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Microbial community diversity of soil in different temperature
zones around the world: based on metagenomic technology
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Abstract: [Background] Temperature plays an important role in shaping soil microbial
communities at large scales, but there is a paucity of research on large-scale soil microbial
diversity in different temperature zones around the globe. [Objective] To clarify the difference
in composition and function of large-scale soil microbes among different temperature zones.
[Methods] We used metagenomic technology to analyze the composition and function of soil
microbial communities in different temperature zones. [Results] The species diversity of
bacteria rose with the increase of latitude of temperature zones, and that of fungi was the highest
in temperate zone and lowest in cold zone with absolute dominance of Candida. The abundance
of species in the microbial communities also varied greatly among the three temperature zones,
with different dominant and special genera. Particularly, the abundance of Pseudomonas and
Bacillus was significantly different among the three temperature zones and it increased with the
rise of the latitude. However, the abundance of Streptomyces, Geodermatophilus, Rubrobacter,
and Micromonospora decreased with increase of latitude of temperature zones. In terms of
function, it was found that gene functions related to posttranslational modification, protein
turnover, chaperones, intracellular trafficking, secretion, vesicular transport, and cell motility
may play an important role in cold tolerance of microorganisms. [Conclusion] This study found
that soil microorganisms differed significantly in species diversity, community composition,
and function among temperature zones and identified bacteria, fungi, and functions significantly
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affected by changes in temperature zones, contributing to a large-scale study of the geographic
patterns of soil microbial diversity and their formation mechanisms.
Keywords: metagenomic technology; temperature zone; soil microorganisms; microbial diversity

YL AT 2 LA BRAS 1 X 35 Sh AR g 2270
PRI L AR A= 7 T B A R R AR R 43 14
o EEAARE=10 °C BURAYZ /0] R4 R4
LR (B G A IR R R Y ) AN FE A (LA L
FE T RN RE FEA ) BT S e B 1 R S
SAEAIRESE, AR 22 °C, TUERARRA
B, H R B AR LR AR R AR R Hh
XA, AR 8 °C, TUFEARL
B, JER M X AR E, A E
%, EEERIEAE 0 °C LITFPY, RN [EE AR
SR AR A, Ba5LREY
FEHEAY A TR, MR, RETE
IR R ) BRAR T S A O VS T R T
FEAERC, MU YRR AR . &
WL W AR S Y. Horh
IR A R S an g,
I H 22 )2 1 58 b i LT RN AH 1 2 B A R PE Y
SO (H [ FTE T SBR[ 3R B K
ROE + e A Yy 2 REvE 7 R R E 438 = .

AR, 7% B DA 2 R R R )1z v
TERIF G R 205 o B 4 48 400 70 R L T 1) A 0 3t B
oA . HIERUEY Z RS Y R
SRR S BT RE 8 v A% e AR W 3 A AR 1 AT
Sy B EE IR WUE MBI bG8 R RE S R RUE
FLH P I 4 M, BE S s o o fE B R
FRE R INRE, NN AER s TR E Y £
FEMESRAE T 800 A M Z R RS
WE % T - 38 37 20 A ER B B A0 AE Mk, iR fE
S IARTE - S il A W A 2 vl B R S
R HIhREM N T A M T AN R IR R 1

Tl A= oy A v v A0 T D L R ) ol L B S RE ) 22
FEVE R S IR], ASIFSE LK A 4Bk [ H.
O T A REBE R )E S SRR AR D BE T X
2, FRMEFEN A I3 H7 89T IEARFEA )il B 2l
o SR W R A RS D RERRAE . IR DR
FRUBE A SRR W) 22 R b B Ry B2 HOTE UL
A AT TS (I BB AR , ] 48 s T + 45
A i TN e R FEE 72 A e i 8 B AT O 2
RE I8 T 1]

AR

1.1 M
1.1.1 HmREXIR

ARWFFE LU Tk A 4Bk 3 ANIREH HAy
i T 7 A KEER 25 0 IERES B GE 1.
AT 1 SBERE S B 13 S L B SR S B
9 A FEA RSB 3 > FEAT R AU Y
3 BEERE R BRI T A, ARk
APES 31 ERREE S, RN A
27 3E /K #4 13 (Litchfield Island)F1774 F 5 (King
George Island), SRFEESE] 73514 2015 4 2 H
3 HM20154E2 H 6 H. RAEL R L HS”
KAEFR B HER 0-10 cm AR )E LHERES, &1
KA 3 ELIREGMA, LR E 14
FHEA TG 1 B o I b, 7RISR
Tz ZEEN, LIATE-80 °C &M T M T
& RKFA B2 Re . A 22y B3R
BAIEYIK AT NCBI A IUEE % . Irf 3kt
B0 R 2 R A+ B BE B ORI R
5 Gb, HEEARFCE B L 1.
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Temperature zone

AR

Coordainte

PJila)5
Accession No.

=1 TEHRESR
Table 1  Soil sample information
FE a5 SR A,
Sample No.  Sampling sites
R1 AEVH . YK HEIE Africa: Namibia
R2 AEVH . 99K HETE Africa: Namibia
R3 AEDH . YK HETV. Africa: Namibia
R4 FgEM . I F South America: Chile
R5 FEM . 2 H South America: Chile
R6 B . 2 H) South America: Chile
R7 KD : BICHIIE Oceania: Australia
R8 KW : BIHIT Oceania: Australia
R9 FKEEM . BICH)E Oceania: Australia
Wi AEM: [ Asia: China
W2 AP : A E Asia: China
W3 WP : " E Asia: China
W4 WM : HZ Asia: Japan
W5 Jb3E . &K North America: Canada
W6 Jb3EU . &K North America: Canada
w7 JE3EW . EEK North America: Canada
w8 JeEm: KHE

North America: United States of America
W9 b3 EE

North America: United States of America
W10 e EE

North America: United States of America
Wil KR . ¥ [ Burope: France
Wi2 KX . < [E Europe: France
w13 KkYH: 751 Europe: France
H1 AN . A HERTE S

Antarctica: Litchfield Island
H2 RN AR R

Antarctica: Litchfield Island
H3 MM FREES

Antarctica: King George Island

#HF Tropical zone
#HF Tropical zone
T Tropical zone
#HF Tropical zone
#HF Tropical zone
T Tropical zone
#HF Tropical zone
#HF Tropical zone
T Tropical zone
47 Temperate zone
R77 Temperate zone
i Temperate zone
7 Temperate zone
7 Temperate zone
7 Temperate zone
47 Temperate zone

i Temperate zone
47 Temperate zone
i Temperate zone
i Temperate zone
i Temperate zone
47 Temperate zone
FEi Frigid zone

JEi7 Frigid zone

JEF Frigid zone

23.208S, 15.55E
23.19S, 15.42E
23.198, 15.37E
24.088S, 69.99W
22.2638, 69.72W
23.398, 69.60W
35.12S, 141.99E
25.358, 131.04E
25.35S, 131.05E
36.11N, 117.08E
36.11N, 117.08E
36.11N, 117.08E
35.73N, 139.53E
53.93N, 116.58W
53.93N, 116.58W
53.93N, 116.58W
38.53N, 121.77W

38.53N, 121.77W
38.53N, 121.77W
48.61N, 6.10E
48.61N, 6.10E
48.61N, 6.10E
64.778S, 64.08W

64.77S, 64.08W

62.218, 58.96W

SRS7503202'4
SRS75032011%
SRS7503200!%
SRS7432060!"
SRS7432058!"!
SRS7432055!
ERS580793['
ERS580789[
ERS580787M'
SRS8254461
SRS8254462
SRS8254460
DRS163701
SRS4737170
SRS4737169
SRS4737171
SRS7108660!

SRS71086591!
SRS71086451!
ERS1073739
ERS1073738
ERS1073737
SRR20770300

SRR20770299

SRR20770298

112 EEZIXGFILEE

Soil Genomic DNA Kit, YL7RFE N4 4
YR A RS ; Qubit dsDNA HS Assay
Kit, A4 MmHARATRA A ; VAHTS DNA
Clean Beads. VAHTS Universal DNA Library
Prep Kit for [llumina V2, VAHTS DNA Adapter
for Illumina, R 5% MEREAE PRHECA BR A H] o
B EREE O, SIARTELA A IR

A, T AR DR A il 3 A PR A w5 K
HIKAL, JEat N —AEWRHEARAE ;A shEE
WEAR 258 . PCR AL, fASRAfr Bk
A R W) 5 25N ot BT, FEBREIR
FHEL(PENDA R E 5 Qubit 26, A iy
HARBRA A HNREF AR AT,
Covaris 2y #); NovaSeq6000 il 71, Illumina

7S
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1.2 HmothEE
1.2.1 HIRREELH DNA HIIEEL

HERRFRIL 0.1 g B L3ERESY, (T Soil
Genomic DNA Kit $2HUrg i A% 5 vp 2L R 41
DNA (genome DNA, gDNA), K 1%B i it
JEE HL UK R 8 A0 A3 OB BETH R A gDNA (19 5¢ 4
PERNSERE, SRFH Qubit ZEOL{URGHERE Bt gDNA
WP . AR eDNA TEE7E-20 °C 4 fF
T, T REER A SR
122 XEMESNF

fiHl VAHTS Universal DNA Library Prep

Kit for Illumina V2 #4753 N 240 30% . R AT A
) 3R £5 75 I BE DR 20 5T D) ORI 54 1) gDNA
BEMLAT B, SR HREEREAliAL R Befb ™. 4tk
G W R Bl 2 s iR A . 3" dA 2 .
P4k EERE LA . PCR 9 S5 R 58
BSCPEM . Mo, PCR 51403 2. PCR X
AR Z (50 uL): %9 10 ng DNA F Bl G R
ff K 20 pL, PCR Primer Mix 2 5 uL,
Amplification Mix 3 25 puL. PCR JZ i &fF:
95 °C 3min; 95 °C 20s, 65°C15s, 72 °C
30s, 12 4MEH; 72 °C 5 min!'®, PCR 77#i%
Jb 5t UL 5 AR AR W HER A R A W F .
NCBI A5 4 e vp 48 42 14 B A $icdhs o 25 2o
Hlumina - & W ¥ 3515 .
123 HiESHh

B 5 {d ] Trimmomatic-0.39 &4 Xt it il
FPBE e T DR A B AR, A B s R A
MK (reads), 45 WF 3. /] metawrap!'”
B AT 2R o 3 o 2 DR 2 T 4 G R

=2 S|YIF%

Table 2 Primers sequences

Kraken2!"JF 17 FpiERE, i FI#K/F Bracken"”
HEAT R I P Fh o G IR AR 3 2R oK
V- AR SRR R . R FIERF Prokka
V1120903 Fii 20 % S 241 DNA J5 81 1547 35 5
W, Ifx HEE RPITRIE, 2R IEBART S
(288 35 T o e 4 T 471 ) of A 2 I T 4 i K]
4, M TranSeq”'MH§ 4% B2 )7 41 B 1% A2 11 TR
¥ 5 I A Salmon 1.7.0 B T E = A
DIAMOND 2 (4 4y 1 g 4R T AL HE I 4R )7 41
o3 )5 Y kAL 1 R R R R E AR A IR
(evolutionary genealogy of genes: non-supervised
orthologous groups, EggNOG)% I 72 Fll 5L AR Kt

53N A R4 (Kyoto encyclopedia of
genes and genomes, KEGG)X# ZE#47 L X,
AT T fie FE PR X N Y ] U5 2 7% (clusters of
orthologous groups of proteins, COG)IJREF B
1 KEGG HifigiER.
1.2.4 ZHSHERBIENTIL

A R1E S BT A “vegan™fl K ITHE o 24
PER) Shannon F5%. i R A B = M 2
(https://www.bioincloud.tech/task-meta)if 1 F&
T Bray-Curtis FHES 5L IR & 2 48 RUE
(non-metric multidimensional scaling, NMDS)%4}
Fr#l PERMANOVA A 56 4 i 5 AN [) 73 4 A
() AF T 2O 22 Sk o A T B ZR b Al O R G T
A W R B T IR R Z IR AR DG, IR
HoE 1k SPSS A (A 21.0) 154K A5 . Sd it 7E
28 3 B W i (http://huttenhower.sph.harvard.
edu/galaxy/) 4 T4 M H1 51 73 Hr (linear discriminant
analysis, LDA). F|H SPSS #f4(V21.0)i17

Sample No. Linker primers sequences (5'—3") Reverse primers sequences (5'—3")
H1 AATGATACGGCGACCACC CAAGCAGAAGACGGCATA
H2 AATGATACGGCGACCACC CAAGCAGAAGACGGCATA
H3 AATGATACGGCGACCACC CAAGCAGAAGACGGCATA
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x®3 HRBEREIRERSIT

Table 3  Statistics of sample data before and after quality control

Sample No. GC Content (%) Total sequences Sequence length (bp)
Raw reads Clean reads Raw reads Clean reads Raw reads Clean reads

R1 66 66 70 052 376 66 351 628 251 36-251
R2 66 66 70 517 054 66 625 148 251 36-251
R3 67 67 70 862 994 67 326 462 251 36-251
R4 59 59 30 743 064 24 052 488 251 36251
RS 58 59 27 592 758 20 693 882 251 36251
R6 62 62 41947 756 33271310 251 36-251
R7 66 65 74 499 360 62 619 284 151 36-151
RS 64 64 77 236 340 66 663 378 151 36-151
R9 66 65 75382 130 66 087 592 151 36-151
Wi 62 62 104 493 794 102 939 290 150 36-150
w2 62 62 109 085 556 107 598 174 150 36-150
W3 62 62 104 351 342 102 912 602 150 36-150
W4 61 61 30930 704 29 846 874 250 36-250
W35 62 62 164 632 620 154 022 210 100 36-100
w6 62 62 168 934 410 160 893 530 100 36—-100
W7 62 62 172 958 010 161 982 540 100 36—-100
w8 65 65 66 527 452 45677 178 151 36-151
W9 65 66 57 311 130 42250612 151 36-151
w10 63 65 63 651 670 43 670 742 151 36-151
Wil 63 62 17 609 808 15 524 850 301 36-301
wi2 63 63 22 773 854 19867 716 301 36-301
W13 63 62 22401276 19 542 316 301 36-301
HI 54 54 70 441 086 58 583 462 150 36-150
H2 56 56 75 565 458 69 154 298 150 36-150
H3 55 55 72 294 468 62 765 458 150 36-150

A, AR R ERES R A B, o ZFREMEFSBUASE Shannon FE%L . ACE 3
A REZEF(P<0.05) ALK DR ; FEAT XS BA H%™, Hoh, @) Shannon $550RT LR BEA
WO 2RI N AR N R 22 Rk IR LR U M R R, AT
(least-significant difference, LSD)# 17 £ H It FY sk L] AR 40T 5 0 W R 2R o 98
B, Ho X eI aE FARLEME M N IR BE AT Bl HAT IR S PG (K 1A), TEELE T, FEHImE
BEES . HABEHE AT B Image M0 FYIFh SR B AT TR A . ELEE
(http://www.ehbio.com/ImageGP/)Fl R i 5 34 Tl 20 BE P > $05 1 R 45 B k> S5 49 b 22 B 1
Hif ggplot2 . pheatmap. corrplot il magrittr (& 1B).

#AT . 22 ARIEETIIEMEY P ZHEMETH
NMDS 43-#r [l 2& B AS [ YL BE 7 22 6] 41 B Al
2 BRE54T

STRTREE LR |47 1625 5 () 2). B o B A
2.0 FEIRESHMEEY o SRS I, WFR — HREE £ SR A
o ZFEPERENSIZMRE BRI R SRR IO BB, AW — I RET A 25 Sk
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130 N7 N [ 2 el 2 2 S = <
PERMANOVA F; 3045 51 P {EY/NT 0.05.
AT UL, 3 Pl BE Al 22 ] Y T S A W i
L[] BB % A5 - b DX 40 I
23 ARIBEETIEAEMEERESHN
25 Oy LIERE S L AE T, 4 TR (bacteria) Fil
B (fungi) 3 0l 5 2 43 28 3L A 88.54% Fil
11.06%, HA&AE 1% B i 4 17 (archaea) F1

A
ol il
5 -
E’ 6.51% . Groups
g &R
= BW
=
7 6.0f I =H
55¢
R W H
Groups
&1
Figure 1

B (viruses), HAAERLEH 5310 FPigdd,
J&TF 40171296 8. ER%EEH 70 Ry,
KET3MT42)E.
231 TERMAREREFEVMS SN

TEN K b, SRR R R b 20 4
A2 JE W 1] (Proteobacteria) 1 Jit £ W [)
(Actinobacteria), . 72E T 1 ] (Proteobacteria)

AR AN = Bl o il B 5 B T e s, A

B
e pp— *

3 -
;ﬁ
g 5L Groups
g B R
= B W
£ B H
w

| -

0 C 1L 1 1

R W H
Groups

TEEESTIERMSEY Shannon 38 A: 4IKE.B: ERFE.R: ¥V, W, B4, H: FEHF. T

Shannon index of soil microorganisms in different temperature zones. A: Bacteria. B: Fungi. R:

Tropical zone; W: Temperate zone; H: Frigid zone. The same below.

A metaMDS: stress=0.045
PERMANOVA: F=3.389, P-value=0.002
|
0.2}

o GrO;ps
A o
s e R
Z 0.0} - - oW

0.2}

L | L
-0.4 0.0 0.4
NMDSI

2 TEIRESIRMEYIH NMDS 547

B metaMDS: stress=0.123
PERMANOVA: F=8.799, P-value=0.001
|
0.2
0.1
Groups
24 oH
0.0 oo+ -
e ok
Z * W
-0.1
-0.2
-0.3

I 1 | 1 1 I
-02 -0.1 00 01 02 03
NMDSI

A: IE.B: HE

Figure 2 NMDS analysis of soil microorganisms in different temperature zones. A: Bacteria. B: Fungi.
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A 1 (Actinobacteria)F WL B AH R BL A .
HWAMERR SCEMJE, AR 1 (Bacteroidetes)
T2 ¥F 1 [ ] (Acidobacteria) 1E F& 7 W) AR X =F B BH
i TR RNR AT (B 3)

TEJR /K b, X2 BERT 30 1Y 8 2 il P ]
(Bl 4), MAaPEmr 0L, 5 A9 1 1 R R
HEREI—E, FHMT HIEREBERLH —
B, HCRTEL, AR TG DI RE A iR
G wes 1 N7 S g e N A T
L. 4, MEXTEREFT 30 0@ KT8 Tk
LW ] (Actinobacteria), /NE853 @ T2 L H 1)
(Proteobacteria). WAL, ZHHUFF 5 & (Bacillus)Fits
W J& (Clostridium)J& T JERER || (Firmicutes).

M PAEA AT DL B Y 3 FhOAS W] 38 3 oy
FESTEJR A B R 2R, H, 18

75 Phylum
I Proteobacteria
B Actinobacteria
* Firmicutes
= Planctomycetes
2 ,
= B Bacteroidetes
=] . .
2 Acidobacteria
2 50¢ Gemmatimonadetes
s W Cyanobacteria
= Deinococcus—Thermus
= B Chioroflexi
e
7 l
0 -——
R W H
Groups

3 WERENEIAEXNEER 10)898EXF
FE HEFRAE AR B

Figure 3 Stacked histogram of relative abundance
of dominant phylum (top 10 in relative abundance)
of bacterial communities.

PAFEES T, BERE S (Streptomyces) FI X F
K. TEWRAE A S P, B M8
(Sphingomonas) W AR XF F B e K, HROEBE %
W& (Streptomyces). TEFEM LM, LI TR
J& (Pseudomonas) W A X 4= FE e K, FLR 218
M AL IR U R (Bradyrhizobium) . IEAN, FAHRE G
o 2168 4T T JB (Rubrobacter) . Hb Ve 7 T )@
(Geodermatophilus) . %% 4 J& (Streptomyces)
ZEBR B J& (Blastococcus) . Baekduia . 21 3R 1 &
(Rhodococcus) . it IR & (Pseudonocardia) .
JiE 2% 41 B AT 1 J& (Conexibacter) F1 ML & 1 B &
(Modestobacter) AT 7= FE A T-IRHF FIEHT | L
B o AR S P 3 22 1R R (Sorangium) |
g A AR R R (Mesorhizobium) . 12 W &
(Clostridium) . %5 g ¥ MU 15 J& (Sphingopyxis) .
Y 24 I R 1 J® (Sphingomonas) Al JG 6 ¥ T
J& (Achromobacter) %t 3= B AH 48 T $4 7k Fi1 €
i R . FEAR AR P R R R
(Pseudomonas) . 1T T J& (Bacillus) . 1844
&1 8 J& (Bradyrhizobium) Fl A % 2 /R 15 # &
(Burkholderia) FiX¥ 3= & A8 48 T 0l M A 5 Ee
L=

ATAREIE FEERT 10 0@ FIEL A 1738
U BE Z I8 B2 R A O R AR R T R E B
(P<0.05)AH = PE(E 5). TRE 5184 R EE
(Bradyrhizobium) Fl % ¥ i 7 J& (Pseudomonas)
BAHXT B B EMASE, W5 R
(Streptomyces) . W& K¢ i J& (Geodermatophilus) |
/N BB B JE (Micromonospora) 1 43 ki FF 1 &
(Mycolicibacterium) A X 3= B 12 18 25 IEAH G
A, A B B R (Sphingomonas) AR X =
5 4% 5 H @ (Streptomyces) . KGR K FH B
(Nocardioides) . /)» .9 & J& (Micromonospora)
BT 1 & (Mycolicibacterium) W A3 X 3 B 5
B E UM OG
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A B
Streptomyces Rubrobacter Phylum
Bradyrhizobium - Geodermatophilus 1.0 Actinobacteria
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Figure 4 Relative abundance heatmap of dominant genera (top 30 in relative abundance) in bacterial
communities. A: Relative abundance according to sequence percentage value. B: Scaling within genus rows
across all examined samples; Relative abundance above average was dark red, relative abundance below
average was dark blue.
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Figure 5 Correlation plot between the dominant genus of bacterial communities and the average annual
temperature of temperature zones. The dominant genera are the top 10 genera in relative abundance, and the
average annual temperature in the frigid zone is taken to be 0; Dark red represent positive correlation, dark

blue represent negative correlation; Circle size represent r, color shade represent Pearson correlation
coefficient.
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Figure 6 LDA discriminant histogram of flora at the genus level.
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Figure 7 Folding line graph of bacterial abundance with significant differences in genus levels. A: Genus
with a downward trend. B: Genus with an upward trend. C: Genus with an upward and then a downward

trend.
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Figure 8  Stacked histogram of the relative
abundance of fungal community phylum levels.
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Figure 9 Relative abundance heatmap of dominant genera (top 20 in relative abundance) in fungi

communities. A: Relative abundance according to sequence percentage value. B: Scaling within genus rows
across all examined samples; Relative abundance above average was red, relative abundance below average

was blue.
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Figure 10 Correlation plot between the dominant genus of fungi communities and the average annual
temperature of temperature zones.
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Figure 11

LEfSe caldogram of soil fungal communities comparison result between different temperature

zones. The red nodes in the evolutionary branching diagram represent species with higher abundance in each
taxonomic level of the boreal group, the green nodes represent species with higher abundance in each
taxonomic level of the tropical group, and the blue nodes represent species with higher abundance in each

taxonomic level of the temperate group.
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Figure 12 COG functional annotation analysis of soil microorganisms in different temperature zones. A:

Gene function at Level 1. B: Gene function at Level 2.
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