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Abstract: With the rapid development of molecular techniques, gut microbiota of animals have become a hot topic in the
fields of medicine, animal physiology and microbial ecology. Soil animals, with high species diversity and wild distribution
are important organisms playing significantly functional roles in terrestrial ecosystems. Associations of microbiota with their
animal hosts are evolutionary products of interactions between the two parties. The animal — associated microbiota may
indirectly regulate ecosystem functions by influencing host physiological functions. In the recent years, studies on gut
microbiota of soil animals have gained much attention. Here, 1) we summarized the current research progresses in studies

on microbial community associated with soil animals: Number of publications of this research field increased, especially in
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the past decade; most of the gut microbial studies focused on soil model animals; frontiers of the research topics included
species composition, co —existence and assembly processes of gut microbial communities. 2) We described microbial
compositions in soil animal gut, and introduced the common approaches used in the field; Dominant microbial taxa included
Proteobacteria, Firmicutes, Actinobacteria and Bacteroidetes; while early work was mainly based on culturing methods,
new sequencing technology had advanced the field recently. 3) We described biological and ecological functions provided by
gut microbiota; Gut microbiota could help soil animals in digesting compound food resources, participate in host nutrient
assimilation, affect host lifetime and reproduction and adjust host immune capacity; they may also indirectly affect gas
emission and mediate nutrient cycling in soil ecosystems. 4) We discussed the main drivers, including host attributes and
environmental factors, that influenced gut microbiota of soil animals; The gut microbial community was closely related to
host intestinal morphology, phylogeny, feeding habits and developmental stages, as well as habitat and environmental
pollutants. This review can help to understand composition and diversity of gut microbiota of soil animals and advance our

knowledge on the roles played by gut microbiota in soil biodiversity and ecosystem functioning.

Key Words: invertebrate ; symbiotic microorganism; soil ecology; biodiversity ; driving factor; animal-microbial interaction
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B S HA A L B B RAIR SO BRI N SIS I T8 6= 9 5 s E R B G
FEEMBR A 2) HIESY i R Y 2 B RS AL JEAEHLE Y R TR R )
WA IS A Y AR A U T 5 3) T3S W i 1B A W © e B 22 R P 2H 1 e 3] 3 i 66 PR A Al
WITRSE , Ha 7 Il b 0 5 - 3 sh W 1 8 22 T A G M B AR LA > 5 4) I T S E A 5 H s st A
TGS RYma N . N JETE B R R s e A2 AR O R R Y PR Ak B A ()
B S AU s W AR W) A PR 138 Sh Wy 0 A ST Sl A o LML, %k -3 A= ) 2 RE R R 5 N S {dRR
FERRG RS R R LK,

2 TEHYMBERENSHEEERSHRTTIE

2.1 HESYIIE EEMUEY)

21 B PR AR 2 (0 S SRR RIS R BT E R sh I B R ) R R G, RIS iE
MAELBIERE LA F 1] ( Proteobacteria) . JEBE B 1] ( Firmicutes ) | iUZE # |1 ( Actinobacteria ) F1LFT & ]
(Bacteroidetes) 2, HAS B ] /2 48 U 26 |k Hy | e ] 55 22 50+ e Sh W) S B W 1 ) A A A 34 e 1] (3R
D) ERTRAMAA KRB T/ EE, 1 Zheng 55 BFFE & I, KM AE T 448 4% i 38 4% 0 40 11 D A 45 28
W10 HT 68 ( Enterobacter ) FFT 1 J& ( Ancylobacter ) , NS5 G EY RT3, Holmes %1
oY & B, B W M X U Alaskozetes antarcticus K N D8 3 4 T 40 A Actinobacteria . Flavobacteriia
Sphingobacteriia , Gammaproteobacteria 11 Betaproteobacteria , H .41 718 41 & % Actinobacteria 41 , FHAD DU 40 B
20 0 R T 2 P8 40 R S T o 2 31 S [ & 3 o B ol M R R R TR I 2 30, Xiang 45 & 3
AN TR Bk H 1 0 T8 A B AV A R 2 N A 2 2 S (B TR T RN B T 2 AT B ) A P Bk
W mE A ], B H g8 Thermogemmatisporaceae . Brevibacillus F1 Novosphingobium WFHX} =+ 5 Bk Ak
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ERFEIE NG, Lin 5B DU R 25 + 88 55 55 bk 1], & BR0 5 - 38 R0 B0 0 A B i 1] g o O 5 40 B
Proteobacteria 1 Bacteroidetes FYAHXT 3= B i 2 5 T /& 78 + 3% 1 HL %38 Firmicutes . Actinobacteria . Chloroflexi
1 Candidate division TM7 FAEXT = B2 W 4 AR TG 58 138, S 40 SUAT IR T TH0A 2 R R s f s g i v
F AV ESANE . DL EATSEARAR T, S ) 38 TR 2 AR AN AR ) T S B R 2 A A
—EfEtE, HSm EMEAERK KT S EARC,

®1 TELEEDVGEREREMAR

Table 1 Composition of dominant microorganisms in the gut of soil invertebrates

R 5L (CES A e SCHR
Soil animals Hosts Habitats Microbes References
2k it Nematode R 53 A% R [t A 4358 Proteobacteria (51.95%) , Bacteroidetes (19.80% ) [20]
. Proteobacteria (40.3% ), Chloroflexi( 13.7 Firmicutes
Dorylaimus stagnalis 2 TN HUIE -4 roteobacteria (40.3%) , Chloroflexi ( %) , Firmicutes [34]
(12.3%)
Caenorhabditis elegans =N LR R Enterobacteriaceae (48.9% ) [12]
Actinobacteria ( 33. 6%), Flavobacteriia ( 15. 3%),
12 Mite Alaskozetes antarcticus R i 28 1 Sphingobacteriia (11.5%) , Gammaproteobacteria [28]
(11.3%) , Betaproteobacteria (10.7%)
Proteobacteria (62.4% ), Actinobacteria (23.4%) ;
Oribatid mites ITEEY:9 N Ascomycota (67.4%) , Basidiomycota (14.1%) , [32]
Zygomycota (11.7%)
s L i Proteobacteria ( 38. 2% Actinobacteria  ( 13. 1%
#kH Collembolan Sinella curviseta FENEER R rol conac er'la ( ), Actinobacteria ( ), [35]
Acidobacteria (13.5%)
. . - - Proteobacteria (42.4%) , Actinobacteria (11.2%)
ch od R i ’
Onychiurus yodai FEPLBR LR Acidobacteria (10.4%) [33]
. Proteobacteria (40.6%) , Actinobacteria (11.9%
Folsomia candida ENEER LR m. covac er'la ( b) Actinobacteria ( ), [35]
Acidobacteria (12.1%)
Folsomia candida = N Y3 R 57 Proteobacteria ( ~70%) , Bacteroidetes ( ~30% ) [29]
Folsomia quadrioculata A& P Tl it e - 4 Proteobacteria (38.6% ), Firmicutes (16.3%) [36]
. . ., - Actinobacteria ( 44. 2%), Bacteroidetes ( 29. 7%)
- g i ) )
Folsomia candida ENHOEH LI Proteobacteria (12.3%) , Firmicutes (11.2%) [24]
Ei brya nivalis , Orchesell
rlomobrya nivais, Urcheselia Ascomycota(48.4% , on anverage) , Basidiomycota
Slavescens , Pogonognathellus A [33]
L. (16.2%, on anverage )
longicornis
o . Proteobacteria( gizzard+foregut,74.35%; hindgut, 65%) ,
5] Fa o2y 2
#248| Earthworm Eisenia fetida e Actinobacteria ( gizzard +foregut, ~8%; hindgut, ~20%) [37]
Eisenia fetida BTG Proteobacteria ( gizzard +foregut,93.9%; hindgut, ~90% ) [37]
BNk E + 5 Actinobacteria (57.5%) , Firmicutes (20.7%)
Metaphire sieboldi . ’ 26
etaphire sicboldt o2 3 Proteobacteria (13.5%) [26]
. Proteobac 49.42 Fi ~30
Eisenia fetida P L ro%eo acteria (49.42%) , Firmicutes (~30%) , 130]
Actinobacteria ( ~20%)
P “leric 2. Bacteroi s (11.
Kisenia feida R Totgol)a(terla (162. 66%), Bacteroidetes ( 35%), 130]
Firmicutes ( ~10%)
Eisenia fetida FNE AR Proteobacteria (62.69% ) , Bacteroidetes (16.61%) [30]
. . Firmicutes (46.2%) , Proteobacteria (19.5%)
E S ] S I )
udrilus eugeniae N Actinobacteria ( 16.5%) [38]
. . " Proteobacteria (34.5%) , Firmicutes (32.4%) ,
Lumbricus terrestris < /"l'?_',u‘ 39
umbricus terrestris il H’LﬂiJ;&% Actinobacteria (20 9%> [ J
Lumbricus rubellus LGN TR Proteobacteria (50% ), Actinobacteria (30% ) [40]
, . Proteobacteria ( 78%), Bacteroidetes ( 18%), Firmicutes
215A Diplopod Trigoniulus corallinus = NP AR (Z(z;e;) acteria ( 78%) acteroidetes ( 18%) Irmicutes 4]
0
Cylindroiulus fulviceps NGESRY Bacteroidetes (46% ) , Proteobacteria (37.5%) [42]
Cylindroiulus fulviceps N H’ﬁ% e Proteobacteria (72.2%) , Firmicutes(16.7% ) [43]

PR A EE KT 10% (Dominant microorganism with relative abundance >10%)
FLTE 2 HEsh Yy g e 2Rk e e e IR A S I N BB RETE AL A B TS
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Gong %5 RAE T 1B MM 7 Fl g 38 3 7 16 FURR 1TS2 XA 1 FF ik g 3 LR, 465 R Ok B H 6 i Y L
B UL T2 ] ( Ascomycota ) \FHT B[] ( Basidiomycota ) 134 &1 ( Zygomycota) i 3, HAH LA E 415, I N
FL 515 Ehx ARE R R K R EEY), 2R | e s TIHEMEY 5 H M E B R AESMN LR,
Anslan % BFSE T ARARAG Bk e i 18 B VR, AT R B Ascomycota Fl Basidiomycota 2 Bk HU iz 9 L #5 EL
BT, Hok d i N BRI 25 A B 20 A i 22 5, SR RAE N R 220 6 L B I A e AT e [R] e 4h,
Sapkota 252" DLE b - HEAT S HF X4, i 18S rRNA LD 4 ARAFSE T ML U517 P ELAZ A W RE VR 54y
KIBEE AN, Cercozoa , Apicomplexa ,Metazoa ,Ochrophyta 782 e 45| iy PN A5 $ ELAZ A= W), [6) s 463 7R 1 ke | g 3
WUEYRIAAAE R 2 IR 10 28 AR I 8 R () AR O RIS e - M S REMWRESEXEKR,
22 TIESYEMAE YR DT

155 39S W TE B A 0 43 B 0k B ST A 3 8 R Sl AR G SR (0 Al 10 5 g o R R TR AT R I R %
A A AR R R A Y 2 REE R I RE . Tneson 2510 X KA+ 355 [ 3 Oniscus aseilus F1 Giomeris
marginata E-H) 18 M EAERA W) 53 B TR, RN EY) B B2 0 40 TR A 31 5 2R 3 A fh i ge
R NEY) Wi S o 2 R AR A LT REA B % 22 7 . BARAEES R EOR RO LS W I A 2
FEPE K Sk D) B i BT B, (H i T4 K 28004 9 B A v A REFE 5250 3 85 97 | DA 32 BIRE o B8 e i i
TREE R BR P, A A5 32 B AR ME LB A 2 W AR 2SR 98 0 3 i, 1T A 1985 4F Lane %5 fifi 16 #2414
RNA FESIWT5E 40 i FEAL O 3R DR SR G M =0 N (PCR) (R DR SE B SCPE I M i (GCL) A8 PR A B8 B e v VK
5 (DGGE) il B 45 5 B i i JK % (TGGE) | BRI 4 g D) BER T 2 5 Pk 20 M vk (RFLP) Wi I 105 19 ¥4
(PLFA) ZOGIFAI 24581 (FISH) (FERLE R (168 SCPEN T 45 73 1A W) # HoR 2 A Je Hopk )iz iz Tk
WIRETE S AT T S SRAE R | DL Rl P AR AR TF B, 2 I AL e A R R LA AR A A
Lo TR B A Bh T A YA R AR g R e XS ik S AL G Al A 8 3 T 1 PR
R REERR AR A SR A B E W I VA 45 4 A TR R DB AR AR RIS I T A W) R
WFFEH , Anslan %54 25 & SlR% 37 0 R0 8 f50 7 B R B 78 - e R Bk i T B LM 36 BBV 5 W S A
S R e T U B AR L 35 R R BB A% 30 AT T R Y LB 2 R L Dirksen 851 ) v 2 0 P B R 9T
SRAEIRZ M TE R BE, KL Pseudomonas JEPL M JE , #E—20 X} Pseudomonas AR #7453 B ¥ 2 IF A THU A
R, K IR B =P R A TP B R AR B G, DRI, 45 50 2% 40 2 W 2 BOR vy 3 6 0 7 R 4 2
FREARX ST s Wy 1 1B WA P T R Al S S RS+ b 2L

Xt F AR AT+ S gh Yy b )7 g e 2 2 O T R v g SR, T ST
WHIEHZ N A, X T b A A 8 Sl an ik R a2 A ) AR AR 0 B AR W) R AR S 1k, AL R
A3 o N - e S ) AN sl R A3 v R - RS T L e AT VAR RN, FL R i A SR R A S L
A — SRS 3 FH M A 2 B3 A 4 14y SRR AT 5 G P 5 T 2 T e 25 B MR R 1w 2 A O TR R R
HHIR] . Zheng %50 F 57 28 HU I8 TR 0K R HBOA 2% A TR SRR SRV TR B 105, Ji5 FH G A B R 56 2% v TR
B 4 R IPH e — U IR T LB AR T PR B 35 97 24h R WAL BN 7%, X RUIZ dU AR A 2L
PR SE AR BR . Gong A5V WY B T RESCASE HUEE & 1% Tween 20 THRTE 2min, ARG 5 2 98% &
B IER Smin, HEE 2 1% Tween 20 TPHER 2min , FEFEHS 2 5% 155 P50 HHHERS Smin, 55 1E 1% Tween 20
HOIRE 2 R IR B A Y . Hao %504 S04 35 i A 106 Bk A BRI RS ok LA /0> m A 26 T Bl A 0 i 85 i, 422
B AR BN W R IC K A TUR R o HAR N BAE Y , TiE EJR , BROOR B AR R BUE Y b5 +
S B TR R BLORAEAR] (B R A F A4, FITTBE R IS 3 2l W) SC R i A o 3 Uk Iy
S b Al g T A7 AR R 2 0, T A B 4 R I S 4 L P 4 T Wolbochia ™ 3 41 | i i 63 i 18 A ok 4l
RERRAAAE T RN, S EUGE AL A Y I A Sy 38 | DT 5 M7 308 Tl 2 ) e v 2 A S 2 1)
SERHE . PRI O YA A TR 2 Gl A A B AR A EL A 100 2% T | ) T D TR AR e i 43
Bresxd Ak H AR 7910 00 KBRS 40
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S Wl 1 U P RES U Bl i I AL B BRI 2 AT T A 200 TR A i AR T IR A T
Bk P RS RS R I Y SR RAF R AR B A IR D) s
Jo T8 v A B AT T B T R T R AT R b G S A ML TR i 2L Yang 261 & B Enterobacter
asburiae YT1 F1 Bacillus sp. YP1 SZEJEAUE Plodia interpunctella 1) 9117 18 KA 5 o0 F 58 O M E YN |, %0
SE T URE WY i 5000 i 108 200 7 ) R gt A B B2 . Agamennone %5 I 72 36 DR 41 S5 4 125 0 e B AR 5
T HARAEBE P AT B N R W 2 S T RE R DR 22 R | D S SRR N A B A T B R K Ak S
YA T BERE DN 387 T il A= Mroxd 2000 o o0 Ak O T P . T T B DR A = W S 2 R R o011
JR A SR R i R A
32 R RESR

+HEEh Y B T S I RE S s R R A S A K R B . Borkott % #F 58 & B Xanthomonas
maltophilia 1 Curtobacterium sp%Ef@@lﬁ%ﬁ%%%Tﬁﬁ%ﬁE%ém%,Fﬁlﬁﬂﬂm%?ﬂTﬁ/ﬂﬂﬁﬁJkﬁﬁ SR
Bk e A e S R X P R DU B R A T A A A A P T S e B ROG JL T R A IR Xiang S
5 & PR AT Bk 1B 55 4E 9 Thermogemmatisporaceae | Brevibacillus F1 Novosphingobium FAH X =E B 55 Bk d A 5
SEIEARDC . HA IC 5 HE a0 B s R 5 2 4 R DG BIF 9 A I S5 i T AR P e 8 £ A AR Y Y
INEOT L eAh Ay s gy Bk RO A S RN IR BT T E Y Bk U e B
BELE ECRR Tkt P B LT T A i R B 20 i T A R 0 B BE O S e B e T A 43 e I
— A REERALTE E RO E Y MR RS R G L B IR T, Wast 551 B 53t % B0 ke 51 i 3 R TR AT R
o R R 200 T 2 e BT A 0 B0 Sk, BB D i S TR R E SR
3.3 SEmfE I AR A S

B I T S MR s A A A AN EAE . Houthoofd 451 BF 98 & BR, JC 1A %5 37 1 VA T 75 N BT 28
PUE AR A AN M 5 D R , HLIC TR 2% -2 s 1) % 75 I T RS 5 A Jin 7 4% . MacNeil %517 F =
ol 240 T W £ 55 T AT 6 L, R EE R KA AP 1T OPS0 AR AT T HT115, MEE A BB TA DA1877 /b T
2R A R W) I PR A TR DA1877 £k HU Ry 3 iy AH Lo FCA P A A0 TR R KR, BN SRR T
Wolbachia WA HE BE#E T 20 BP0 SRt TR Wolbachia 7= 15 A% 3 2 R A: W) R AR S o 4 1
EEGHATHEEY R A MY S S TR AT, A Akduman 257 RLZR HURBFTE R A
KL B Pristionchus pacificus A Novosphingobium RERZ I I FLXT 75 TR B2k SR F & BE ) ,ﬂﬁ%ﬂ?éﬂi%
PRI HEE R B, SR A B AT AR I E R
3.4 EmEfE ERRE

Dirksen %5 BF5% [ 4R £F 55 75 T Be AT 48 Uil 8 3 A 0, k3 HC T 3 o9 R BRI T MYb11, MYb187 A0
MYb193 X B A= KA M 18 T, 3208 7 2 i 0t BB R TR AR 9 3BT S5 B, Agamennon %5100 5 Fibk iR
Folsomia candida , Folsomia fimetaria ,Orchesella cincta ,Sinella curviseta F1 Tomocerus minor il 53 E5453) 46 )7
TEANTE IR AT PRI MR ST, A B3 88 (R B A0 T v, 76 9% A= ) RE A0 T 200 TR S R S A A
Ml T8 A AT 519% Xof 40 TR L DR S PR 3 A A AR . Tatsenko 557 AF 5% & B0 55 T B FF- 48 o 38 Al o 25
FEFF IR ( GS67 ) 1 i T 2 HURT A5 22 [ BH Mo T o1 A it , LR IR 282 A B 2R A0 B ™ 26 1) R B P I
BEAT Bt A 22 RHT B A A A 2 00 s D A 2 0 P A 2 A AR = 7 XS g R s T e
Y fn 3B AR W AL ) VT BE S = 1 R S BE T

5 ANEWEIAL, TS 8 R AR BRI £ A R A W AFTE O TR . 3K 2B TR Y 22 /0 R 2 ] ) AR AR =X
PLE T AR E EAMRIEER IS . BFFE KPR, BRI EL B Heterobasidion annosum #ERHMNAEAE T H 4R
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AR P B U B R A Rk AR ROR B A AR, Garigan S5 BULR A 1 S0 4 1 1) 1Y
S5 R ECT 16 ERSET HEW R AR IR EOR A SR P RS R . Y s i e A 22 3 A AR )
IV R R, FIE 08300 ek A T A R i P G oxe s D 7= A4 i J3E 9 S8 M7 B0 4 VB TR s 4, DL RO i 2
P TE A ) GBI XS HU X WU T R 7 LR 22 14 i T AR ) T BB S IR AR
3.5 ZHEBRGERANEF

TS S LS R G AR S R AT £ MR . RIS IR A SR O S
EHEA LTSRN A R R IR 7 S e T G T RS A S 2 IR T A A SRR
P A T S A B AN BT A AR SRR K B AR A AT A R AT T ORI S i HE s TR
Bt M RBREIEER . 5380 BFTE R, WAk HUR BRI B AR A7 SR LS Wik
PR W Wt i 3 1) 156 S T A% TR 4 F T, S0 SR R e W P A ) 1 R R P A P, B2 152 i ol A
WIS AT HLS A R, S Sl W) I T B e A R AU HE T i s S A AR R N, O 5 HC i
Rhizobiales ZH A %' ™' Methanobacteriaceae 1 Methanoregulaceae 718 4 7 ¥ i 18 5 CH, Bl g o7
WAL, 1S I R P R S oA T TR 1R AL, WA AR P RE RS A S e Y B 2
R, 3 G E BN & SRS W AR S R G TR R R

4 TEFYHEREDSHEENEEZZMESR

4.1 B LA BUR 2

R S R I X B 9015 0 R A AU M 7 TR K 5%, BRI P B T
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