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Analysis of bacterial community structure and functions in seasonally frozen soil

in different phases of the freeze-thaw cycle

GUAN Jianfei“ ,CAO Yang,XU Hongjia
School of History and Culture, Mudanjiang Normal University, Mudanjiang 157000, China

Abstract: Microorganisms in frozen soil play a crucial role in predicting the potential mechanism of response between the
frozen soil and climate. This study was envisaged to reveal the influence of different stages of the soil freeze-thaw process on
the bacterial community in frozen soil and analyze the response of the bacterial community to the dynamics of the frozen soil
properties. We determined the physiochemical properties of the topsoil from typical seasonally frozen ground in Heilongjiang
Province. 16s TRNA high-throughput sequencing was performed to analyze the bacterial community structure and function.
The correlation between the physicochemical properties of the soil and the bacterial community structure and function were
investigated using redundancy analysis. The results showed that: (1) Different stages of the soil freeze-thaw process

exhibited an insignificant impact on the soil pH and total phosphorus. The soil organic matter and total nitrogen during
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complete freezing were significantly higher than those during the transition stage (P<0.05). (2) A total of 985111 reads
were obtained and clustered into operational taxonomic units ( OTUs) belonging to 42 phyla. Among the dominant phyla,
the relative abundance of Actinobacteria during the complete thaw was significantly higher than that during the transition and
complete freezing stages (P<0.05). The relative abundance of Proteobacteria, Acidobacteria, and Chloroflexi did not differ
significantly across the stages of the freeze-thaw process. The alpha diversity and beta diversity of the bacterial community
varied significantly in the different stages of the freeze-thaw process. The bacterial community diversity was considerably
increased during the transition stage, while the B-diversity changed dramatically during complete freezing, compared with
other stages. Furthermore, complete freezing had a greater impact on the positive correlation between the abundance of the
bacterial phyla and the bacterial community stability. (3) A total of 5418 pathways of the bacterial community were
identified and clustered into 6 categories. It was observed that the metabolic pathways accounted for the greatest proportion,
that is, over 75% on average in all stages of the freeze-thaw process. All of the primary pathways varied significantly
between the complete freezing and the complete thaw stages (P<0.05). Nearly all of the significantly differential primary
pathways varied dramatically between the complete freezing and the complete thaw stages ( P<0.05). (4) Soil organic
carbon (SOC), total nitrogen ( STN) and total phosphorus ( STP) were found to be the major environmental factors
influencing the bacterial community composition and structure, while soil pH had an insignificant effect. To conclude,
different stages of the freeze-thaw process ( especially the complete freezing stage) had a significant influence on the
bacterial community structure and function. The intensity of influence was either positively or negatively correlated with the
soil physicochemical properties, such as SOC, STN, and STP. The findings provide valuable clues to understand the

response mechanism of the bacterial community in seasonally frozen ground in Heilongjiang in the context of global warming.
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KH E.Z.N.A.® soil DNA Kit #2584 5 94 B9 5 DNA |, L NanoDrop2000 #E17T DNA 40 B Flvk B
K | R FH BRI AR R I P K 1 4T DNA S B VRGN (19 B IS S, 5V/em, 20 min) , ¥ F AR X F BE Ay 4™
HA R H 168 rRNA & K ) V3—V4 X 5] ¥ 338F ( 5'-ACTCCTACGGGAGGCAGCAG- 3") F1 806R ( 5'-
GGACTACHVGGGTWTCTAAT-3") 2K 58 )i, PCR W& & (20 pL) 24 4 pL i 5xFastPfu Buffer,2 pL [#)
2.5 mmol/L dNTPs,0.8 pL HYJ Forward Primer (5 pmol/L),0.8 L HYJ Reverse Primer (5 pwmol/L),0.4 pL HJ
FastPfu Polymerase,0.2 pL [ BSA,10 ng [ Template DNA ,ddH,0 %M 20 wL, PCR J W 2514~ 95°C T AE P
3min ;27 WAHEIF(95°C A8 30 5,55°C IR K 30 s,72°C HEfH 45 ) ;72°C ZEAH 10 min, 2 10°C , fR-AFFEH, PCR ™=
Yy g P 2% B RS BHEEI , F ] AxyPrep DNA Gel Extraction Kit #E4T4i4k , Tris-HCI YEMT , 2% 358 W R Uk
K, A QuantiFluo™-ST #EA TR 2 1, A Nlumina 2 7] f) Miseq PE300 - 15 X 5 46 A 375 47 X3 g 0]
J¥ AR4E Mumina MiSeq V-5 AR fESRAEIURRKG 20405 19934 R BOM SO AR ZAETRINGE RBHE A BR A
A SE I
1.4 Sitathi ik

i FH Microsoft Excel \SPSS . Origin 2021 5504 X} FEA K Ha A T AL FRANVE [ 430 . A BEYS Alpha 2R
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B FP(3.43+0.62) & 5T TP (2.62+0.44) il FTP(2.40+0.30) ( P<0.05) , FP(0.18+0.04) 3 i & &% &
BT FTP(0.14£0.02) ( P<0.05) .

®1 FEURRAMER TR

Table 1 Soil properties under different freeze-thaw stages

M Soil properties

SELfE VR TP

RRIEERY] FTP

SERVREG Y FP

+ 4 pH Soil pH
+ 25 7K Z MC Soil moisture content/%

FHEA MK SOC Soil organic carbon/ (g/kg)

13 E A STN Soil total nitrogen/ ( g/kg)

-3 B STP Soil total phosphorus/ ( g/kg)

7.99+0.28a
9.38+3.70b
2.62+0.44b
0.16+0.04ab
0.11+0.04a

8.01+0.14a
13.43+1.18a
2.40+0.30b
0.14+0.02b
0.10+0.03a

8.04+0.33a
11.06+1.96b
3.43+0.62a
0.18+0.04a
0.12+0.04a

TP . 52 44 Complete thawing period ; FTP ; ZE fl I ] Freeze-thaw cycle period ; FP; 5845445 Complete freeze period
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Fig.1 Alpha diversity index and Beta diversity in different freeze-thaw stages
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Fig.2 Composition of bacterial community at the phylum level (top 10) and significantly different groups
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Table 2 Analysis of bacterial community network in different freeze-thaw stages

2% 53 i 251 Network analysis parameters S8 fRRI TP FRRALEIR Y FTP SERVREEH FP
1B FEIFMI X R B Number of significant positive correlations 68 65 41

B 3R 6 ¢ 28 Number of significant negative correlations 38 41 37

F 5B (Y18 Degree( Mean value) 5.89 5.58 5.2
AL (B4{E) Closeness Centrality (Mean value) 16.50 15.61 12.89

2.2.3  AHREEEDIRER AL 1L

XPRETE DRE 20 245 3 5418 Ml BE, 43 J& T A8 I8 B% 19 57 R AU ( Metabolism, M) |8t 4% {5 & AL B
( Genetic Information Processing, GIP) 4l fifl i #2 ( Cellular Processes, CP) . A% ( Human Diseases, HD) A=
YK Z 50 ( Organismal Systems, OS) FFR5% {5 B 4L B ( Environmental Information Processing, EIP)6 KZEINfE,
AR R AR DI B8 o FU R, P AE 75% LA b S8 TP 3 T FTP I FP (34 P<0.05) U s &5
BACFRIIRE S &7 b 10% 26 47 AR T RE I TE 6% LA, i DR E TP F FP Z [R5 B B 245 7 (P<
0.05) , X HESEIIRET 1 I RESEAT 22 SV 0 5 SRR BT (181 3) , B B EVE2E S ) et A Cell
growth and death 7E TP I FP B BOIC #2257, Hor — QN RETEX A B HA B35 12257 (P<0.05) .
2.4 TIEMETTS AN G S5 AL 2 SUR T RE A AR DGR 3 B

Xof B A SR B 5 A R A VR AR 2L ISR B BE HEA T AR DG 43T, TUAR 20 (RDA) 43 3l i e 1 T 2 RN )
AE 77.93% 1 87.95% 1 .77 25 ,SOC [ STN | STP S 52 Wi 2 B 7 45 A 21 UM DN BEAY 2 23R E N 1~ pH SEIFAS
RF, K 3 Fron, BE AT T, BCZETE ] (Actinobacteria ) | fiFf £& 8 € 7 1] ( Nitrospirae ) | JE f B 1]
( Verrucomicrobia) 55 SOC STN STP 7E /A [RIF2 I 580 5 3 F A G R A8 JE 1 ] ( Proteobacteria ) | £ 25 T
I"J( Chloroflexi) JEEERA ] ( Firmicutes ) EUFF B [ ] ( Bacteroidetes ) | ¥%%% B | ] ( Planctomycetes ) W 75 A [A] 7 B -
5 SOC .STN .STP B R EIFAHK KR, HE%IIFETTI, Cellular Processes . Environmental Information Processing |
Human Diseases ,Organismal Systems 5 SOC STN  STP £ i} % ( P<0.01) Bi# . 3% ( P<0.001) [IFAHC I FR, 1M
Genetic Information Processing NI 524 5. 3 71 A7 5 R (P<0.001)

x3 TEUREBEESMARMITREREXME

Table 3 The correlation between soil properties and community structure composition and function

P& S M 2 R AN Ty B THA YLK SOC/ (g/kg)  HIEEA STN/ (g/kg) + 4 W STP/ (g/kg)
Community structure composition and function Soil organic carbon Soil total nitrogen Soil total phosphorus
LTI Actinobacteria -0.546 """ -0.673*"* -0.680 ***
AIEHIT Proteobacteria 0.517*** 0.678*** 0.698 ***
LTI Chloroflexi 0.356" 0.459 ** 0.573***
JEBETT] Firmicutes 0.680 *** 0.682*** 0.612**

T ALIZBER 7] Nitrospirae -0.682""" -0.800 *** -0.814**
UFFH ] Bacteroidetes 0.417* 0.593 *** 0.635"""
PER ] Verrucomicrobia -0.380" -0.490 " -0.560 """
TR Planctomycetes 0.501 ** 0.625*** 0.577***
AL FE Cellular Processes 0.480 " 0.498 ** 0.439*"
5 {5 B AL Environmental Information Processing 0.661 *** 0.701 *** 0.672***
L= B AL Genetic Information Processing -0.614 "> -0.643 *** -0.610***
AZEHR Human Diseases 0.539 """ 0.616*"* 0.605 """

H YRS Organismal Systems 0.540 " 0.517 " 0.503 "

# P <0.05; %% P <0.01; == P <0.001
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Fig.3 Changes in bacterial community function during different freeze-thaw stages
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AR ; Signal transduction : {5554 5 ; Folding sorting and degradation : 31 8 4344 F1F# f# ; Replication and repair: & il M1f& & ; Translation : Hi%;
Transcription : £ 3% ; Endocrine and metabolic disease : P43 M9 ; Infectious disease_ bacterial : {4435 _4 I ; Infectious disease_ parasitic : f&
Yei_3F A= ML s Infectious disease_ viral : 15 Y45 9% BF ; Neurodegenerative disease: #fl 42318 7 1 %< 95 ; Lipid metabolism: Ji§ 5t /X 1} ; Metabolism of
other amino acids : H A& IEFR A 1T ; Metabolism of terpenoids and polyketides : 1 3£ 1k & ) 1 5 Bl 25 1k & 9 YA 8 ; Glycan biosynthesis and
metabolism ; H 22 19 4E Y& AL ; Energy metabolism ; fig {41} ; Biosynthesis of other secondary metabolites ; ol v 4= 18 35 7™y 14 £ W) &
% ; Amino acid metabolism ; ZFEFRIL ; Nervous system ; #1252 R 45 ; Digestive system : {HIL RS ; Aging: %4k
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2145 P Y R WIVRES IR B, pH BRI EE R, A3 AT SR 2 T FL AR AR PR 0 e 300 R i RS A2 L,
FEULE AR pH X5 SR A R | R AU A R R RS B A SIS AN R o AT R A K AR A TR
PEPR 2 o T o8 A R, — 5 Tt o T B 2R I ) B K i e/, 53— 2 i T 2 R R R R A
TRIZERFRIIHIZEK
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