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Bibliometric analysis in the field of cellulose-degrading
bacteria in insect gut
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Abstract: [Background] Cellulose-degrading microbes in the insect gut have gradually garnered
attention from scholars. Despite the increasing research papers, systematic reviews and visual
analyses of these publications remain scarce. [Objective] To explore the research status and
development direction and provide a basis for the subsequent research on cellulose-degrading
microbes in the insect gut. [Methods] We conducted a bibliometric analysis of 193 papers about the
cellulose-degrading microbes in the insect gut that were retrieved from the Web of Science Core
Collection with the time interval of 1995 to 2023. The analysis encompassed various aspects,
including publication counts, keywords, host insects, research methods, and microbial species.
[Results] The annual publications of cellulose-degrading microbes in the insect gut generally
showed an increasing trend. Frontiers in Microbiology had the largest publication count, and
Microbial Ecology maintained the highest total cites and the highest average cited frequency per
paper. China ranked second in the world in terms of publication count, whereas its average cited
frequency per paper fell below that of six countries (regions), including Japan, the UK, and
Germany. A total of 49 host insect species were counted, of which agricultural and forestry pests
accounted for 77.97%, followed by property pests such as termites (11.86%), and Coleoptera had
received increasing attention for many years. A total of 135 cellulose-degrading microbial species
in the insect gut were involved, belonging to 63 bacterial genera (such as Bacillus, Pseudomonas,
and Klebsiella) and 14 fungal genera (such as Cladosporium, Gliocephalotrichum, and Penicillium).
Carboxymethyl cellulose was the most commonly used test cellulose, and the Congo red hydrolysis
circle method was the most common method for verifying the function of cellulose degradation.
The conventional isolation and culture method played a key role in this field, and 16S rRNA gene
sequencing was increasingly introduced for the research on microbial diversity and molecular
mechanism in recent years. [Conclusion] We conduct a bibliometric analysis of the publications
about the cellulose-degrading microbes in the insect gut, which helps to deepen the understanding
and provide a basis for subsequent research in this field.

Keywords: insect gut microbiota; cellulose-degradation; bibliometrics; CiteSpace; VOSviewer

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



4756 (YIS Gk

Microbiol. China

REMEEE, BHALBGEEKR. 210
BB —A s B U T A S A
HERMMAEY, KM, xR
M EMAEYE EEFREL . ARET . MR
itk | fE RS HA EEERY, SR MY
Y RRLRE R R BURLSY, SR HER E AR B ]
AR, (HHSME S, RNy BmEY, B
A ) T i R AR 2 R i — P O AR Y
20T, DR R o g A 0 1 2T Ak R R D
WA KT

SCRRTH 2R B . SCRR 2 RN GE T 5
RIS A TRE S, W &k SCEZ GBIX)
MR . AR T DL S S B 1) 55 5 WU His 488 7
TSI A T BIAR . kR e A 5 DTk Y
LR B AT, SCERT R ATz N T
Al | BE2E | Ao KORSE Rl UV A AN
EA 2 A SCE R W i TR B
TR Y SR B B ST SR B HCF R
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e BRE BT Web of Science #Z%.05 %
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bacteri* OR flora OR fung*) AND (fiber OR

cellulose)), HrZRAFEIEEEE R 1995 4F 1 H & 2023 4
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KR SCHRIE 5 4 English. FE46GRAG2 Al5 SC
312 o BBRAFFERRT R CHE, Piaid
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ik 1997-2023 4, H 43 NEFRIX) 304 4
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v6.1.6. VOSviewer v1.6.18 #1452 21 3¢
BRIEA TR AAE A p
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21 AXEFESH

WE 1 s, R 2 2 2% B A7 i A ¢
WFFE & SCRELE 19972023 4E 58— & Wik sh, H
KR FTHES, ZSCREREN 2023 4, R
g T 2T 4 2R RS R S F 9 AR i & S Tl R
HRI N 3 ADBBE: 1997-2009 4E AH) A8 24
BrEe(D), FH4EESCEAL 2 s 2010-2019 4
T2 H R ELD, FEAER TR 85 ;
2020-2023 A4 TP & SR H B, APk
SCiE 21 B, REIB BTG, I HARREL R R
FIFAE, X1 HH B HUI T £ 2k 2R R At R O TR
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22 FZFERMX)AXIER
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PHAISEM, FEEI . AEN b X AL A
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Figure 1 Number of annual publications in the field of insect gut cellulose-degrading microbiota in
1997-2023.
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Table 1 Top 10 countries (regions) and basic information

Country Count Average citation Citation Average publication year
USA 50 34.04 1702 2014

China 42 21.14 888 2019

Germany 25 47.00 1175 2012

India 17 12.18 207 2020

Brazil 12 20.33 244 2015

France 11 22.09 243 2016

Japan 10 111.00 1110 2013

Mexico 8 55.88 447 2016

England 103.43 724 2016

Italy 12.83 77 2020

25 Jai  AH B 5 AR A 435 & A 111.00
103.43, 55.88 k., FKE ACEAEAIIE—, (H
HURE B S R A 2114 K, IRTFHA
Bk 225 6 AN EZR X)), 1 B [ A et 5%
) JoT R ) A R i o IRk, AR R
FAR W AT, A6 R SCERRT 10 ME R X)) F,
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TR -1 % A0 R 2019 4 {URF B (India)
MR KA (Italy). H b, FE RN BRI ER 27
B Y R M RER AT, IR ST
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2.3 EFREATIER

Z 5300 193 5 SCHR IR B 121 4111,
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RICHE>2 R A PIEE 34 A4, Hogr 87 R I &
SCEAUH 14 o & SCERTHT 10 25 1 HE 7) JOLSEA
FEILER 2, Hh #OCE>s R HICE 414,
Frontiers in Microbiology L) 14 js 1 & C =4
B — , Rk & SCREY N 5 R Insect Science,
Insects il Microbial Ecology. ¥ % <[]
i 10 AR A IS 2 38 >, UL BH R HURE AR £F 4
K IUIRE B TR A W58 L E & T8 B R Fa el 1
JATRE S MR A P AR R A SR o e
HRERA B TR N 6, IITLEEL
) 4.96%, FERNITTBEIC 3T, HIESURE)
19.17%. MBI E, Microbial Ecology 1]
TS5 IR 5 5 85 | OS2 5)
348 WL 69.60 X, J& T HA BRI T
o T

24 NHEERSH

Z 5434 193 F SCER3EE & Microbiology

Entomology . Biotechnology & Applied Microbiology .
Biochemistry & Molecular Biology % 49 %}
S, Hr I 17 NHJE Y — R eE R
R, WABSCA 138 FW, & SCHR R R
71.50%. & CH T 10 FARHE 8 4. 454
2% 3 A i, Hird Microbiology 49l & SC & i &

+*2 ENER10 WHTEREEKRER

Table 2 Top 10 journals and basic information

50 FE, diESCHEREE Y 25.91%; Entomology
Hkz, BRI ATR, 5 ESCREE Y 24.35%;
Biotechnology & Applied Microbiology 43, /& 3C
EHEE =, JE 30 R, S AESTERERY 15.54%. 1L
Ab, HHTSCER A 83 F(43.01%) IR T4~
DL EZERE, mULATAL, R U I8 4 4 2R R A R
GURIBETE, UETZ R T A Y — G R
TR T ), JR SRS N] B s AR T R
AH I SIRAF 5T
2.5 KEEIESH

FIH VOSviewer B4 I 7] iR . BRE
AR TS, SE153) 1291 48],
HB BRABYR B ) S B TR] A insects (47 1K), Hikh
diversity (38 ¥X). gut (38 ¥X). bacteria (37 IX).
cellulose (35 ¥K)55 . KA termites JEHEA 5 —
LR AR R RS, AR 31 %k, Hik
“h1 Coleoptera 23 ¥, =M I IUE R U 18 21 4k
RO —FEE ER R, XNizS
FBCH SR AR RE T A 5 LAt diversity Al
gut microbiota V-3 H BLAE S 2020 4, 2 H 3
AR >20 Y1) S B ) v SF- 12 1 A 0 e WG 1) O
SRR 4), LA N7 18 T A W A v S e R 2 A 1
R DG T LA G I B RN -

Journal Count  Average citation Citations Impact factor (2022)  Average publication year
Frontiers in Microbiology 14 16.57 232 5.2 2020
Insect Science 5 27.40 137 4.0 2014
Insects 5 6.20 31 3.0 2022
Microbial Ecology 5 69.60 348 3.6 2012
Archives of Insect Biochemistry 4 2.45 52 2.2 2019
and Physiology

Insect Molecular Biology 4 2.82 115 2.6 2016
Journal of Insect Science 4 3.84 54 2.2 2018
PL0S One 4 3.81 164 3.7 2016
Symbiosis 4 2.33 46 2.5 2009
BMC Genomics 3 2.29 35 4.4 2018
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Table 3 Top 8 category and distribution situation

WOS category Count
Microbiology 50
Entomology 47
Biotechnology & Applied Microbiology 30
Biochemistry & Molecular Biology 27
Ecology 17
Multidisciplinary Sciences 16
Environmental Sciences 15
Zoology 12

FPAURR R E10 G5 B AR CY — R SO i T Rl
AR PRI LA b2 BHE, o P R LA T 4 )

The table only shows category with a number of
occurrences>10 (when an article belongs to two or more
categories, it should be sorted according to the two
categories).

Fz4 BIHR>20 XX BIRER
Table 4 Keyword information with a frequency of
>20 occurrences

Keyword Count Average publication year
Insects 47 2017
Diversity 38 2020
Gut 38 2013
Bacteria 37 2016
Cellulose 35 2015
Termites 31 2011
Gut Microbiota 30 2020
Cellulase 30 2017
Digestion 27 2014
Identification 27 2017
Coleoptera 23 2016
Microbiota 23 2017
Lignocellulose 22 2018
Hindgut 20 2014

KM CiteSpace X WOS #% .05 4 54 g 1F
17 Kb B 2 i, BBHHE(Q)
4 0.787 9 (>0.4), “FIFEERE(S) M 0.901 9 (>0.5),
R RLEM B AAR, BRI 0 W %5 [ 5
P, 2 gl THEZ T 12 IERE, B

240 feeding ecology f#f community ,expression ,

cellulose digestion, cellulolytic enzyme. genes
ZE 26 P HETE]; BS#1 bacterial microbiota f1FE
16S rRNA gene. sequence. Bacillus pumilus,
Bacillus velezensis %5 24 4~Jc#in; WA#2
degrading enzyme fi#F Bacteria, digestion .
cellulose. cellulase gene. hindgut 5 21 />4
) o R SR IS Y I [ 55 BE S S IC R BE AT 43 A ]
HRIIFS NHO, #2. #9 (BT E B R K, it
WILFAE R B . 21 4 2 Tl S AL R GEAH DC B iF
FIFLEZ PR . [FIRFREH], #2, #3, #O 1Y
SR AE B, 130 B 3 JLAFE R 40 B T AR A
R A ity . SRR A B S I EE R T

A CiteSpace JE4 7 S8R 58 BE 43 AT dn 141 3
B, 45 S 3% B 5% 0 0 B i v 1) O B O]
“diversity (ZFE1E)” (strength=4.72), fUERE H
1 18 T A 1) 22 A5 1 e e ) P BB UK e =
OB TH] o PR 4R 2 I (] 4 1 DG B TA] 2 “termites
(F11)” (begin=1997, end=2013), FFLEmtE]K
iR 17 5 IRk, “lignocellulose (R £F4E %)
“|soptera (%4 H)”Fl“bioma (44 5)"% X%
S B B IR EE T B A, R R B
O B IR AL AR DA KB 2012 4FLLHT
20122018 4, 2019 4E 24 3 MBIrB. 2012 4F
DARTZE B BRI B R, IF HA 8 4EA5 il
ZRPLIR], FWIAH DS 583 Ak T2 R AR R B
LI B S R] “gut” “termites™ “cellulose digestion
(LFHER W) B B R, RUIX —KrBos
FRBEIAK R, R “expression (Fik)”
FAY B 0] 2 B 5 R 3% 08 T R 3 i i AR OC
W FE I o X BB S R IESE T R U E TR
YR 4E 2 Di6e, Wb 25 ZFEPE o 25
T AEA . AN 20122018 A4 Fh i 3R 5C B iR AT
DIEH, 18 3 B B 28 i VL “Coleoptera (¥
W H)” “Hermetia illucens 1 (ZE/K#)"%5H +,
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1997 2000 2005 2010 2015 2020 2023
{§> R + & & #0 Feeding ecology
gut o #1 Bacterial microbiota
@ & - - diversity #2 Degrading enzyme
bacleria’ igé“*“*"“"’“ #3 Black soldier fly
#4 Differential ecological specificity
e gut;microbiotasy #5 Lignocellulosic biomass deconstruction
%8? % ™ & #6 Laboratory population
i I & L #7 Bamboo snout beetle cyrtotrachelus
0 i b s #9 Digestive system
insects "‘ic"@‘ #11 Cellulose digestibility

- identification

#12 Periplaneta

2 1997-2023 £F3CHAK HE1 R AT (8 £ B 1%
Figure 2 Timeline diagram of keywords in 1997-2023.

Keywords Year Strength Begin End 1997-2023

Termites 1997  2.99 1997 2013  ———————— e
Cellulose digestion 1997  2.07 1997 2003 =———rccccccseesesssem
Gut 1997 3.88 2008 2013 o —
Cellulose 2008 2.32 2008 2010 corrrorrrooEEsescrsrssssss
Expression 2010 2.37 2010 2011 coorrorrrrorrEEereserErsEEs
Beetles 2011 2.49 2011 2016 crrrrrrrrTrrr ——
Community 2012 3.58 2012 2020 Crorrrrrrrrrrr —
Digestion 2005 2.59 2012 2014 coorrcrrresrerecESeceesssem
Systems 2012 2.07 2012 2015 coorrrrrrrororrEsereseess
Coleoptera 2012 1.74 2012 2014 crororrrroroorremesesessEs
Bacteria 2001  2.35 2014 2016 crrrEEEEEEEEEEEE
Diversity 2016 4.72 2016 2020 oo ———
Hermetia illucens1 2018  3.17 2018 2023 corrrErErTTT T —
Enzyme 2018  2.39 2018 2023 corrrrrrrrrTT T —
Sp nov 2018 2.10 2018 2020 Crrrrrreeeeeecece s
Insects 1997 3.85 2020 2023 cerereererereeeEssEsE—
Gut microbiome 2020 2.62 2020 2023 croroorororrrrroororoor
Isoptera 2020 1.74 2020 2023 crorrrorrrrrrrss s —
Lignocellulose 2020 1.74 2020 2023 o —
Gut microbiota 2015 3.52 2021 2023 coorrorrorrrrrrrrressees
Bioma 2012 2.24 2021 2023 o -

3 BEALREREXRIEARAKX AOARKRTBME.S; KEAERDAESD;
LA ARy

Figure 3 Gut cellulose-degrading bacteria keywords burst detection. White indicates years with no
occurrences; grey indicates years with occurrences; black indicates years with burst.
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BT B TR R . 2019 4 2458 B OC SR 3% ]
I AF R 1) i 98 B0 B 45l “I sopteran (B3 H )
Hl“bioma (AW J5T)”, VEHATE 3 B H BB 9 [H]
AF, U 38 2 TR B 5 T A 5 S A ) B e T
26 TEERH

HARABEE, WRRBIR 193 FHA RS
S, G TEE 46 F S R U B £ 4E R B A V)
FHICR SCRRIEA T e L A L W 18 21 4k 2R R i TR
WS 7 i M B A AE R R TE BT . 2 550
) 46 Jm SCHK o 2L 48 3 ) /) B 82 (Diatraea
saccharalis) . W% EREE 4 ff(Holotrichia parallda), 1
¥i 4 B (Rhynchophorus ferrugineus) . i £ it
(Helicoverpa armigera)ss 49 iR Hi (58 5), X 4L
B d 9 )8 T 4% H (Coleoptera, 27). fii# H
(Lepidoptera, 14). Wi H (Blattodea, 8). Hi#
H (Orthoptera, 6). & H (Trichoptera, 2). X#
H (Diptera, 2) 6 ™R MR H, K/MNi&
(Dendroctonus, 5). fifl4:ff )& (Holotrichia, 5).
¥E A 4 J& (Rhynchophorus, 3) . #F & IE &
(Diatraea, 3)% 42 M@ . ¥ H R HRTE 1997 4F 1
UNE RN IB L 4 R v F R R RE, W2
i3 R R0 E EERE, B E R R
TE W 18 21 4t 2R R fift T 0 A2 B WF 9 2 38 R R 22

x5 BERADKER

Table 5 Host insect classification hierarchy

KiE . % W Fl (Curculionidae) 5 4 1 ¥ #
(Scarabaeidae) /& 5 3 H #F 52 Fl 26 B 2 ) B IR
FE, Kohak e 5 4 faJm NSt o i 2 1)
24 E . i H S E R, WA 2015 425F
RIEZL %4, H A R AL (Crambidae) . 72 1k
B} (Noctuidae) . B R} (Termitidae) . & 4 R}
(Rhinoter mitidae) Fl1 K # ik F} (Saturniidae) % F}
PR IRER 2 . bR E SN, i H A
H#HRE 3 EHREEZME R, HdH
W H A OIS 38 R KA 2021 4F, L w]
HIUE A B AT RE 2 BN BT %m0 s R L
¥ K i AE 2 R Al AR (Tilia cordata) . Ay
(Pinus arizonica; P. resinosa; P. taeda). £ i
(Fraxinus chinensis subs F. rhynchophyla). >k
(Zea mays). HE., D8, Bid . HAESME
YirboRAE, Hob NI | RGBS A | 2R S
H 2R bRE iy 77.97%, F1BCRFS5 0 77 3 iy
b 11.86%, 1A= 35 HU S HAt B st A i 2
I UL AT, AR HOR AT S T R A A
TR,
27 BEAHRRERERREE

TE 46 Fsclikeb, 38 fescHikiz T A4
BIIGFRN IE R R A IE A R KRR A S R
ki i 16S rRNA JE R R 32 fefi ) 4

Order Family Genus

Species

Diptera (2)
Trichoptera (2)

Chironomidae (2)
Leptoceridae (1)
Calamoceratidae (1)
Orthoptera (6) Gryllotalpidae (1)

Acrididae (5) Acrida (1)

Trilophidia (1)

Stenochironomus (2)
Triplectides (1)
Phylloicus (1)
Gryllotalpa (1)

Stenochironomus Kieffer (1)
Triplectides Kolenati (1)
Phylloicus Miller (1)
Gryllotalpa africana (1)
Acrida cinerea (1)
Trilophidia annulata (1)

Atractomorpha (1) Atractomor pha sinensis (1)
Sphingonotus (1) Sphingonotus mongolicus (1)
Eyprepocnemis (1) Eyprepocnemis alacris alacris (1)

(k)
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Order Family

Genus

Species

Blattodea (8) Blattidae (1)
Rhinoter mitidae (2)

Termitidae (4)

Lepidoptera (14) Bombycidae (1)
Cossidae (2)

Saturniidae (2)

Crambidae (4)

Noctuidae (5)

Coleoptera (27) Tenebrionidae (1)
Chrysomelidae (1)
Bostrichidae (1)

Cerambycidae (3)

Curculionidae (11)

Scarabaeidae (10)

Periplaneta (1)
Coptotermes (1)
Tsaitermes (1)
Odontotermes (1)
Ancistrotermes (1)
Mironasutitermes (1)
Microcerotermes (1)
Bombyx (1)

Zeuzera (1)
Streltzoviella (1)
Samia (1)

Antheraea (1)
Ostrinia (1)
Diatraea (3)
Helicoverpa (2)
Spodoptera (3)

Tribolium (1)
Plagiodera (1)
Prostephanus (1)
Saperda (1)
Osphranteria (1)
Cerambyx (1)

Ips (1)

Odoiporus (1)
Sphenophorus (1)
Rhynchophorus (3)

Dendroctonus (5)

Anomala (1)
Brahmina (1)
Lepidiota (1)
Melolontha (1)
Pachnoda (1)
Holotrichia (5)

Periplaneta americana (1)
Coptoter mes formosanus (1)
Tsaitermes ampliceps (1)
Odontotermes obesus (1)
Ancistrotermes pakistanicus (1)
Mironasutiter mes shangchengensis (1)
Microcerotermes diversus (1)
Bombyx mori (1)

Zeuzera pyrina (1)
Streltzoviellainsularis (1)
Samiaricini (1)

Antheraea assamensis (1)
Ostrinia nubilalis (1)
Diatraea saccharalis (3)
Helicoverpa armigera (2)
Spodoptera frugiperda (2)
Spodoptera litura (1)
Tribolium castaneum (1)
Plagiodera versicolora (1)
Prostephanus truncatus (1)
Saperda vestita (1)
Osphranteria coerulescens (1)
Cerambyx welensii (1)

Ips pini (1)

Odoiporus longicollis (1)
Sphenophorus levis (1)
Rhynchophorus ferrugineus (2)
Rhynchophorus palmarum (1)
Dendroctonus frontalis (1)
Dendroctonus valens (1)
Dendroctonus adjunctus (1)
Dendroctonus rhizophagus (2)
Anomala bengalensis (1)
Brahmina coriacea (1)
Lepidiota mansueta (1)
Melolontha hippocastani (1)
Pachnoda marginata (1)
Holotrichia longipennis (1)
Holotrichia setticollis (1)
Holotrichia parallela (3)

5 I RCTUR G R R

The numbers in parentheses represent the quantities counted.
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PEIUS DNA 5185000 B R M4 53 TR ST
AR SR A3 )R Al R S R HUE. DNAL Rl
Fhmdik DL e A . il gt R, TR
I TIE 55 ik D) BE IF 4% (S A 93 2 25 0 T S R i 2
HERIATHRS, £ 42 fe SCE Rl A Al S Y
R H L 4T 4k 2 (carboxymethyl cellulose, CMC), H:
4% B9 36 61 45 U8 4K (filter paper) . /)N #Z 1 (wheat
seedlings) . Tl ABETF4E 2 (Avicel) & [R5 R BRI
YR BEMAEYE RS R R 6
B 071 EE S N AER WIR LK Bl i . 2
PR G o R B A R (IH AL ), Horh 27 4
2R I SR LT K i B 12 3 3k P ) 7 i )y vk o 3
RIS KB, AR S e R R R
B 2 e g 22 o i 0y mek, flandgac . #
o EORFIHRE, 25 BRTR, fZ5rgiisiik
I 21 4 3 W R 1K i B s AR 9 2 A AT o e
FERHAN . FIRTEE A 16S rRNA LD H AR
B Z B E R, IR AIRR X — il
AL T LA
2.8 BBEAFHEREREIRSE

Z: I [ PR i A ) 3R Bt 27 25 D1 23 (International
Committee on Systematics of Prokaryotes) ¥ i 1Y
JEAZ A R R G I e (T ) £ 10 R,
XHEETEIN 135 Fh213 BRWIERMA DI 75325
O 0 R H AT 4 2 P A TR AL S TR 120 AP A
15 Fie 213 BRMIE £F 4k 3R B w P AT 152 B
EEIF, S6 MR ERE, 3 HREEEIRL, 2 %
KEE],

T GE 3 3 B 1A 1 43 0 SR JE T IR M T
I"] (Pseudomonadota), 5 i 21 B MR 1 49.49%,
DL K ZEH AT ] (Bacillota, 38.85%). K]
(Actinomycetota, 10.61%) . #I4F# [ ] (Bacteroidota,
4.55%) . WEIRT](Spirochaetota, 0.51%) 5 4
I']; ZEAUFF T H (Bacillales, 34.46%) . i FF i H
(Enterobacterales, 24.86%) . 1% i g @ H

(Pseudomonadales, 11.30%) . f# ®k @ H
(Micrococcales, 8.59%)%: 23 N H 3 2RI
J&(Bacillus, 27.12%). {14 & (Pseudomonas,
11.30%). wEAHE (Klebsiela, 6.21%). F
1 J& (Enterobacter, 5.65%)% 63 ™41 & (£ 6).

T-HE ] (Ascomycota) i L B S B 80%, A K
0 7 74 '] (Basidiomycota, 13.33%). L& @]
(Mucoromycota, 6.67%) 3 N; A HEE
(Cladosporium) . i 3k & J& (Gliocephal otrichum)
% %5 B (Penicillium) . #l # £ £ # 8
(Pestalotiopsis) . %k i# J& (Talaromyces) . A%
J& (Trichoderma) . <414 %5 J& (Umbelopsis) .

5 & (Aspergillus) . % 22 ¥ £} 14 J& (Candida) .

HEA% il )E (Alternaria) . JHB5E/E (Preussia), /N
A>J&(Coprindlus). Papiliotrema, Meyerozyma iX
14 MERFEEE 7).

3 WREER

A 5E LA Web of Science .Uy & 8808
1995 & 2023 4 & A9 193 AR 5 SCHk A B A3
fii, iz F CiteSpace. VOSviewer, Excel Z5 /4,
GEitar i T B HUi I £ 4 2R R Sk T A0 A T 5
RICH . KSCT, 22B A . SCsn L 18 F R
M AR R SR B, BRI U A B
FURCR, 878 BRI K S, WSS
REW] . AGUGOR U R BT 5 B AR
FHIBIFFE N U AU ) S 3 B 2 I B TR AR
K EAEA SR A SR A S, AR TR,
BRI 5 IR AR T HAS | Ak 22 | 874
FHAF 6 A E (LX), Ui B 3 N 3 R A O
5% AR AU 5 S0t R AS 0038 ) [ B s i) g o A 23
B8 e S S e B U A T 430 4 Frontiers in
Microbiology. Insect Science. Insects #1 Microbial
Ecology, H:H* Frontiers in Microbiology & i
% K, Microbial Ecology M54k 5k k5|
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Table 6 Classification hierarchy of gut cellulose-degrading bacteria

Phylum

Class

Order

Family

Genus

Sirochaetota (1)

Pseudomonadota (98) Alphaproteobacteria (15)

Actinomycetota (21)

Betaproteobacteria (9)

Gammaproteobacteria (74)

Actinomycetes (21)

Caulobacterales (1)
Rhodospirillales (1)
Sphingomonadales (2)
Rhodobacterales (2)

Hyphomicrobiales (9)

Neisseriales (1)
Burkholderiales (8)

Pseudomonadal es (20)
Cdllvibrionales (1)
Moraxellales (3)
Xanthomonadales (6)
Enterobacterales (44)

Sreptosporangiales (1)
Mycaobacteriales (1)
Sreptomycetales (2)
Micrococcales (17)

Caulobacteraceae (1)
Azospirillaceae (1)
Sohingomonadaceae (2)
Roseobacteraceae (1)
Rhodobacteraceae (1)
Devosiaceae (1)
Kaistiaceae (1)
Xanthobacteraceae (1)
Brucellaceae (3)
Rhizobiaceae (3)

Chromobacteriaceae (1)
Comamonadaceae (2)
Alcaligenaceae (6)

Pseudomonadaceae (20)
Cdllvibrionaceae (1)
Moraxellaceae (3)
Xanthomonadaceae (6)
Morganellaceae (1)
Erwiniaceae (3)

Yersiniaceae (4)

Enterobacteriaceae (36)

Sreptosporangiaceae (1)
Nocardiaceae (1)
Streptomycetaceae (2)
Brevibacteriaceae (1)
Cellulomonadaceae (1)
Intrasporangiaceae (1)
Micrococcaceae (2)

Caulobacter (1)
Azospirillum (1)
Sohingobium (2)
Ponticoccus (1)
Paracoccus (1)
Devosia (1)
Kaistia (1)

Labrys (1)
Ochrobactrum (3)
Ensifer (1)
Rhizobium (1)
Shindlla (1)
Chromobacterium (1)
Variovorax (2)
Alcaligenes (3)
Achromobacter (3)
Pseudomonas (20)
Cdllvibrio (1)
Acinetobacter (3)
Senotrophomonas (6)
Providencia (1)
Pantoea (2)
Erwinia (1)
Rahnella (1)
Serratia (3)
Cronobacter (1)
Trabulsiella (1)
Leclercia (1)
Escherichia (2)
Kluyvera (3)
Citrobacter (6)
Enterobacter (10)
Klebsiella (11)
Nonomuraea (1)
Rhodococcus (1)
Streptomyces (2)
Brevibacterium (1)
Cellulomonas (1)
Janibacter (1)
Kocuria (1)
Arthrobacter (1)

Promicromonosporaceae (3) Promicromonospora (1)
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(823 6)
Phylum Class Order Family Genus
Cédllulosimicrobium (2)
Microbacteriaceae (9) Agromyces (1)
Leifsonia (1)
Microbacterium (7)
Bacillota (69) Clostridia (1) Eubacteriales (1) Lachnospiraceae (1) -
Bacilli (68) Lactobacillales (7) Enterococcaceae (5) Enterococcus (4)
Streptococcaceae (2) Streptococcus (1)
Lactococcus (1)
Bacillales (61) Saphylococcaceae (2) Saphylococcus (2)
Exiguobacteriaceae (1) Exiguobacterium (1)
Paenibacillaceae (9) Cohnella (1)

Bacteroidota (9)

Sphingobacteriia (1)
Bacteroidia (2)

Cytophagia (2)

Flavobacteriia (3)

Sohingobacteriales (1)
Bacteroidales (2)

Cytophagales (2)

Flavobacteriales(3)

Bacillaceae (49)

Shingobacteriaceae (1)
Bacteroidaceae (1)
Porphyromonadaceae (1)
Sirosomataceae (1)
Cytophagaceae (1)
Weeksellaceae (3)

Brevibacillus (1)
Paenibacillus (7)
Lysinibacillus (1)
Bacillus (48)
Sphingobacterium (1)
Bacteroides (1)
Dysgonomonas (1)
Dyadobacter (1)
Sphonobacter (1)
Chryseobacterium (2)
Elizabethkingia (1)

155 AR ST R K

The numbers in parentheses represent the counted quantities.
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Table 7 Classification hierarchy of gut cellulose-degrading fungi

Phylum Class Order Family Genus
Mucoromycota (1) Umbelopsidomycetes (1) Umbelopsidales (1) Umbel opsidaceae (1) Umbelopsis (1)
Basidiomycota (2) Agaricomycetes (1) Agaricales (1) Psathyrellaceae (1) Coprinellus (1)
Tremellomycetes (1) Tremellales (1) Rhynchogastremaceae (1) Papiliotrema (1)
Ascomycota (12)  Saccharomycetes (2) Saccharomycetales (2) Debaryomycetaceae (2) Candida (1)
Meyerozyma (1)
Sordariomycetes (3) Xylariales (1) Sporocadaceae (1) Pestalotiopsis (1)
Hypocreales (2) Hypocreales (1) Trichoderma (1)

Eurotiomycetes (4)

Dothideomycetes (3)

Eurotiales (4)

Cladosporiales (1)
Pleosporales (2)

Nectriaceae (1)
Trichocomaceae (1)
Aspergillaceae (3)

Cladosporiaceae (1)
Pleosporaceae (1)
Sporormiaceae (1)

Gliocephalotrichum (1)
Talaromyces (1)
Penicillium (2)
Aspergillus (1)
Cladosporium (1)
Alternaria (1)
Preussia (1)

5 AR ST B B

The numbers in parentheses represent the counted quantities.
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WECE M AV R E | 883 |
WURE . EMHE. B#EE . WGHE 49 FifE £
B, 58 B R ARG 24 LR KRS 2 8 6 1
—AREE, WRE 3 EMRREZNEER
o, IREZNRAEA K/INERE . B 0)E .
AR . AR, 15 R FE LM E
HORE, A 77.97%, HUKCOH G E R g
11.86%. U HIEALFYE R gD RenY Bt 1 7
A 135 Fl, AN 120 Ff . B 1SR, Bk
TR R . BRERMEE . R AEE . BT
HE % 63 MR, MfEE . KkER . F
HEES 14 HEEE ., Kb, P EE S
KA TR T 2 R . PR SLLF 2 R R
MR EF 4R, KR 20K i B S B L
(R 41 4 2% [ i D RE I e N IIE vk o e
B 3 R A Bt i T 2T 4 2R R A 1 AU 9 —
BHRA AN . I AR A UL AE A W7 1
1A 16S rRNA FLPR 55543+ HoR 2 R T 2
FEPEFR > T ML 3 D7 TS . BT S 22, AR
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