TRAE SRR Sep. 20, 2020, 47(9): 27592770
Microbiology China DOI: 10.13344/j.microbiol.china.200223

tongbao@im.ac.cn
http://journals.im.ac.cn/wswxtbcn

SIS BBk A K+ TIEMEEESR AN

FERR EHH AdR FHET ZEES BIES Enp’ BgEC
| R R ARl e = Wp P 475004

2 fEPHABEE T 240E g {5FH 464000

3ROl K2z pE BIRIT FAJRIE 150040

4 FBIRITAERRE BAR SRR BIETL M/RIE 150040

5 PRIpVL A gk R A, X‘%El%@&ﬁﬁwf—‘l:ﬂ&%*‘u gL W 161400

6 BIVLRZFA Rl be BIRIL M/REE 150080

B EIFXRILEMADRLEEADTHERZRS, 525 T LEASAG T KO EMILFRI
FAE2, (2R A TREF S FA L LIEMAEMOARTEER. [B]RA KL% % FA L L
P A S AR, [ 751 A1 MiSeq 518 M5B ARA 2 A I K 3% 20053 X vf F &
P RET A LA TARA L LRI G, [LR] A%TA LR TRAE L LT,
HFFERGORLBRENEREAR -, EITKFHARKA ] Verrucomicrobia). % # I
(Proteobacteria) « B AT & 171 (Acidobacteria) « ¥ & # 11 (Planctomycetes) . %k # 11 (Chlorobi)

Parcubacteria. X8 11 (Actinobacteria). AT H [1(Bacteroidetes). /37 & I (Firmicutes). % ¥
& I'1(Gemmatimonadetes) 10 Nam@ 11k, H ¥, KA 1 (Verrucomicrobia) 42T A £3E ¥ 6948
stHEEER S, TR E T (Proteobacteria) e Frt bk LIE P o903t F 4R % . @i o Z RS 40,
Bot ik L XIEMAMNBEL SRS TETOKREAL, MEARFE N EARRUERS EMEFHER
K48 DAFENRIRKR S G204 % 50k £ K 84 L3R 3 M BE 5 4 M) 28 AROA B % of ) & SR A0 9B 3U3%.

REEIR: AL, LEMAEY, RIS

X’

Foundation item: Wild Plant Protection and Management Project of State Forestry and Grass Administration of China
(20190730)
*Corresponding author: Tel: 86-10-86050152; E-mail: Ims19861004@163.com
Received: 12-03-2020; Accepted: 31-07-2020; Published online: 07-08-2020
BEE&WH: BEZEAERE MY RS 5 H(20190730)
*BIE1EH: Tel: 010-86050152; E-mail: Ims19861004@163.com

et HER: 2020-03-12; $EZHHEA: 2020-07-31; MLKRE L BHHI: 2020-08-07



2760 A 2 A

Soil bacterial community composition and diversity of typical
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Abstract: [Background] Soil microorganism is an important component of soil organisms and participates
in key biochemical cycles in soil ecosystem. However, we still poorly understand on soil microorganisms
in permafrost soils in cold temperate regions. [Objective] To study the microbial diversity and community
structure of the permafrost in the Greater Khingan Mountains. [Methods] High-throughput sequencing
technology was employed to analyze the soil bacterial diversity and community structure which were taken
from Huzhong National Nature Reserve in the Greater Khingan Mountains of northern Heilongjiang.
[Results] The composition of the soil bacterial dominant phyla were basically the same in the Larix
gmelinii and Pinus sylvestris forest. At the level of the phylum, the dominant phyla were Verrucomicrobia,
Proteobacteria, Acidobacteria, Planctomycetes, Chlorobi, Parcubacteria, Actinobacteria, Bacteroidetes,
Firmicutes, Gemmatimonadetes, of which Verrucomicrobia in Pinus sylvestris forest permafrost has
relatively high abundance compared with Larix gmelinii forest permafrost. Alpha diversity analysis
revealed that the species diversity of the Larix gmelinii permafrost in the frozen soil is higher than that in
the Pinus sylvestris permafrost. Moreover, the compositions and structures of soil microorganisms of the
two forest types were quite different. [Conclusion] These findings are intended to provide data support for
an in-depth understanding of the soil microbial community structure and influencing factors in the
permafrost area of the Greater Khingan Mountains.

Keywords: Frozen soil, Soil microbes, High-throughput sequencing
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BB, SRR S EEIR, ARG AL
BAk. skg B R, SRS S8+
SO A A, AR FORRY A Y 22
K AL, Chen ZEPAGREST LB, SR
R - 1R 1% BRZ FUK R 2 T SR Wi I 0T A
FAIR], 16 BR)Z A0 2215 Ve R Rl 72 20+ IR )
SEAE L B™ A S 2 S, R TN R A AL R
Fepe i @Y N, R ERA kTR
kb IERCE WIS S Z AR, X T
TR AT A R AR T VR AR S RS A AL R
BA T EENE L

KOG R L IXOE IR E FEM AR X Z
—, L TR KRG R X 2, I IX Uk 4R
BRGNS, SRR E 2w, Hil
SRR AR X 2 T R Zo 4
Uk DR BY DUEF AR 3, 2% 22 P8 M (Larix
gmelinii) FIRE T (Pinus sylvestris)fe: 2410 51
FREF AR o KOG LW T 2 00 A0 T 24 LT A
(Larix gmelinii) Mg T-#>(Pinus sylvestris) KT o 3%
B R ERAAR AR, KOGLIGVR T RET B
FHiRMb, FBOKAGLIZWA . WES)EE .
/R 115280 A R e w8 7 TR < e
AR R AR, B SERCE Y
A Y3 B 2 - IR = RUAR(CO, . CHL
L NOVRY B, FReZxf Bkl = SRHERO™ A2 1E
SR o AB TR R LEWE DL LI5S (Larix
gmelinii))FIEET-F5 (Pinus sylvestris)WK T 7 A%k 113

HEWRRFFERT S, SR llumina MiSeq 1= 18 &l /7
AR A A it v 240 TR U 45 1 2 R 2 A 4
B, DU R AR RS ZE WS Z AR 05 - X A )
IR AR PR R BRI P A A LA
1 RS
1.1 AR XEHR

KPLEWAFREARI, EREEEREL
ST Z —, X R T ORREFE A e, &2
BRKHE®R, EF2Z2WHEE, FTHARR
H—2--5.5 °C, HARIATIA-52.3 °C. ZHIX TR
+ KR AE 70% A4, T E A e S
47°00-53°30'Z [|], V¥R 600-800 m. R 1-7E
eI X R, JERERAAAE 130 m A2y, BEEZRRE
FEAk, Wk LIEREZ D, web i) K2 R
5-10 m ZoAi o IEDKIB R B LIS ZETE TR |
R FAAARAN PO 12,

A ST XA F IR VT AL TR D42 08 b X I
B % 2% [ AR 71X (122°12'16.3"-122°21'7.8"E ,
53°26'30.6"—53°28'6.3"N) . HJf 5% A Hh 3k £ Hh -
W RAZ B RGBT PRI R R e I A
A, MR VR TR KRR MR AN, i EAE
B
1.2 H@mEE

2018 4F 6 H #EA A bR BEFIRE SR AR, FEORYP
XN BRI T PRI DL PE A 2 Rl LAY (R R A2t
Y, BEPETT AR )2 A 244V R SR R AR - s
M, BEEEFRME AR — 3. B —2, Hfek
TEHFALEAR AT 300 m, A TRAAEARIGTEFR N
290 m. RT3 REEEH AR IE
PAFIRRE T RN B SRR ST, 242 9% i B AR F-H28
FEHAIFREE 50 500 mo 2 X 3 A R gt ik
Tt PLLTEMAAFREFAMRES 73514 30 450 35 4E,
PLATE N 14 4% (diameter breast height, DNH)
4 142 cm, FiTHY DNH 4 28.5 cm, X42:7%M
AR 18.5 m, REFAAF-I8 5y 22.4 m.
FER MR E 3 > 1010 m /MR T
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2018 4F 6 H#HATHURE, WBEZRAH 1-1.5 m. 1E
KA R, UK AR Rt R 2
MEEZ, Z—AKA10x10 m 38, SRIF R
X1 BRJZ B o0 Y S HE T B, EHBEHZEE A UK
an L, AR R L2, SR UK 21T
FEo RMIRIEREKE)Z 1 0-10 em 54, 5
APRILRAR 3 A L3RR . R IR L RETR
SJJEFRE L kg 3 2 mm i, REARETCERT, L
AURER G 5280 %, RAF T80 °C, HI T
DNA 2.

1.3 EEZERAFIFLEE

MOBIO Power Soil Extraction Kit, Qiagen/z}
Fl; 2xTag PCR MasterMix, Solarbio/A#]); PCR™”
Wit F &, Invitrogen 23 . Bk A ICE 94T
1%, Elementar /A7) ; NanoDrop 2000 236G,
Thermo Scientific 22 o
14 HIEBACERNE

3 pH (BRI M, TIESKACR AT
PE, HEEAHR . EBECRH CN JGE AT
G, ISR MBI O, AR
JIGNRETHER,

1.5 1% DNA 2B}

{#i FH MOBIO Power Soil Extraction Kit HR##15
AN 0.5 g it +HERE il (IRAFE-80 °C UkAR ) h i
Y DNA. KR EUY DNA #ifET DES
Z% " (DNA Elution Solution-Ultra Pure Water)H'
JH NanoDrop 2000 4365 DNA HR & K5t
i, RN DNA fRI77E-80 °C vkAf, M
R R 234 o
1.6 Illumina MiSeq 5

MEASEE S AR DNA FIERR, T
$4 MiSeq W7 FHAG A0 T 16S rRNA JE[K B,
HEHE 16S rRNA N V3-V4 @72 X514

CS1-34Fh (5'-ACACTGACGACATGGTTCATCACC
TAY GGGDBGCWSCAG-3")# CS2-806RV2 (5'-TAC

GGTAGCAGAGACTTGGTCTGGACTACNVGGGT
HTCT-3)#E4F PCR #8520 g 4 AN E 4 114

Barcode J@ AU 51 M, DL AHE G R .
PCR JZ WAKZ (25 pL): 2xTag Plus Master Mix
12.5 pL, 1E. M55 pmol/L)4 1 pL, BSA
3 uL, it DNA 30 ng, RGEKAME 25 pL. PCR
#AF: 94°C5min; 94°C30s, 55°C30s, 72°C
60's, 30/MEH; 72 °C 7 min, KA PCR™¥4lifk
R &XF PCR ¥ iifralifh, DASEEE/R MR IR
4, KH Illumina MiSeq ¥ & #E47 A 5wl ¢ 434
(2x300 bp).

1.7 MEFERES RS S5H

KX H QIIME (V1.7.0, http:/qiime.org/scripts/
split_libraries_fastq.htm)XJ J5 45 K 4 (raw  data) #E47
AbFEM) . SR Trimmomatic F 4 iE— 45 K mi IR it
FPa, HCE BARSOR . FPAIHCBE/INT 200 bp,
O fH/NF 30, SABMIE, 519mETAa KT
—ANAEETED, DLJTCIEE Barcode THAIIT S, R
HH Fast Length Adjustment of Short Reads (FLASH)
(V1.2.10) 3K FE B4 ) Reads ik H: Overlap Hf4%
B —FFH, PREMARILE RS 01, A
UCHIME ({4 3£F“RDP Gold %4 A6 Il Fn Bk
i S AT 5. R USEARCH M, 36T 97%HA1
PSR TR A2 R 8 45 43 25 BT (operational
taxonomic unit, OTU)®JE, 53] OTU MILERF
H, X152 OTU AURIFHNIL 732825001, IF
KA SILVA %4 2 (http://www.arb-silva.de) %] 15 1]
1) OTU #ATIHRIE A FEA OTU SRAEA(E B geit4h
SRV e PR R B/ N SR vk A T
MFHI 3 T 5%

AP o ZAERA] Chaol F & AL T
(Chaol richness estimator) . 7 4% - J& 94 45 %%
(Shannon-wiener index)#ZE/ERY, Chaol 7] Jiz ke
AKNFEE, FR-BABECELE TYRFE &
Yy o3 AT B S R 7 T ) 2R RS, @R Chaol
R Ae-anta g, AURHEA N F 2L
A IR o ZREHERRR T Excel 2003 %
B, SR Student-t 30 i T 22 5408, b K-F ik
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FETE 0.05 /KF-, %R SPSS 17.0 58 M. 8 IR
FEAS ¢ KB X AN R R AT T 1K g kP B i
PP, 2SR 0.05 FT0.01.
AEFR BT (principal co-ordinates analysis, PCoA)JE
F Bray-Curitis %, FfH KM Adonis Jri&x% A
PRALT VR A - SR D 7% 235 0 AR R R A T 40
i R B4 Vegan a0 328 . R Bioenv
Pt F RS A TR I, ERR S AT AR
TR R T 1T RDA 787, SRADSREA ¢
Rz 36 43 B AN R AR XS - S PRAL PR SRR Y) o 24
T Y52

T AL Y5 R A Excel 2003 %3, R
Student-r 5 %0 #4722 5 70 Hr, 43 Bk AR
0.05 K-, fd I/ SPSS 17.0 S8/

2 GRE54Hh
2.1 FEKER T IRBU MR

A TRART A 4 A3 PP e | s, 3%
pH. ALK . &R . . S8%AE L EF0
(P>0.05), {HAIEEKEEFETMPRESR, W
FEFAN R 41.46% . Ui FAAS [RIAR Y R -+ LR Ak 1 ot
TAIEARE, FRHAOKRIIAE—EE R,

F1 TEMEE L +IRBILERR
Table 1 Soil physicochemical properties of different forest
types permafrost

Item LG PS

pH 5.17+0.07a 5.29+0.04a
TSk E 88.09+1.36a 62.23+0.23b
Moisture content (%)

LR 36.69+1.79a 34.87+0.82a
Soil organic carbon (g/kg)

AR 3.08+0.42a 4.82+0.08a
Total nitrogen (g/kg)

34T 2.58+0.48a 2.79+0.38a
Total phosphorus (g/kg)

A 0.12+0.05a 0.16+0.02a

Total potassium (mg/kg)
T LG: &ML PS: . INEFEMUR 05, KK
F-2h P<0.05.

Note: LG: Larix gmelinii; PS: Pinus sylvestris. Lowercase letters
represent z-test, and the level is P<0.05.

2.2 WEYREE o SHMES

12 2 AT, NIRRT -+ 38R 41 08 AT A
M S AR R T 99%Lh b, JE PR S R
ARUR L 1A Chaol FE4UR ACE 85022 7 A
B3, HEVE AR R N 18 B 2 = TR T
P, T EYE AR + T IRANE OTU $ium W%
THEFHL
2.3 KRIMERE p SHMESN

IR AR B 21k F Bray-Crutis B 22k
TR GRMEN PR, ARERBI R AR
itz E R %, ST ADONIS A S AT
MESARE, 25 FERAANFEARE 1,
R*=0.3257, P=0.01).
24 WEDREEEWENS T

VAT IKF AR F R A, FREMNK
F /N 4K R W Proteobacteria  (22.92%) .
Verrucomicrobia (20.08%). Acidobacteria (15.19%).
Planctomycetes (14.84%) . Chloroflexi (7.14%) .
Actinobacteria (5.00%) . Parcubacteria (4.80%) .
(3.21%)
(2.00%) . Unclassified (1.90%) . Others (1.74%) .
Firmicutes (1.18%) (Il 2A),

Bacteroidetes Gemmatimonadetes

R2 TRARLHMEDS LS

Table 2  Analysis of microbial diversity in different
permafrost soils

Item LG PS

TH s 99.5+0.1a 99.6+0.1a

Coverage (%)

Chaol #5%K 1072.2+178.0a 1042.2+19.3a

Chaol index

ACE 1834 1 078.5+27.5a 1055.3+13.8a

ACE index

R BN Fe 5.9+0.1a 5.4+0.2b

Shannon index

B T 0.006+0.001b 0.010+0.000a
Simpson index

OTUs 1018.3+16.5a 972.0+18.0b

TE: LG: #MHA; PS: MiTHA. /INGFRAUR ¢ 1050, Kk
-2 P<0.05.

Note: LG: Larix gmelinii; PS: Pinus sylvestris. Lowercase letters
represent f-test, and the level is P<0.05.
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Figure 1 PCoA map of bacterial communities in different
forest type frozen soils

T LG: #0425 PS: #EF#y; MC: HIEE/KAL; SOC: £
igﬁﬁlﬁi)%, TN j:i%%/f\, TK: :tf@%&éﬁ

Note: LG: Larix gmelinii; PS: Pinus sylvestris; MC: Moisture

content; SOC: Soil organic carbon; TN: Total nitrogen; TK: Total
potassium.

MR F IR K BAERT R R, FREEMK
FIMEKIR N Verrucomicrobia (18.41%). Acidobacteria
(18.22%) . Proteobacteria (14.88%) . Chloroflexi
(11.52%) . Planctomycetes (7.31%) . Parcubacteria
(6.91%) . Actinobacteria (5.18%) . Bacteroidetes
(4.75%) Unclassified (4.39%) Firmicutes
(3.69%) . (3.03%) . Others
(1.72%) (# 2B). FIHFH BEFE OTU AKEXFAS A
BUGR + AR RIS 5 E T 0 (B 3), RT3 ]
DIEH, 2 DARMCREIR - AT 1 097 4
OTU, 435 94.81%H1 96.73%; HiFHAbk el &
A 60 1~ OTU, 15 5.19%; 427 MAARIR L5
&4 374 0TU, 5 3.27%.

FHPRUEA ¢ 378k, M I AR
TR - A RIS RN KPR 2 B 22 e T A (P
4), MITKNKE, Proteobacteria . Planctomycetes
Firmicutes W3 EETEARRIBMSEIR b2 R B2,
HApE#AF 3% Proteobacteria M1 Planctomycetes
FEE W E R TR, MRS58 Firmicutes F
I REETIEMRAE 4A). 1EJEKF FEE 4B),

PC2 (20.42%)

Gemmatimonadetes

Gemmatinonadaceae Acidimicrobiales

Xanthomonadeles Xanthobacteraceae
Anaerolineaceae TEN R FRMIETIR A B 52
5o, ot Ig mE A AR BB Acidimicrobiales
Xanthomonadeles . Anaerolineaceae FJ& 5T
BEFAAR, T F AR L3 Gemmatinonadaceae Fil
Xanthobacteraceae ~F-J5 i 2 15 TV& AR
25 AEMEFTHIRMERES TRBMHME
RS TTR T

W I PERT S OTU AT 4ie i
7% 2H Ok 2R 4T TU4Y 43 HT (redundancy  analysis ,
RDA), ZRANPE 5 fiR. RDA —HF1—4h, 4351
fERE T AHTARER AR5 76.25%H1 14.25%. AFHAK
Vi AN PR 254 32 5 -4 pHL (R*=0.935 2) |
BAGTRR=0.941 )W B E AR, bk
+ H AN TR 250 S A BBk (RP=0.991 9)Fn
FHEEKEL(R=0.841 7) B2 A,
3 WikE4ik

WA R AR, R AR S R G
Sk tsz B A R RL A ZSC . AR, R RUE
WAE g 138 35 R G b B O EE SR R A, A
YeFp T EITRMEIN . MW S HAEMYER RS RS
PR A TR Ay B P R
YRR 2, SSMMARE S, Bh YA
B LAY PRAERY . A AR S BT AR 5 TH Y
Wiy, SRR SRR RN | RoE MR A5
KA,

ZHEH P EmZRZRE R, W
IR . R . BE I MEOK IS SRR 1E
XSRS, IR YRR A A £
FEPE 2 52 B R IR AR BE A2 ), DR I 3 LK 3 A= 455
TR AT S5 D BEIE WM, RE A% TE AR i 17 L
A REME . IR KGR L X Z AR
kb SRR Y 2R, ASWT SR e
745G LT B2 HR R e Y A AL AL
RETRAE M S Z R SR AT T 200, IR AR S
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A Community analysis pieplot on phylum level: LG

Gemmatimonadetes: 2.00% Others: 1.74%

Firmicutes: 1.18%
Unclassified_k_norank: 1.90%
Bacteroidetes: 3.21%
Actinobacteria: 5.00%
Parcubactria: 4.80%

Verrucomicrobia: 20.08%

Chloroflexi: 7.14%

-

Planctomycetes: 14.84% Proteobacteria: 22.92%

Acidobacteria: 15.19%

B Community analysis pieplot on phylum level: PS
Gemmatimonadetes: 3.03% Others: 1.72%
Firmicutes: 3.69%

Unclassified k norank: 4.39%

Bacteroidetes: 4.75%

Verrucomicrobia: 18.41%

Actinobacteria: 5.18%

Parcubactria: 6.91%

Proteobacteria: 14.88%

Chloroflexi: 11.52%

Planctomycetes: 7.31% Acidobacteria: 18.22%
B2 MWETKFHRTEEGEN

Figure 2 Composition of bacterial community at phylum level

TE: A JEMAAMR; B: RETHMAK.

Note: A: Larix gmelinii; B: Pinus sylvestris.
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LG S VAR IR B0 254605 X 02
LG s FRALFARER. 22 6 ARG TR A R Hefi Tt

ez A AR 33 1) 81 49 135 H 228 B 316 )8
532 Ff, Hodr, FEAEY1ZEA | Verrucomicrobia .

1000 4134 1157
508} Acidobacteria. Proteobacteria. Chloroflexi.

LG PS
e Planctomycetes . Parcubacteria. Actinobacteria .
B3 REHZELHRAE OTU kFHR 4 N
Figure 3 Venn diagram of bacterial OTU levels in Bacteroidetes . Firmicutes. Gemmatimonadetes, H Bl
difforent frozen sols A7 BRI T A A 4 SR 2R

{E: LG: J&MAMMK; PS: HETHAMK.

Note: LG: Larix gmelinii; PS: Pinus sylvestris.

BEREVE LR, =V 8 o) R v g

A Student’s #-test bar plot on phylum leve mm LG
95% confidence intervals mm PS
Verrucomicrobia [ I—:.—I 0.526 1
Proteobacteria [ — I —e— **%(.000 648 1
Acidobacteria | I—.:—I 0.502 8
Planctomycetes [ — e * 0.02909
Chloroflexi | — —e—H 0.101 4
Parcubacteria | —e—— 0.343 6 v
Actinobacteria [ *—‘—' 0.983 3 %
Bacteroidetes [ |—.-:—1 03116 :
Gemmatimonadetes |ia & 0.123 1
Firmicutes |Bamm e : ** 0.003 026
Sacharibacteria | ® 0.963 1
Chlorobi | ® 0.113 8
Chlamydiae | ® 0.554 3
Armatimonadetes | ® 0.4253
Elusimicrobia | ® 0.1945
| SN S N N N NN N S N — — L 1 1 1 1 1 1
0 4 8 12 16 20 -15 -10 -5 0 5 10 15
Proportions (%) Difference between proportions (%)
B Student’s #-test bar plot on genus leve mm |G
95% confidence intervals mm PS
Tepidisphaeraceae |[———— I:—.—| 0.096 86
Planctomycetaceae [ —— —e—i 0.05173
Nomurabacteria | — ! o — | 0.470 6
Acidobacteria [y —e&— 0.5313
Chthoniobacter | ——— —e— 0.109 5
Candidatus_Solibacter | e 0.2303 °
Acidobacteriaceae | I—‘—| 0.9537 =
Bradyrhizobium  |— ll—.—i 0.058 52 :
Nitrosomonadaceae | HeH 0.359 4
Opitutus [ He 0.245 4
Gemmatimonadaceae | H@H, *0.02372
Acidimicrobiales | g *0.02892
Xanthomonadales | | . #*%0.000 527 8
Xanthobacteraceae | HeH) *0.024 07
Anaerolineaceae | e *0.039 65
[N I N S I N N N S N N — L 1 L 1 1 L 1 1 1 1 ]
0.0 1.0 2.0 3.0 4.0 5.0 6.0 -10-8-6-4-20 2 4 6 810
Proportions (%) Difference between proportions (%)

B4 AREMEFLHAEIMBKEEEES

Figure 4 The horizontal abundance of bacteria in different frozen soils

IE: A: TIKF; B JBAKF. LG: #&IHHASK; PS: BTHME *: P<0.05; **: P<0.01; ***:. P<0.001.
Note: A: Phylum level; B: Genus level. LG: Larix gmelinii; PS: Pinus sylvestris. *: P<0.05; **: P<0.01; ***: P<0.001.
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Figure 5 RDA analysis of soil bacterial community
structure and soil physical and chemical properties
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Note: SOC: Soil organic carbon; MC: Moisture content; TN: Total

nitrogen; TK: Total potassium. LG: Larix gmelinii; PS: Pinus
sylvestris.
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