Research Paper MRKE

WA %4 Acta Microbiologica Sinica
54(12) :1397 - 1405; 4 December 2014
ISSN 0001 -6209; CN 11 -1995/Q
http: //journals. im. ac. ¢n/actamicrocn

doi: 10. 13343 /j. cnki. wsxb. 2014. 12. 002

HE 8 NHEKE LT R RS E A EERR B9 R
AT 7 EAR R e SR AR

ep [ RE 22 I R R IERT AU, LR A AT G R R R A SRR L YT IR R 210008
P E R B EER A A BE, AL 100049

E LHMY P Heh W RS RE PR RS RGN M AR — R REEN SR
Mo SRS KRG 7 B by TR B VA AL 3 1) 2y S B AT iR e K7 2] AWFFUUT 20. 55° N %2 47.43° N
JE, RAE TR EAF 4 5 L 8 A A K HE £, B ] PCR-DGGE $i5 S &1 1% A1 2 48 K B B 73 #4875 AN [A) Ml oK
b B O R AL G A S 2 AN B R R AR AR R, TS X N 4 B (Canonical
Correspondence Analysis, CCA) Fl14E & K (Venn diagram) B ff 2= FF g o 3 10 25 1) 2> Sl . (455 Y Wt &
I pH A A IK BN KR A ob ™ BB b TR Y 2H R 23 e T 2 DR AR W A A RS 8 AN Hb 1R 7 R B R
T2 Al I R AR e K458 ] AR O B TR HE e F e o BRRE VR 20 A A T O R 3 s K
BT o ZNRADCH BT JAT Gy M 1A T B R AR b B SR O A G A B T AR A L)

WY 3 ] 3 o P52t A AL i e A 2% 1 ) 2 5

FRERIR KRS b 7 W Bt R VR AL ) 2 5 PCR-DGGE 45 80K %, a0 W 73 #r

FES%ES Q938

KRGS RO AR . SRS 1B
R 150 57 km®, Hoth 75% 4k T KR A
TG AR K20 HE K 25 - 54 Tg 1 ke ™ 5 o 4 2R 45
SE BRI 4% 9% o P o R 2
H DR A B A0 5 9 5 % B PR 0 2 R R PR/
RGN EW R — R EEN Y
B . FHWEKE RS TAIAE PSR
B 19 IR 460 WA A RN 6 A, A8 B HL /€O, LUK N2 T AT
BRI 2 W T RS . Horh, 34 W & 1k 7 H e
R BE— B A CH, HEICE KA, M
1M 56 FRG T BB 228 FF o b A » 7 R G i T4 8 il UG
Ml W) R 4 BR SR AR AL . ) B0 KR CO, YR BE T RS

X E 45 :0001-6209 (2014) 12439709

K R b ol K B0 A R g
B A R R A 2 3 S R e 3 IR 0 4 R
EE P A ™ o A A0 A T 0 1 A R R S
o LA R B T e T A7 T 5 R KR P A o T R
HFE e

HRIKRG L op e F ol R R I R A 2 DL R
AR BRI S 2 R 2 BN (H R A ) 4 S ) e
S o lE e B, A B B B I i i
BE A, BRI AL, Yo T IR b
H AL Th RS A7 76 LRI I 248 5o 49 4, 3 6 4R
A LB A A W K T S R A A L
S HURE S AR IR AN AR R 4 R

HEEWE:EHEARE YIS E S H (41430859) 5 [H 5K SRR 54 (41271256) ; + 58 5 &b vy #5485 J@ [ 5 05 25286 340 75 35 4 A

A 5 H (212000009)

CEAEEL o E-mail: yzfeng@ issas. ac. cn, xglin@ issas. ac. cn

PEEE AN M T H (1989 =), 22, W Fg & 0, fili LW oT 2, 8oy ik & 5168 . E-mail: qhzu@ issas. ac. cn

U5 B 87 :2014-04-09 ;& [a] H #A :2014-06-11



1398

Qianhui Zu et al. /Acta Microbiologica Sinica (2014) 54 (12)

A HURE 5 R B R AL S Y R
foc R 3R B D) AH oG, BT 4 il db s a3 &
b AN B fl A A i L IR RUAE Y S S IR E)
DA 0 7 3 1L P B T2 iy 1, 2 5 L M ML R A R
AL T A ) I U R A D Re Al A AR o e
e o T AL T e AR A R G0 R A A 1 K i » AT AT 52
M) 5 1 A a2 1) A0 S DR 2% B o R = B ol R ) R
7= AR FE A, DRT O AT HE I K R b R o e A v A
J 4 9 e T P B R A RIS W) o e B b [
P AN T AN 2D B 5 ) 6 2 B KRG L o = PR ot g
WA B PR 05 DY 7 A Al RO R O e 1 s
Methanocellaceae (Rice cluster 1) &2 /K f&4R fr + 3=
B P e Y o Conrad 25 5 i
(5 °F % W E 260) W KB L+ & W
Methanocellaceae (Rice cluster 1) 7E 2= B ¢ oy B 2 1)
A5 S 32. 0% 5 AT T BT 50 A A v 28 R 5 D e
WK ILZ R REAE M (HE P 33 B 15°C) 7K H% +-
7 HGE B Lk 13.0% T i 3L AE AR
CHESP S8 12°C) KRG L P B Ak 7. 0% 7
St 7 PR L R O AL I I S S AR T g
A T WG oy TRT R R T 5 H Y 0 20 T WT R A A
AR 5. BeAh, LT e by i — B U TR e AL TR
I R TR B B A% 43 A R I s K R T B
HREE AR R .

BT DL BRI RTET I A A5 R AR IR
[ 25 J3 B 3, SR AE T 8 Bt A8 () AR TR M S VL VG
B AN N e L TN [ B B N NP N 2 NN B
7 MRR R VLA ) K A5G 12, R ] PCR-DGGE fi& 4
P 1% R R 4 5 8 40 T 48 7 A [R) R KORS b
T RV LG A5 A B - R R AR AE R s
Ju %t N 4» # (Canonical Correspondence Analysis,
CCA) fi4e BB (Venn diagram) B fiff 77 B ¢ o7 B BF
WAL A 8] g AR . A AN AT B T AT B
T by SRR IR AR A b B 2 oy A, ik A B T
IR 2 LR L ) 3 Rl B R Y b AT WL T
o 1) 1) 22 5t o

1 BRI 57k

L1 fif H IR

T 8 51 R 7 6.4 B 58 4 DR 17
526 RS AA6 DX 8 A S KRR 1, e
DR o A B KRR L4 WA L 50 4E . T

2011 4EAE A Hu DX KRS BRI R A A i B A
HB DR 3 Ak s BEASRAE ARG 20 meo % AN RAF 51
BEALI 6 A5 0 =5 em [R/KAE +, & BRI T ALY
B RAMAG KRR RS o7kt
BEFE T —40°C BRI H T 8 B A P i e 1
R e AR T A 1L 20 H (0. 90 mm FLAR) 73 Ff
fii 2 o
1. A\ NMHXKELHEER

Table 1. The geographic information of each sample location

site latitude longitude T/C"
5 M (Leizhou) 20.55° N 110.07° E 23
J& 3 (Yingtan) 28.38° N 116.82° E 18
Me U (Taoyuan) 28.91° N 111.45° E 17
7 17 (Gushi) 28.95° N 111.85° E 17
3 2 (Jiaxing) 30.63° N 120.77° E 16
W # (Changshu) 31.93° N 120.71° E 17
# Ml (Yangzhou) 32.58° N 119.70° E 15
#F4¢ (Hailun) 47.43° N 126.63° E 4

N
Annual mean atmosphere temperature.
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DNA %% T 75 wL ¥ ddH,0, {45 T =20C .
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KR 5 519 1106F-GC/1378R AT H 14, 514
¥ % A 1106F-GC (5°-CGCCCGCCGCGCGCGGLE
GGCGGGGCGGGGGCACGGGGGGTTWAGTCAGGCA
ACGAGC37), 1378R  ( 5" TGTGCAAGGAGCAGG
GAC3) ™, PCR & W ] iRk # & Premix Taq ®
Version 2. 0 Kit (TaKaRa) ,50 wL #] PCR &R 50
ng ] DNA F#gi&. PCR W 414:94°C 3 min;94°C
45 5,56°C 45 5,72°C 90 s,30 1 ¥ ;72°C 10 min.
PCR §" #8 =M 4 1.2% (W/V) Tris-acetate— EDTA
(TAE) Bt g B %8 e b AL UK 36 iF . PCR = W) fR A7 T
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Table 2. The chemical information of each sample location

NO, "N NH, "N
site pH total N (%) ¢/ (SOC) /% C/N

(pg/g d.w.s) (pg/g d.w.s)
Leizhou (5 #1I) 6.53 +0.09b 2.88 0. 04f 17.02 £0. 26f 0.12 £0. 00f 2.31+0.01g 18.86 £0.23b
Yingtan (/& 1) 5.41 £0.01f 1.42 +0.20g 38.10 £3.96¢g 0.13 £0.00d 2.35+0.01f 18.33 0. 18¢
Taoyuan (ki) 5.18 £0.11g 21.89 0. 14a 97.76 £0. 40a 0.23 +£0.00b 4.31 £0.04b 18.99 +0. 30b
Gushi (#77) 5.63 0. 04e 7.77 £0. 04e 114.88 £0.41e  0.26 £0.00a 4.80 £0.04a 18.33 0. 26¢
Jiaxing (5% 2¢) 6.16 0. 10c 21.98 £0.35a 65.89 +0.83a 0.19 £0.00c 3.25+0.02d 17.46 £0. 12d
Changshu (% #4) 5.29 £0.02¢g 13.98 +0. 14¢ 2.88 0. 14c¢ 0.15 0. 00d 2.84 +0.01e 18.83 +0. 09b
Yangzhou (4% J1{) 6.80 0. 04a 14.39 £0.19b 9.18 +0.42b 0.19 £0.00¢ 3.54 £0.02¢ 18.52 £0.36bc
Hailun (J4£) 5.97 £0.06d 11.42 £0.21d 4.17 £0.30d 0.11 £0.00g 2.19 £0.01h 20.66 £0.35a

Data presented as average * standard deviation from three replicates. The appearance of the different letter means that there has significant difference in

one column. (P <0.05).
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Figure 1. DGGE fingerprinting profiles of methanogenic archaeal 16S rRNA gene fragments.
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Figure 2. Methanogenic archaeal Shannon (A) and Richness (B) diversity indices.
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Methanocellaceae

(AB036322)
FPI (NR 028171)
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Figure 3. Phylogenetic analysis showing the relationships of dominant methanogenic archaeal 16S rRNA genes in DGGE fingerprinting profiles

to the closest relatives in GenBank.

The numbers at the nodes indicate the percentages of occurrence in 1000

bootstraped trees. The GenBank accession number of each strain is

indicated in parentheses and the scale bar represents 5% sequences difference.
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o
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SE X L 53 AR
Figure 4. Canonical correspondence analysis relating DGGE

fingerprinting patterns with environmental variables.
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3 i
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5. i PCR-DGGE #5408 %, o 4 4 5 & [H 8

(A) Jiaxing Yangzhou

Leizhou

(B) Yangzhou

Hailun

Leizhou

Taoyuan

5. AT pH#E (A) MEEHE (B) 15 4 18
BMXERR bt R RSN ERE S

Figure 5. Venn diagrams comparing DGGE band memberships
among different soil samples along soil pH value (A) and latitude

(B) gradients.
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P4 AT RS B0 5 % B, E pH 6.0 A4, 8 I 412
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528 AT R R T LW R A P gl
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EAS 5 7 PR 0 3 T R R A BT . — T R
7 JEC A 2 T 5% R 7 R T R 4 R T
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Spatial shifts in methanogenic archaeal community
composition in eight Chinese paddy soils

Qianhui Zu'?, Baozhan Wang', Yan Zheng''?, Zhongjun Jia', Xiangui Lin'" ,
Youzhi Feng'’

" State Key Laboratory of Soil and Sustainable Agriculture, Institute of Soil Science, Chinese Academy of Sciences,
Nanjing 210008, Jiangsu Province, China
*Graduate University of Chinese Academy of Sciences, Beijing 100049, China

Abstract: [Objective] The methanogenic archaea plays many ecological roles in paddy ecosystems such as the regulation
of CH, emissions. However, knowledge gaps exist about the mechanisms of their spatial shift in population. [Methods]
We collected 8 latitudinal paddy soil samples from 20.55° N to 47.43° N in China, and studied their methanogenic
archaeal community compositions by PCR-DGGE fingerprinting and phylogenetic analyses. Mechanism of spatial shift in
community composition was unraveled by canonical correspondence analysis and Venn diagram. [Results] Soil pH was
one of the main environmental triggers to the composition of methanogenic archaea community in paddy soils. In addition,
community composition shifted along latitudinal gradients. [Conclusion] It is the first report on hiogeography of
methanogenic archaeal community in arable soils and its environmental driving factors. The information would contribute to
understanding spatial shifts in the transformation of organic matters along Chinese latitudinal gradient.
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