4L Y )
R4 97% HA I JF N T OTUs RS, HA5 5] 95 900 4~ OTUs, Hrp + 41 OTUs %0 H (36 294) 3 = T
Iz OTUs 8 H (P<0.01), [l BF, - 58 F ok 45] iz 18 40 8 A 7% 20 B o M AR FE 22 5%, BRI
( Proteobacteria) , J& B% B [ ] ( Firmicutes ) , 2% 25 B ] ( Chloroflexi ) , i £k T '] ( Actinobacteria ) , F1 R #T & ]
(Acidobacteria ) 72 T3 TP AR EETE , BATTTE R HE b o 98 00 LU 9] 5 38 73.4% T 4% 1 Wi 451 iz 38 9 A A 3 T
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FAR B, FEIR R , SRR AL A, B AR A B BT BN 76.6% (B 2)  Horp - ERFF R ]
(9.3%) W1 B E & T4 IE N (0.7%) BIFE (P<0.01) 1 H 82T T (11.0%) £ B E T4
A W51 738 Y (28.0% ) f 2 (P<0.01)

100
07 o S
[ Tenericutes
5 [ Gemmatimonadetes
% [ Verrucomicrobia
2 60 [ Crenarchaeota
::d —§ [] Planctomycetes
g_a [] Bacteroidetes
= s [ Acidobacteria
'*E 40 | [ Actinobacteria
E [ Chloroflexi
[ Firmicutes
[ Proteobacteria
20 -
Soil Ea Ah Mc My

f(Aeromonadaceace) 2.65%
Streptomyces 2.38%

f (Ktedonobacteraceae) 4.96%
Bacillus 3.13%
o(Solirubrobacterales) 1.48%
Clostridium 2.82%
f(Isosphaeraceae) 2.65%
Pseudomonas 3.40% 3.99% 1.76% 3.25% 2.23%
f(Gaiellaceae) 1.13% 2.19% 2.45% 1.56% 1.83%

[ (Rhodospirillaceae) 1.29% 1.89% 2.53% 1.48% 1.30%
Candidatus Nitrososphaera

Flavobacterium
Rhodoplanes

f (Xanthomonadaceae)
f(Koribacteraceae)
Candidatus Solibacter
Candidatus Koribacter
Kaistobacter
Flavisolibacter

f(Nocardioidaceae) 1.57%
Mpycobacterium 1.20%
f(Micromonosporaceae) 1.09%
Rummeliibacillus 1.04%
Verminephrobacter 2.63%

Soil Ea Ah Mc My

2 - iEEAnhE S| BRI 40 B B R TE I T FIUB K F _E R R 4R B ANHE XS
Fig.2 Composition and abundance of bacterial community of soil and gut at the phylum and genus level

P F A7 TR 10 AN = BE A AN B8 20 A, B34 UF A < Other ™ 28 51 5 e 461 o SOV RS 28 B T 1)« Proteobacteria ; JEBE T 7] ; Firmicutes ; 4% 25 T
] : Chloroflexi ; iRZE 1 ] ; Actinobacteria ; BRFT 18 ] ; Acidobacteria; #1FT & | ] : Bacteroidetes ; 17 & [ | ] ; Planctomycetes ; 5% 7 [# ] ; Crenarchaeota
PEET] : Verrucomicrobia ; 2 Bl 1] : Gemmatimonadetes ; 2K BE [ [ ] : Tenericutes . R /R T 3 B e = AU AT 24 FhJE ZKE BRI RS,
JEAE R R E 2K 2R (CRRal K ) (PR 2 A, B (0 B LT 3R = B e | B (B R AR, PRI e SO R,
R 2 MUAT 5 I8 . Rummeliibacillus ; SR BL : Micromonosporaceae ; 53 S ¥ 18 J& ; Mycobacterium ; 2535+ [ 1# B : Nocardioidaceae ; #5 {0+ JF 15 .
Flavisolibacter LKA # @ . Kaistobacter ; B} B[S & B . Koribacteraceae ; WA B B . Xanthomonadaceae 4N WS s Rhodoplanes ; WA S .
Flavobacterium ; 21 Y2 B F}. Rhodospirillaceae; 5 5. Jtl % J& . Pseudomonas; 7t R W F. Isosphaeraceae; ¥ W J& : Clostridium; 21 7 & B .
Solirubrobacterales ; 2 fOFT T & : Bacillus ; ZF AT H B : Ktedonobacteraceae ; £ 75 14 J : Streptomyces ; S HJTE R Aeromonadaceae
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IR (18] 2) R 1 AR i 45 i JE RN PR SR 7K1 B AN R VR 2 25 5 3B 2 Uy AR A
K, EEREME Kedonobacteraceae FIT 5 WAL 5.0% , 1M iy 18 P9 AA: P40 75 2H A D01 58 48 A0 o s o]
F3EAS i W51 i 18 N Aeromonadaceae -4 B Eik 16.9%F1 19.5% AN, £33 Candidatus Koribacter 13-
N 2.4% , G 17 e T A 351 A P A R (0.1% , P<0.05)

B 1 A P 2H UL o3 A7 AR 22 5 LA RN M s i a8 A P B Vg i AR A A e B 25 5%, 3 rp 2
AEAR AT A R N | L R U SR A AE RS, S0 AR TR AR AR I, 35 5 50— b 5 23 AT A 20 0] 1Y) 2% i s gy T
2R B R BB BT (Adonis test, R=0.94, P<0.005) . [l i 22 852 e il 11 80 -1 32 5 061 7 a6 4 B 9 SR 4R
TEZCANTR T3, W00 4 M R 30 A2 s | 3R B A e ) = D7, 3K 7 26 M 1 P R 2 89 5 — %l 18 3% 70 JT ( Adlonis test,
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Fig.3 Beta diversity and alpha diversity of bacterial communities in soil and earthworm gut
Pl - SR 451 3 2 BT beta 2RI 5310 EUZ 5 T Bray-Curtis FEES (19 32 AL KR 431223 1 14 5 1 22 181 7 - 38R 38 40 8 H 7% Shannon $i
Hm 225, AR TR (abe) R RIS ML TR] 19 4078 ZAEPELE 0.05 /KF EAFAE 835 22 5+ (ANOVA)

2.3 A5G g T G AR D0 S 2 A [ e

g P IR LA SR 4 bt 1 17 3 PN AR 2R, LA A 17 A R B SRR OR 2 S B X
L L AR PRSI B AR T ) 2 Bl 22.7% , 1T As25 Ab 3R FL i 38 NS T 11 0 B R B R 13.7% (P<
0.05), &4 J&7R T 4 Fhiz 451 )i 38 R F- 20 BRE 3% 32 224l i o 09 22 Ak, BT A i s i 1 D fBR N TR R
( Pseudomonadaceae ) i) 3 & Bifi 75 -1 SRR B A0 488 i w7 2 & 08020 ( P<0.05) |, 25 0 #T & Bl ( Bacillaceae ) , gl Bk
B} ( Planococcaceae ) FE A VAT B 5] , 22 1 52 e | 0 M s 451 i 28 P9 2 R e %) sk 35, B0 Jh 25188 i ( P<0.05)
AR T oA 3 b ] | 6428 J i P A PR 7 AR A A /b o I o IR 32 e 2 2 30 R A0 i T A0 TR R 2 R
I As25 b3 WAL I W 1E N A TR 2R Chaol F45 ik 2 5 T X REAL A T As25 A $HLZH 3 75 s s i 16
AT Z £ Chaol 840 KT X HRAM PR ( P<0.05) . 1E 1T Adonis test FoilJ0h, & Bk B Il 25 ol AR
4 Fof b 851 g 38 A A M 25 AR 2K (P<0.05, 181 3)
2.4 AR AR Z R TR S A R R

- I e W51 i A o P — AN B 17 bR 0 A W R AR (BT 5) O B R A R AL R H
T N EEREH (P<0.05) o Hirp 3 ep okl 3 i i AL BE DR B H e 2 o 17 A eI b e 15 151 38 A
T3 3 R H e oA 7 A AN AR I e ol AE - S sl i 8 N AL L R A B (P>0.05) . BbAh
R it H AR 2 A 5 DR X = BE A R DUV LA 0.56—0.63 5 DL/ RE A G, SMIE AR A9 7S In-a 15 A 9 el A e v
Tt P 5 PR 10 = B L e s g T PN 6 AT ) = B2 A48 A 3 B, eI R 0.05 5 DKL 4 4 i ( As25 b BE-T AL I

http ; //www.ecologica.cn



386 A EF E MR 2 &
Ah Ea
16 16
a
[ As5 a
[ Asl5 ab
12} a B As25 12 ¢ a
ab ab a
ab b

81t b b 8 | b
X
E 4 ¢ a a 4+ 2, b
g a ab b
ol [ A1
< 0 0
E M AR REEWER SRR BRER AP ER RERER SRR R
& 16 Mc 16 ¢ My
H#
&
EZ 12 12 a

a @ a .
8| L a a g | a a
b a a a
4t 4 +
ab a b ra
| s al WY
0 0
R AR SRR AREEAR R HIAFAER R ShREERERE B R
2 J % Bacteria type

4 FBAEIFIE R AL E TRUK FAE N E R ET L
Fig.4 Different changes of bacterial families among arsenic treatments in different earthworm gut
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Fig.5 The detected number and relative abundance of arsenic biotransformation genes ( ABGs) in microbiome of soil and earthworm gut
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