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Abstract: [Background] The thawing of permafrost caused by global warming accelerates the
degradation of soil organic carbon by microorganisms, and the generated greenhouse gases will
exacerbate the greenhouse effect to some extent, forming a positive feedback effect on global climate
change. [Objective] To compare the research hotspots and trends of permafrost microorganisms at home
and abroad, and thus provide a basis for the research and development of this field in the future.
[Methods] The relevant literature was searched from Web of Science Core Collection and CNKI.
BIBExcel was employed to generate the co-word matrix of high-frequency keywords, and the network of
high-frequency words was visualized with UCINET and NetDraw. The clustering analysis of
high-frequency words was performed in SPSS. [Results] A total of 839 papers related to permafrost
microorganisms were retrieved, including 713 in English and 126 in Chinese. The number of papers
published in English and its growth rate were significantly higher than those in Chinese. According to
the high-frequency keywords and co-occurrence networks, foreign research focused on the relationship
between climate change, greenhouse gases, and microbial community changes, while the Chinese on
microbial diversity in permafrost areas. The clustering analysis demonstrated that the papers published
in English mainly involved the degradation of organic carbon by microorganisms and its impact on
permafrost areas and even the world. In addition, the Martian life with permafrost microorganisms as the
research object has been explored. The studies published in Chinese mainly concerned microbial
diversity, methane emissions, and microbial degradation of pollutants in permafrost. [Conclusion] The
research situation of permafrost microorganisms has both similarities and differences at home and
abroad. Although other countries have better research systems and knowledge structures than China, the
greenhouse gas emissions of permafrost microorganisms caused by warming have become a common

research hotspot at home and abroad.

Keywords: permafrost; microorganisms; greenhouse gases; bibliometrics
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Table 1 High-frequency keywords and frequency of permafrost microorganisms research abroad

R ] SR A $ik
High-frequency keywords Frequency ' High-frequency keywords Frequency
Permafrost 214 iActive layer 17
Arctic 56 ' Dissolved organic matter 17
Climate change 40 Permafrost thaw 16
Methane 39 Soil 16
Microbial communities 36 ' Bacterial diversity 16
Carbon dioxide 33 Soil organic matter 15
Tundra 31 Soil respiration 14
Mars 31 | Thermokarst 14
Climate warming 26 Soil organic carbon 14
Astrobiology 24 iBoreal forest 14
Tibetan Plateau 23 EMicroorganisms 14
Bacteria 20 Nitrification 13
Carbon cycling 20 iMicrobial diversity 12
Methanogens 19 ! Metagenomics 12
Carbon 19 iNitrous oxide 12
Antarctica 18 i Peatlands 12
Microbial biomass 17 i Methanogenesis 11
Microbial ecology 17 116S IRNA 11
Frozen soils 17 iDissolved organic carbon 11

x2 ERFLREMTRSIMKEIRRLEHX

Table 2 High-frequency keywords and frequency of permafrost microorganisms research in domestic

U i) K ] Pk ROk K
High-frequency keywords Frequency :High-frequency keywords Frequency :High-frequency keywords Frequency
R 29 B3 7 R 4
Tibetan Plateau 1 Qilian mountains 'Microbial quantity

it 26 IR 6 RERlREE A 4
Frozen soils Soil microorganisms Oil pollution

ZAER L 15 | ZREE 6 R 4
Permafrost . Diversity . Soil

(DG 14 VHGE 5 P e B 4
Microorganisms ' Methane ' Methanogens

16S rRNA K[ 13 2R 5 IR 4
16S TRNA gene i Bacterial diversity ' Culturable bacteria

PRI 2 A 11 R 5 G 4
Microbial community structure . Cold adapted microorganisms iMethane oxidative bacteria
KIRFOKEW) 10 A 5 AR 4
Gas hydrate i Bacterial communities i Culturable microorganisms
[DGRX7EZdis 8 HRERAE 5 EZiieacs 4
Microbial diversity Freeze-thaw process Polyphasic taxonomy
L 8 AR 4 SREEE T 4
High-throughput sequencing | Freezing-thawing cycle ' Environmental factors
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Table 3 The top 10 frequency keywords of permafrost microorganisms in every period abroad

HRH B (1999-2006 4F)

BB K B BE(2007-2013 4F)

JinEE B4 K B BE(2014-2020 4F)

Exploratory phase Fluctuating growth phase Accelerated growth phase

B B $ivk T ] $ivk B B Sk
High-frequency keywords Frequency High-frequency keywords Frequency High-frequency keywords Frequency
Permafrost 18 Permafrost 34 Permafrost 162
Arctic 6 Climate change 11 Arctic 44
Microorganisms 4 Mars 10 Methane 30
Mars 4 Microbial communities 9 Carbon dioxide 30
Exiguobacterium 3 Astrobiology 9 Climate change 28
Low temperature 3 Frozen soils 9 Microbial communities 26
Soil 3 Nitrification 7 Tundra 26
Water brines 3 Methane 7 Climate warming 23
Viable microorganisms 3 Microbial diversity 7 Carbon 18
Astrobiology 2 Arctic 6 Mars 17
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Figure 2 Visualization of high-frequency keywords co-occurrence network in permafrost microorganisms

research abroad.
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Figure 3  Visualization of high-frequency keywords co-occurrence network in permafrost microorganisms

research in domestic.
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The pedigree diagram using Ward connection
The rescaled distance clustering combination
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Figure 4 High-frequency keywords system cluster analysis dendrogram of permafrost microorganisms
research abroad.
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The pedigree diagram using Ward connection
The rescaled distance clustering combination
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Figure 5 High-frequency keywords system cluster analysis dendrogram of permafrost microorganisms
research in domestic.

R4 EINFLIREMARBIRABEBEEN S
Table 4 Classification of keyword clusters in permafrost microorganisms research abroad
SERE Clusters Fe A Keywords

BE4E 1 Cluster 1 Soil organic matter, Microbial biomass, Soil respiration, Methanogenesis, Nitrification, Frozen soils,

Permafrost thaw, Nitrous oxide, Methanogens, Microorganisms, Soil, Thermokarst, Active layer,
Climate warming, Metagenomics, Soil organic carbon, Boreal frost, 16S rRNA gene, Bacteria,
Antarctica, Microbial diversity, Bacterial diversity, Tibetan Plateau, Microbial ecology, Peatlands,
Dissolved organic carbon, Dissolved organic matter, Astrobiology, Mars

HE4E 2 Cluster 2 Arctic, Methane, Carbon, Carbon cycling, Microbial communities, Tundra, Climate change, Carbn
dioxide

HE4E 3 Cluster 3 Permafrost
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x5 ERELREYARKBIABLEENS

Table 5 Classification of keyword clusters in permafrost microorganisms research in domestic

SERE Clusters Ff i) Keywords

R 1 ZHAEE . RIRMAY . TR . URAVEES . WTERSRGCEY) . Wb, URRER . ATs g,

Cluster 1 WA L A REE . AR . LIERUEY) . ZREME . BUEM 2T . 16S RNA JE
CRETF . BPLEATE . BUEMIREIE A . ASE L L PR . RIREKEY
Polyphasic taxonomy, Cold adapted microorganisms, Culturable bacteria, Freezing-thawing cycle,
Culturable microorganisms, Methane, Freeze-thaw process, Oil pollution, Microbial quantity, Soil,
Bacterial diversity, Bacterial communities, Soil Microorganisms, Diversity, Microbial diversity, 16S
rRNA gene, Environmental factors, Methane oxidative bacteria, Microbial community structure, Qilian
mountains, Methanogens, Gas hydrate

HEEE 2 Ht. 2GR L

Cluster 2 Frozen soils, Permafrost

HE3 WUEE) . EEE Y

Cluster 3 Microorganisms, High-throughput sequencing, Tibetan Plateau

3 L& #

AT FE T SCHR I A 9 05 0 0 T Y A
VR Gl A Wy U SCRRE AT T 0, AR LT

(1) YR LAY RS 3 24 P 7E
b, LA e A SCRCR R, USRI 5T
7 [E TS AL T B B

LR A b S 1] A W 5 A B 22 ] A TR AR R
JEE , SRR AR e S ) ol A T e v A F R A
SR A YUK 2 [ PRI SC &R 5 i [ A
WFFE 2SR IR0 Sl 2 R e i
= TUHHRA %

(3) RIS A B, [ AIMER LA
WHFE T mAFAE 22 5 o A0 2 AR LR Ak O Bk
fifl, A5 BEE A VLRI BTN S, SRR
Wkl A5 WL B4 3 g A1 of )t 2 SO HEBOx
VR X TS B ABRANE 5 AN, Sk A E A
VAR A 0 o T 580 R PR 5 U Bk M B A
EREGRAR AW 2 0P o B N T ST 2 2R
DX ol A= 0 A 5 45 K Z2 AR A 5 0 R e R
AR AR A 8 | A i i e A 7 T B B

MABFFE R 1-3 H R EISC R n] DIR
AN L AR RO AR RS
TN, HRIE TR, TS X FLR A
AT BB A A 2 1R RE A R L R R B A E SR )
JBt, T L 22 LAFE T BOH A 45 4 AR I AR
MRAE AR Lo, TEPEBARET. HAirA X 1
L 0T T 08 W N AT AR A — B A5,
Feng 45U 5 3% W4 HlAs 1 20 B 7 41
i, HEEIFIEY R A1 T Chen 55T
R S 2 R R, ZARR LA B
PR ARV AR, (H D RESE R Z2 A P A X = B 00
e fERHA S RGP, HR RN
HRIAE, RN R LS A e A 2%
HATR Y I 9 R0 A BIL R o3 i AR ) A=
KM EZEASIIRE. B0, Tan 50050 K B
MK TR AR FL 4 (arbuscular mycorrhizal fungi)
FIEm T BRI A B R R,
T A LB R AR, A B TR A HL A
For& iy i Brzostek ZEMOMNIMFSE AL AM
FLIR A2 BE Bl D i REfie 2E O v i 0 i s A
Al A 45 R AT e 5 L AL . MR M B U A
B RS BT E ST R T AR G EL B X AR
iz M 17 PR AE S, (ELAT dofe = 36 s X LT 2 22 b
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ISR F52 i 275 ek .

SRR b DX 5, M R T v UK AR
T BRKRE ST RS R M L R)Z FoK & T
K ASE 3 AV 52 18 7K RS A A b 2 5% T IXRE A s G
ARG R R R B, R A KRR
TSR 2 SO g 2 B i 28 . R
AR Sy e A B SR A R AR B R B
JREL VDAL, T R AR AR PR AR AR L TR
KM Z MR RV, T EMEY SEY R A
VIR OG, AEAE TR E N, . HAE
AR RE L R R A AR T T R
EwIAERM, B: Grayston Z1H50 N, 4
PR AU 22 7 R SR G &I
o S IR R 62 U B B9 R B, ARMOR B AR Ak
FEURAE YRS TRe Z AR, i g )
REZ AR TR, BRIAE TR 11X, JUH2A 7 %
MR v FE ) A5 b R A R Y 2 R R S U
Y E AR B FERT Bl b A S R GRS K,
T A 58 18 25 A0 ke B0k L Bl A 0 5 e e
BRGHR Tk = o BT 2BRAET0m
Jl, PR AR S AR M Z IR R RS A2
2

i bR, A HATA SR LI W i
FKOPAFFZ R, (HAEWFSE 28 A1 7 ) B4R
IHAATE— & 3P, il = 0 B S i ol ik
FIRIESE o 3w Xk - X B DA Al B . E )
543 = F BRI R AR T —E 8
AU K, BETTA R T NI A1 R
SRR R - A P R, AR
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Y A0 SR = SR T hifi i, Pl BEAF 75 Bkt s
SRR O, 6T [ A SR ASUEE X 459 1) 0
AL SCH T3 i AA e iR 25, IXEEHR AT s
XoF MBI 9 285 SR A TS

4 2

VU b F 2T HR ki id TR
A= P g S BRAR AN B GG TREL, PTLAE e, [
N AMEZ U OF 58 & 2 I T F A SR
INRZBHINGR . U8 ENSMIFFE D5 1 HF 5T
SNBETE S BEAFAE 22 5%, (BATSRE M Ja 2 AT 5
by . MU MEIE SR, ik, JATA
LA JLAST5 T R

(1) SCHRIE AR 1) 19225 AR BIETERS
H AR EE 18R] R A0 U M 2% 45U A T 4R AR SC
kAR SR AN B A6 5, Akt AR o
3 AR50 P25 (R 5 R R [ P A BIOAR 4 2 %
Wb, ARCE R T RMIF B A B SCHR A 305 5
FERMIE AR, TR 20 AT F 1 R A S B ) R
245 ] AL A 1 R D AR 2 2 P B e v ) PR R 4%
KRR TIRITIE bR, BT BE 5 8 1T 4 1 F 5T 4%
RS

(2) s E AT AR, 207 AR B
A= P e U A T o 1R PN AR (ol A
AT RN B AE S ), AERHIFRT AT |
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T 5T 2 A H [ P20 I ST A I 75
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Z RJ¥ 5 Z2 @42 BT 7 WL e 2 VR i A Wy ok
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(3) SCHRIT 5 o0 M A T e 19 B AL A AR
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