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 OE (7] Kot bR 2 &R E A AR T A B R SR8 R 3R, w LIEA ) R AR
ASEAREMF T RBEETZAEA. LB VIRE RS A RR AR EE LR MAMBEELEMAL
FEBEF ek %A, [T &R lllumina MiSeq i@ 05K, 547 3 A KRR (G MR, Fot
Atk FedE T AMR) IR ) fo A B AR LA A S AR, (4 R] 3APARA! P L 3K 1T 2 786 A~ m i BA4F &
% # 7, (Operational Taxonomic Unit, OTU), #/&F 38 i1 531 &, AP HRELANAZTHAT
(Proteobacteria , 31.45%-40.32%) . B #F @ 1 (Acidobacteria , 14.24%—40.16%) #= X & & 11
(Actinobacteria, 7.13%—22.15%); 1 803 AN A @ OTU £ /& F 811263 &, A FHHAHITATFHI]
(Basidiomycota, 40.43%—62.75%)#=-F 4 & '] (Ascomycota, 35.81%-53.68%). EA:Arm#7&BA, 34
WA P H A AR BN £ FZKTFHA £F. Mantel BIELRI T @ABHELLEMNE pH. &
#.(Total Nitrogen, TN). %% (Total Phosphorus, TP)#=4-7K& (Soil Water Content, SWC)EA £ # 48
X M (P<0.05), H-F pH #9408 X M A SR K AH A% 445 SWC.TN F= TP B4 2 & 48 X 44 (P<0.05),
HEF TN RERARRKR. TEAOWLEREZN, TPEEHRAT. BFA NN FELZLE EHX,
TN A= SWC 5BAFH . TERANERZFEAL, pH H5RKHATTZ 2 F E40%(P<0.05). [£#£]
FEIARA ) L3R M A DB R MG ERE 27, UM A ANER L EZIREHE T, 2R
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sensitive region to climate change in China, and soil microorganisms play an essential role in maintaining
the structure and function of forest ecosystem in the cold region. [Objective] In order to explore the soil
microbial community structure of different forest types and its relationship with environmental factors in
permafrost region of Greater Khingan Mountains. [Methods] Hlumina MiSeq high-throughput sequencing
technology was applied to analyze the composition and diversity of soil bacterial and fungal communities
in three typical forests (Larix gmelinii, Pinus sylvestris var. mongolica and Betula platyphlla). [Results] A
total of 2 786 bacterial OTUs (Operational taxonomic units, OTUs) were obtained from three forest types,
belonging to 38 phyla and 531 genera, of which the dominant phyla were Proteobacteria
(31.45%—40.32%), Acidobacteria (14.24%-40.16%) and Actinobacteria (7.13%—22.15%); 1 803 fungal
OTUs belong to 8 phyla and 263 genera with dominant phyla being Basidiomycota (40.43%—-62.75%) and
Ascomycota (35.81%-53.68%). Principal coordinate analysis showed that the differences between groups
of bacterial and fungal communities were much greater than those within groups. Mantel test showed that
the bacterial community structure was significantly correlated with pH, total nitrogen (TN), total
phosphorus (TP) and soil water content (SWC) (P<0.05), and the correlation coefficient of pH was the
largest. The fungal community structure was significantly correlated with SWC, TN and TP (P<0.05), and
TN had the highest correlation coefficient. The results of redundancy analysis showed that the relative
abundance of Proteobacteria and Basidiomycota was significantly positively correlated with TP. SWC and
TN had a very significant positive correlation with the relative abundance of Acidobacteria and
Ascomycota, and pH was positively relative to the Actinobacteria (P<0.05). [Conclusion] There are
significant differences in soil microbial community structure among different forest types. Clarifying their
distribution and main environmental driving factors are the key to grasp the process of forest ecosystem in
cold regions.

Keywords: forest type, microbial community, high-throughput sequencing, Greater Khingan Mountains
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AR R, ARG P EARAREE, i iy 2
A A, EEE . BAMRSER R, RETERRAOKF
R IR A2 ZR R B R S i T S R
TEFRBE A YIBESE P53 T 73z 1 ) R R 2R
AR B 358 TR 22 1Y) 8 T ) AR 2 43 1y 25 Y
ANa], WOER S XF T L W) 22 P IR I 2 40 7 A S
SO SNy ik — 20 BT AR B 5 I A P TR RE & 06 3R A
FAMLER, AT ZEIBOR DS LS FIHERR | 75 I FA KD
FEF MRS, 32 F 1llumina MiSeq 573 &
WP HEAR , RGE5 AT 3 Fh RS Y b 3 4 T FN I
DAREVE 2 8 S AR SR R T 5 I
WA Z A5 R, DR TR A AT = 26 FE X
AR 25 22 G0 00 ARk A A2 A 18 B i A ) 1o AL )
PRt RL A

1 ARSI

1.1 MREH#HR

F 5T XA T R VAR R 2 U i, X Y] T Y
T AKk3%(53°27'N, 122°15°E), 4EHSIR-4.9 °C, F
HITCREW 90 d, AETRRE KL 430 mm, EZFEREK
i A AERK R 60%—70%, AR @AM,
WAAF K LA+, IR BIZIREE 0.7-3.0 ml,
HiH AR Y A FEIR AT BT AR, 2 A A A 45 2%
L% A (Larix gmelinii) . #5F#5(Pinus sylvestris
var. mongolica) . Fi#(Betula platyphylla) . 1147
(Populus davidiana) . ¢t #k(Quercus mongolica) .
B+ (Pinus pumila). £I5 = 4% (Picea koraiensis)Fl
L (Betula davurica)Z M,

TE R D420 Z2 48 TR - XML Y RS (9 ME AR
BHL . & H#AFK LYL FIfEFHAFK ZZL) 4300l &
3 Bt 100 mx100 m [ SL ke, 7EREHREHE i
B 5 mx5 mE 4 34, 2016 4% 5 H HIETE )2
- EBAL T AR, H X A L BRI AE B T N
KA 0-20 cm IREERY L EERESL . BREAYE. MY
WRARLELRY), REHWSEKE A BAR%E, W
IS IV B s K A S e A T e W = 23 |
20y — Oy HER T4t 2 mm 0 I F 4 S B AL P

MSE; B— I EAE T80 °C kA T ik
Yy EE Y
1.2 EZERXFIFLE

PowerSoil DNA Isolation Kit, MO BIO /~ &l ;
EasyPure Quick Gel Extraction Kit, &= 44
BEARBAIRA A . BA UK BT, BB 53 Y
ey A S S T4, Skalar 4 BT XA
YNEI
1.3 TIEBUMRNE

+ 48 pH ECR AN ; HIEEKER
FHBEF 00 5 4398 A MLER A AT i 1 LAk A
FHEA BB BT A 5 HIERE S A(NO; -N) .
BEASA(NH, -N) | s RURD LB (8 FH 34 252 3 3 o0 i
AL E o
14 TEMEYISEENRF

T3R5 DNA R BCR ] PowerSoil DNA
Isolation Kit, X4 16S rRNA JE[H V3-V4 X ik
17 PCR ¥4, s 549 341F (5-ACTCCTACGG
GAGGCAGCAG-3')#il 806R (5-GGACTACHVGG
GTWTCTAAT-3'); X} FL1# rDNAITSL Xi#E4T PCR
8, 51455 RH ITSLF (5-CTTGGTCATTTAG
AGGAAGTAA-3)#il ITSIR (5-GCTGCGTTCTTC
ATCGATGC-3"), 5|##smFEs Barcode J¥4bRic
T IX A AFEFES . PCR WA Z . 5xFast Pfu
Buffer 4 uL, dNTPs (2.5 mmol/L) 2 uL, iF. 5[]
51¥1(5 pmol/L)4$ 0.8 uL, Fast Pfu B-4/iF 0.4 uL,
Kt DNA 10 ng, F ddH,O #M&E % 20 pL., PCR J2
i 4541 94 °C 3 min; 94°C 305, 55°C30s, 72 °C
30 s, 25 MEFR(4HTH); 94 °C 205,55 °C 20'5,72 °C
30s, 30 MEFF(EAE); 72 °C5min, PCR “¥1/H
2% IR HBE I FL VK R, SR EasyPure Quick Gel
Extraction Kit Y[ PCR 7=#), Tris-HCI &AL
Je R AR 0O i R T A I, 4 A
BORGRAREAR DA THN LU BINR G, B LIRS
A28 wHERT 1lumina 38 sy .
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1.5 HIESH T HiA 2 S ARE (P<0.05)., 3 S HLER AL A 1Y

K Trimmomatic /438 J5 4k X B 4 H
RS S AR PR 7 81, (R FLASH #E7 7 Df 42
J& Kb G, BB BAFEAR R BT 5 T a2k
53 BT HIH CD-HIT J5 v4% B8 97% A0 (LR #E47 OTU
R4, AN ETE B2 Silva F1 UNITE %8s
FEQEAT HEXT , A3 8BS OTU X0 ARt 4328105 B .
izl QUME A Mrid AW Z e 8, fds
Shannon-Wiener Z £ 45%0F1 Chaol & FE 454K,
1E1 ] (Phylum) FilJ& (Genus) 3 25 7K - | H B8N [] bk
A SR A R R A N = . s R B2
F UniFrac BF & %8 1k JE 17 3 A8 45 43 BT (Principal
Coordinate Analysis, PCoA)., A [a#k#[a] 135 34k,
PEJR 2% 5232 ] SPSS 20.0 i {F dEAT BN & Oy 22
(One-Way ANOVA)/MHT, A5 -8R EE 1
5 A A Mantel 56 F1 9045 53 H7 (Redundancy
Analysis, RDA).

2 HR54W
21 THIEBUHERD

W3 1 iR, 3 Fbkad ] + 3B A 1 5 22 S 4%
Ko EIHEPR L8 pH (ERAKH 4.46, BEMRTVRMT
P Ak F0 A T B K (P<0.05) . T IE S K EA T
12.58%-29.10%:Z 7], fe—f-Fabk 1385 /K i i K

£1 REKE LSBT

LI 7& - PAMKR(36.67 glkg. 6.75 g/kg) 5 FIHERK
(34.38 g/kg . 5.62 g/kg) TG {2 & 2 5 (P>0.05), {HiE
FETRITHAMEK(29.74 g/kg. 3.11 g/kg, P<0.05).
3 FlUbRARL (] L3 AT A HLER LS T i T
255 (P>0.05), T AR R A SRR I N FIHE
WA S, 43k 21.13 mg/kg Fi 25.60 mg/kg; FE
TIAMRIRAR, 43510 13.47 mglkg F1 8.15 mg/kg.
- A PR 498 i G L S R R I R BRI 1 e
K (P<0.05) , M % M #A K5 I HEAR 22 5% A 1B
#(P>0.05),
22 TIEWMEMEHEZHMN

i3 Nlumina /& T 730 4615 215 852 4%
A 16S rRNA JERI 1 176 327 4 ELH (DNAITS 1 X
TS, 4% 9TAEIEE SRS, Hrh4iTE 2 786 4
OTU. HTH 1 803 4~ OTU, £HH N5 SCHA w65y
TE 98.35%LA I, RRfE S B G 4e 0 BL R R bR 1 48
A MR ) EL 21 DL (36 2) . ZZL 1341 1 Chaol
EH0(1 979) & = T BHL (1 271)F1 LYL (1 654,
P<0.05),ZZL #1 LYL fi% Shannon $5%¢ 2 S A i,
H_F MB35 T BHL (5.37), T3 EE Chaol
FEEOF Shannon 8401 LYL (880, 4.97) %
# T ZZL (620, 4.01)F1 BHL (706, 4.18).

Table 1 Physical and chemical indexes of soil samples of different forest types

Bk R Physicochemical properties

A Forest type

FIHERR BHL PR LY L FEFPbk ZZL
pH 4.460.13c 5.22+0.29h 5.91+0.21a
&K SWC (%) 20.87+1.10b 29.10+3.30a 12.58+0.60¢c
SRR TOC (g/kg) 34.38+0.68a 36.67+0.93a 29.74+1.75b
Al A LBk DOC (mg/kg) 27.27+0.51a 31.20+3.59a 25.85+1.89a
B TN (g/kg) 5.62+0.19a 6.7520.46a 3.11+0.39b
HBE TP (malkg) 468.53+50.99a 504.50+40.50a 448.17+43.82a
HEAS S NH,*-N (mg/kg) 21.13+1.73a 18.93+1.78ab 13.47+2.86b
fii &% NO3 -N (mg/kg) 25.600.64a 18.20%3.62b 8.15+2.23¢c
&t CIN 6.13+0.47b 5.51+0.62b 9.52+0.73a

TE: RPEEE P RE AR s ARR/NG FREFOR A F AR 1380 B B AE AR LE 0.05 KT T 25 57 i 3%
Note: The data in the table is the meanstandard deviation; Different lowercase letters indicate that the physical and chemical indexes of
soil samples of different forest types are significantly different at 0.05 level
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Table 2 Soil microbial OTUs and diversity index of different forest types

DEXy eS| OTU K Z L% FIHERR BHL FEFAMR LYL FEFHMER ZZL
Microbial category OTU and diversity index
A OTU 1238+127b 1 465+163b 1 809+104a
Bacterial ["] Phylum 25+3a 30+la 27+1a
2¥ Class 42+4h 65+5a 59+2a
Coverage (%) 98.96+0.25a 99.07+0.12a 99.24+0.06a
Chaol 1271+36¢ 1 654+33b 1979+31a
Shannon 5.37+0.31b 6.81+0.27a 6.74+0.63a
=N q) OTU 674+31a 737+15a 543+26b
Fungal I"] Phylum 6+la 7+la 6+la
24 Class 14+3b 23+la 21+2a
Coverage (%) 98.67+0.52a 99.03+0.07a 99.15+0.23a
Chaol 706+14b 880+19a 620+21b
Shannon 4.18+0.06b 4.97+0.12a 4.01+0.03b

TE: RPEAE I ELARIEDE ;. ARG FRER R AN R MRS - e A M) ZREETE 0.05 /KF R 28R 3%

Note: The data in the table is the meantstandard deviation; Different lowercase letters indicate that soil microbial diversity in different

forest types is significantly different at the 0.05 level

23 TEMEMBEEREMSN

RIFRERTR DL 3 FhARARIETY + HEi A
TEEEF A SRR, XPRAE R OTU 74
PR e, 3 FhAREY +3ERE S P ANER OTU KB
F 381792 44 191 H 355 B 531 J& o KA % F AL
F 1%L B AR 2K 1 A T A2 SR 1) 4 B o L T
I9F Others. 7E[ 17K & MRA 0 AN B 2K
AL T 1 (Proteobacteria) | itZk 4[] (Actinobacteria)
IR FF 1] (Acidobacteria), b AH X34 42 B 15 5]
69.76% LA I, [HAS [FIMRTR (B 7 AR 3k 25 57 (K 1A).
BHL FRAT BRI A A XT38 F B e 38.44%, H
AR TE 1R [](36.86%) AL I [ 1(7.70%) . LYL
M ZZL MR AL RUARERL, DURTE R T TARXF-34
FRERE, /090 35.93%7F1 33.18%, HK MR
B 1) (16.25% . 23.07%) . i £k W 1] (21.55%
13.51%)., A[RIFRHY -3 425 T ] (Chloroflexi) .
i ¥ & '] (Bacteroidetes) . ZF H. il ']
(Gemmatimonadetes) F1 4 f 14 ] (Verrucomicrobia)
FOARXT = BE SR AT 1%, o 3 B RN R 2R
PR 25 T 117 LYL (7.81%) H (AR X -2 = Ji g 3%
BT ZZL (5.29%)F1 BHL (1.35%)%h, HAh4iE ]

K TCE 255 AFEME 580 5 B OTU
BT 817294983 H 175 Bl 263 J& , Hirh4H TR
'] (Basidiomycota) #1 %% [ | '] (Ascomycota) 4 fIi #
1125, A8 Ak [ 4 5 oA 40.43%-62.75% FiI
35.81%-53.68%, HAAFKI A BHL>ZZL>LYL i
LYL>ZZL>BHL (& 1B),

Ja& 7KV B A B A R 2 A3 A 4 SRR BT, 2130 30
i#i J& (Rhodoplanes, 8.94%-11.03%). DA101
(5.02%—8.78%) . FRfT # )& (Acidobacterium,
4.76%—-8.52%) . {4 % J& (Pedomicrobium,
2.02%-4.37%) #1111 5 [C I J& (Burkholderia,
2.58%—3.89%)4% BHL +IEANE K L3R ;
LYL #9PL3E 43900 R 4 B AT 1 & (Mycobacterium,
5.01%-8.64%) . Methylibium (5.25%—7.38%) .
Candidatus Solibacter (5.74%—7.15%). {A55LESH )&
(Burkholderia, 4.69%—6.57%)F14L {750 % )&
(Rhodoplanes, 4.25%—6.07%); ZZL Il]>} Candidatus
Solibacter (6.15%-9.02%) . £1Jif# 5/ 4 J& (Rhodoplanes,
6.12%-7.51%) . DA101 (4.19%—7.74%). {17 R
J& (Burkholderia, 2.02%—4.77%) M/ F T 5 &
(Mycobacterium, 2.23%—-4.58%) (K 2A). J& /K
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Figure 1 Characteristics of bacterial (A) and fungal (B) community structure at the level of phylum in different forest

types

(O EL AR XS F2 BE AN IR 2B TR, BHL - 3E AR RS
{h#J&H Piloderma (22.63%-25.17%). =3 )&
(Cenococcum, 18.64%—22.61%) . 7.4 J& (Lactarius,
8.91%—12.32%) Fl1Z1. 4 & (Russula, 8.59%—10.87%);
LYL 43 J& by ki I 4% 14 J& (Wilcoxina, 16.55%-—
18.63%) . 2:54-HiJ& (Inocybe, 8.62%—11.71%). %
5 4 J& (Hebeloma , 5.17%—6.97%) 1 ¥ 4= 1% /&
(Tomentella, 4.52%-6.36%); ZZL M| A= &
(Cenococcum, 9.75%—12.65%) . Piloderma (11.74%—
12.32%) . FL4E )& (Lactarius, 7.02%—8.94%) AR 4
I J& (Tomentella, 5.52%—7.48%).

Shy ik — 2 B WA AR ] 7 A V% P o 20 B ) 22

S, SR PCoA Fp A it 3 Flvbfsd + HE 240 1 A
EREVR DRI 2 R AR o 25 REHT, B pRE
SAEEHRETF R, BEUIREA R PR
U, SN AR /N, &l 3A B, PCL il PC2
Ay SR i T 251 56.06% . 21.37%, PiE Rit
Tk Ik 77.43%, PC1 ¥ BHL HY4HEREIE S
ZZL. LYL B X43HF, PC2 ¥ LYL 5 BHL
ZZL W B IX45FF. MK 3B A LLE , PCL il PC2
ERTTHCE L 64.65%, PCL ALK LYL (9 ZLEREVR
5 BHL ., ZZL B X453 HF, PC2 n¥f ZZL 5 BHL ,
LYL B X TF . 3 PR 4 200 o Al B e VS 4
) 22 i KR FAHMNEF
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Figure 2 Characteristics of bacterial (A) and fungal (B) community structure at the level of genus in different forest
types

A 08¢ i B 04 |
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0.6 eLYL . | oLYL 1
vZ7L | 02} vZZL | L
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Figure 3 Principal coordinate analysis (PCoA) analysis of soil bacteria (A) and fungal (B) community in different forest
types
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24 TIEINEREFEREYREXME

Wk Mantel 43T As 56 i A I ETE 4540 5 1 4%
PRBE N ] YA OGS 2R (3R 3)0 AE2RIEN, pH X4l
PRV 435 P A B2 R e K (r=0.735, P=0.001). [H]E,
SWC. TN F1 TP XJ 4 i Hf V& 25 bt HA 12 5
(P<0.05)., ELIFHFIELEM 5148 SWC, TN #1 TP
5 M 56 (P<0.05), Hop TN 52 i K
(r=0.677, P=0.001), if—XMLHMAEYEREY
TIEA LA F #HATICR 4 HT(RDA), FE RS 1
(46.6%)F1 5> 2 (10.1%) 231 e - S A0 R BETK
ZEM ARSI 56.7% (& 4), i, TP 525 HE ]
(Proteobacteria) & {3 IEAH 5 ; TN 1 SWC 52 FF
B 1] (Acidobacteria) i 2 # 1IE A1 ; pH 5 H ]
(Actinobacteria)f it IEAHC . &l 5 R ELIA 5 -4
WA T RDA HEP I, B 1 M3sr 2 1
TR > 518 51.2%H1 13.5%, Wi LR 64.7%
W EZS, ERERW TP 58 F R
(Basidiomycota) i % I AHIC ; TN FI SWC 5 F R4
I"J(Ascomycota) . # 1A% .

& 3 Mantel EMEVBEENS TIRIIEEFHY
LEPS K

Table 3 Mantel test the correlation between microbial
community structure and soil environment factors

BT AR FLE TV 458
Physicochemical Bacterial community Fungal community

properties structure structure
r P r P

pH 0.735 0.001 0.187 0.225
SwcC 0.406 0.011 0.536 0.002
TOC 0.073 0.251 0.353 0.090
DOC 0.156 0.131 0.219 0.185
TN 0.574 0.003 0.677 0.001
TP 0.432 0.012 0.483 0.015
NH,"-N 0.058 0.285 0.071 0.479
NO; -N 0.063 0.221 0.226 0.143
C/IN 0.143 0.157 0.172 0.258

1.0y
Actinobacteria

Verr:rcomicmfbm pH
g d / SWC
= Chloroflexi~—. o BTN
= 00} 2 B — ‘AcidoLac.feria
= Gemmatimonadetes TP
E Bacteroidetes Proteobacteria
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Figure 4 Redundancy analysis of dominant bacterial
phylum and soil environmental factors
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Figure 5 Redundancy analysis of dominant fungal
phylum and soil environmental factors
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S € NES I e AR S IR Z N NN E K23
SN - AR W R VR A5 R RN 22 R Al I O T
BRI 8V 0 - ik o 23 1 TP, TSR 2 TR AR
A UL = AR Y 0 A T m B £
PEEP X AR S A —B, gk asPUR g
IR, -3 pH RERE AR AR X R R AR | AR
PRACIINE P DL R RIS 4 00 3R, BRI
AN TR 2R, E B 5 pH BB UERUE Y
Ao AHIFSE HR EERR 13 pH (A AR 4.46, X
0 ¢ v e o ) B IR A A P 3

3 PR 8 B A A B R AR
T MR T T HEARRIURFAAR, 1T FTEAR S5 A
PAPRZERAK(F 2), X GBS P BUR i an B
SRORAP X 6 FlvbRAR 1 ETT B A 7 AR MR R SR 45
FEALL . T BRI F-4 B R A ARl (I Ay
WTFREYF e AR EEDE T HRZ, GRFF
SIFR R s RS TRAMC B SRR, IR Hiu T
VRPN I, TSR L
ZMMELIMBEIIARTR R . 4R BT ARIESY)
T i T AR AR i g A A
A WL IE S B0 T L R R Ve L

I TR AR AR I & R R8T 4
A 2R . 34, YT AR R
Behi A OLIR . BEZRANm SR AR =, X
AR | B0 R A B 7 AR T A SRR Fr) 5
M, AR ST, RRZEER AR
YR Rt N i b2 XN AN P VS ) i 7/ 1D 9 & N
PNV, SR SERUE Y 2R T2 5, T
T2 ST R AR ST RIS IR L [V E 4521

AWFFE R 1lumina MiSeq 753 I H A
N KDL AR 41X 3 Fh R AR AR - AN B £
FEPEZETT 16S rRNA L 74347, {H 16S rRNA
JE DR A N S 2 T SOV 2 R M D 245 R A
#5o Sun ZEPIRESERI, 18 3%KE T V6 X
L REPE R A AR B e (12.9%) , 11T VA-V5 [X 77

AR ZE R /NB.0%), HRCh V3 IX(5.2%). A,
ARSI PR 16S rRNA LR V3-V4 X, LI AT HE
b FEAT A T 2 R o A ) e A R E L A S IR e
VA4-V5 X EERF AT 08, AR RS
Tl ) 22 R %) e A R B o R A
32 AREMETIEMEMHELEHWESR

3 BRI ISR AT TT] . BRAT A
IR T (8 1A, X 5 3 2Pt
FRAR A S R VR B A5 R — 30 [RIRT, FEZFl
AR S RGEIAEE TP R B B BT R T
IR TR T TR AR, 18 B S TR 1 AE S IR AR
G, FRAREREE A b 3 1 i S PO AR S
3 PRI A AR TR B AR G = B I i 3 7E 31.45% )
FHAFARE N 2E AR, BRI A4 R
T 150 23 B € X AR AR A A IR A R T Ak
R REEAMEN . BRATH T R OOR TR 1095
— RIS, MR IR AT T 1A ARX P
Ji£(38.44%) &8 2 /55 TR A MR 3% I FA R (23.07%
16.25%), X/ TRRATHE ML ATER . 5
FEFRIORE B bk 4 pH AR, HIEAE
WA 1 (25 A7 FNESHE, 15 Naether 2525 45 a4
oo TR TR T 8 2% ER P 7R LA 40 27 4 R
AFZ RSB, HA X B R BN 75 R bk
F e TR AR ETERR , U B TR A MO T T
BONPAE B LEAFEREE . MEARZLIE 3111 20 TR A T
- $5 F= B (10.07%) d5 5 HL B T IR AL AR
(5.43%) FIHE THAMK(6.70%), %42 T4Lish )R
HAMARMEN, A8 ME IS A YnY6e
PR, T I REAR 398 A A ORI A R i W 2 B
R Je 240 TR 1) BB A A R AR L T RAF R IE A

AT 3 EL T OGS R R D I AN
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S 1B). RTINS A A R bR R+
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g E SR, Hrh PR 1 2 RIE AT, X

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



1102 (DGR ESTE(

Microbiol. China

W i 52 i ML IS 25 S B R S T 4H 7 7 20 A%
TR R B A ST 2T 2k Ry s B0 TR R 42K
KK L, Piloderma., & FG 4% I J& 12 AT 5 @ AH XS
FRER . Piloderma fJ S5ATE BN R, 42
e AE FRE R IT R M RIOR FIRICR , HARX 3= A
UMb 2 8 T 75 M AR R bk . Cox 25F7)
(25N R Piloderma X i & AT 3R A PE R B T
AR A0 17 o P A AR R A 3T A A it
J2, BARWIE B AEE A R T Piloderma £
Bl ISR 25 5) Wl sl A Py 5 A4 o3, (145 115
RIRAF ) Bt 4h 78, Xt ibi ] Piloderma LR AJ
EXFEH bR R I A 22 B i R SRR
2y 2016 AERA R E B C SRR, 2 BIE B2
FIE TR AR, AR X 3 B AR Ak ™ A 1 A= AN AT
SRARAT, AT RS AN (A ) PR+ e R A
Ko 73 TR & FUPE R AR B ane i WL AR B I
P 22—, A5 H A BE RIS T A AR X - 2 2
439k 20.88%71 10.97%, 1M 7% HFAMKAIY Ny 0.41%,
LI PR A AR B T g e A A R
PV R D218, 23 P s Sl AN i 1 SR
855, DN 2 P e A T 22 A P A R R A
Vo] IV AR B A A AR AR | R AR I B T L A
Yy 22 FEPE I R R 22 5 DA IR it AR i K
AL S A AR 1O, A 002 1% AT e X 2R b 2 25
RGO EE BOK A 7 A (5 52 ), oA 4398
FR AR PRV B o0 AT AR ORI 5 2L R, 3 1T 5 i
MEBS RGP EY TR IGIR L,
3.3 IMEREFXTIEMEYIR N

T 2ok X R A ) R I AR R B I Y
Mantel ¥z36 & 30, 3 pH, &KE . SEFLERE
JERM KDL B 2GR X 3 RS Y
BETRLE R T BIR SN 7 XIPEE IR s
TS AL BB U S I 2 TR IR S
FEPE R B R 28, Horp 398 SO 5 A8 T8 BT 1 A X
EREE R E MY, BmH RS e R,

FIREAR b b 3 SR S R AT TR 1T A A G = B 2 I
IEMZE, X SGARFFEEE RARML . AR T B T T RR A
I TAH P T AT O], Bl R o
FRARBLFERR , IR TN REEE R I FEE M+
Herh Ho . FUtR I 7 AR
oy TR YRR AR ORI & B, 38 pH Ay
K LR A DR 1 s R AR 9 3
pH X T i K, HIEE/KE S FRE]
B EIEME . 1 pH AT @ Rk . ZOCR
FF 2R 0 AE + HERks | Vb i A W TR 4 h =k
SR YT S K DU S B R SR 406 R A
Py A A Il el AR A A R T, IR 4 K
V45 B Sl A A 200 B R B 11 5 3 s ek, AR 1
S SRR, fEm S X A S RS
H, B RHERERER AN, VSRR | I Bl 2
TR A ZR AR i A3 A S 2 B B - S
YIRS A RN R ik, Wi R
AP A ESREE RS G OC R DY, BE T A Hh T A
FMABRGELR, A IR — 25 T R 2 4 45
G2, LR SR A AT N IR MR I 4
RNy G X6 PRI S o 1 g e 2 AL

4 i

(1) FEENPES R RN, K%L AR R
TIPSR ] . BT DA T I R A
11, JBACE FELE sl TR 3BT & Fil Candidatus
solibacter AHXTFBE# o HERALF AT AR
IR, JBAKE E Piloderma, &G E
2 P A S ARG T B i o AN AP ] -3 3k
EYFEEZEFER,

(2) PCoA 43#rH, 3 FhkH 4 SE 40 B Fil EL
PR VR 4Ll 22 S K FAL N2 5% . RDA i &
MW, FHELSEESAIRRET] . TR A
K, HEERAMEKEREWMBRITRE] . FRE
TGRSR, RTINS 38 pH &t 2%
IEAE
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