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Spatial shifts in purple photosynthetic bacterial community composition in paddy

soils along the latitude

ZU Qianhui '*, WANG Baozhan ', JIA Zhongjun ', LIN Xiangui ', FENG Youzhi "~
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2 Graduate University of Chinese Academy of Sciences, Beijing 100049, China

Abstract ; Purple phototrophic bacteria (PPB) are a diverse group of Proteobacteria that can use sulfur, hydrogen, iron, or
organic compounds as electron donors during light harvesting reactions. Because of their metabolic diversity, PPBs are
distributed in a wide variety of ecosystems. They participate in, as well as drive, the processes of the carbon cycle in
ecosystems. Among terrestrial ecosystems, paddy soils are a preferred PPB habitat. However, gaps exist in our knowledge
about PPB community composition in paddy soil and spatial shifts across a large geologic scale. We studied the spatial
distribution of PPB in nine representative paddy sites, along a large latitudinal gradient ranging from 28.38° N to 47.43° N
in China, using PCR-DGGE fingerprinting and phylogenetic analyses. Mechanisms for the spatial shifts in community
composition were further elucidated by canonical correspondence analyses and cladograms. It was found that the dominant
paddy PPB guilds are purple non—sulfur bacteria, affiliated with alpha and beta branches of Proteobacteria. Soil pH and air
temperature ( latitude) were the main environmental triggers that influenced PPB community composition in paddy soil. This
knowledge will help us to better understand the key species in paddy soil. In addition, this information will contribute to the

comprehensive understanding of spatial shifts in the transformation of organic matter along the Chinese latitudinal gradient.
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LML A B & B4 .CO, NV FANLER FEE CH, . CO, & 58 0 A 40 T - i S T SR L 0 BT
Wit B LT3 A 2 58 6 5 A0 B T R B B R 22—, KBB4 25 801 & A AT L) Calvin—Benson 1§ #5121
CO, ,/LEBAY I C4 HEERD . BLAh , A WL IR M 4 6 & Al s AR K — A B R L A0S 4 1 2R
KA BRI T ZAMEME A L SR AL+ R T LG B NAD (P) H; [FE, A L O 5 @ A i 1
FERIR, FECHME BRI RSN FAEIR, MR | 1R BN SRR, LR
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FAEYIBRICHINT S O AT A TS A0 TR A R R AR R puM B DR e [ TR K B A T 5T, K
PO KFEA T G F2 8 1Y pufM FERA | FFR IS R TE B puM FERIA (34.5%) ', Bl , S i 45 3R
FH pufM B A TRIFSE T RSF-2E R PR FNED B v 2R o S A 9 F R Rt A E T R B KK i
AT FE R I O K S RS R B E A OG5 H 2R ARG, Kare 5™ R puyM £
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h#E C N Y REERRE ™ SR, HATFR AT RS £ 28 6 & AN B RE IS R, R B0 R TR A
AR A AR HAN L o TN IR B TR AT 47 (9 48 7 S A ) e 3K 5 1) e FH A 28 R G 57 43 D) o
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21 4 AT A5 KR i S8 010 A BRI 20 BB B 11 28 (1) 43 S5 R AIE 3

A MDCR BRI AR 50 4F , T 20011 AFEAEMEE BRI it 17 35 2470V TR MG R0 I — A R
A FUR SO KRR — SRR 0B SO 20 m JERRE 3 b, 4/ RHESBELIR 6
405 em (UKR-E, SRR ORISR MR LT SKJR FEANR AT T T 9000 10 4R T - 40°C 1
AL T S R 2 0 -RE B2 2P 20 F1(0.90 rm L) AMREF 1.

F1 /N RABLBERER

Table 1 The geographic information of each sample location

Hu A Site 4 Latitude ZJ¥ Longitude JA S Temperature /°C *
o 28.38° N 116.82° E 18
BRI 28.91° N 111.45° E 17
it 28.95° N 111.85° E 17
% 30.63° N 120.77° E 16
BErA 30.08° N 104.57° E 18
B 31.93° N 120.71° E 17
72| 32.58° N 119.70° E 15
e 47.43° N 126.63° E 4
* ARSPHY IR

1.2 e e o e

FIFHRR BE 00 38R pH (B (/K 4B 2.5:1) 5 43 R FH e 9 05 Lo (808 940 49 040 )t - AUTL I A L ik
FBILICE ZE I IR S A A A B A S & BIEA ML & 52K A H,S0,-K, Cr, 0, 8 fb- 25 i ik 754 7
VT KRR TR S S S TR L AR
1.3 34 DNA $2H¢

+ 35 DNA Rl FastDNA SPIN Kit for Soil ( MP Biomedicals, Santa Ana, CA )i 7| # 1 Fast Prep™
FP120 B RAEEUSARER , + B8R &6 I 5 B2 B DNA | FH 4 2 BRI () DNA % T 75 L #9 ddH, 0, {£ 77T
-20C.,

1.4 PCR-DGGE 540 &i% 50 #r
1.4.1 PCR {44

SONGE AN R G RN O B MO S G A5 L R R B puM E TR B R SR ST X pufMSSTE (57-
CGCACCTGGACTGGAC-3") , pufM750R (5"-CCCATGGTCCAGCGCCAG AA-3") #E4T puM JEH P 1™ PCR
J IR & Premix Tag® Version 2.0 Kit (TaKaRa) ,50 wL i PCR & Z %511 50 ng A DNA #ii i, PCR 2
N A% :94°C 3 min;94°C 30 ,56°C 30 s,72°C 30 5,30 MG ;72°C 10 min, PCR ¥ /=478 1.2% (W/V)
Tris-acetate- EDTA (TAE) BRAEWHEER HHLIKSIE, PCR IR IET 4°C
1.4.2 MR B K (DGGE)

K H BIO-RAD Dcode £%:( Bio-Rad, CA, USA) X EGA 40 puM HEH B PCR 7 #)i#£17 DGGE 5
SRS TR, ] 8% B NMEBEIEEERS , UK 22 MR I XTAE, ZEVERRE R 45%  70% ; PCR F=4) I FE e h
200 ng DNA; HL & 80 V,60°C , Hi3k 13 h; H SYBR Green 1 (Invitrogen) (1:10000,V/V) 442 30 min, 5 H Gel
Doc™EQ imager ( Bio-Rad) B/ 4ARE "

¥ DGGE HHE 254 B, A &8 40 pL 22 F/KAY 1.5 mL (.08 BT 4C kAR, DL R
AR, PR puM LR 510 AT 1S . PCR & 38R R AN A0 1 K 8405 19 PCR = kAT
DGGE K:iE, LANARE 4 puM JER B O7 B RAERE  WREF ks biay B3 ME
1.5 SeRENF AR RS LB R

FEIAE 5 1) pufM F2R R B PCR 3734 7= )% $5 3 pMD 18-T vector (TaKaRa) , 17 1LE] Escherichia coli
DHS5 o JESZ S 75 5 Xogal IPTG FIZ N H R RN LB 5k B, SORAEA A R EE RPN
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B R A T #AE 5140 M13 AT PCR, U 3872124 1.2% (W/V) Bl HEE I Hi SRS T 2 75
R BAVETERE RS A A s B I A WSS B B Invitrogen 23 RIHEATIN K A5 B A )T 51 AE
National Center for Biotechnology Information ( NCBI) %3 I+ BLAST He X, #E47RIVEPEREZR . FIH Cluster W %K
PEXSAS S I AR AT A4 7 e ol 71 Ak PR 971 L e NCBI Hh 25 1 i v A9 ik D 9 kA7 22 1 97 LU X, AR AR N-J
( Neighbor-Joining) ¥, | [/l MEGA 4.0 3 RS LT,
1.6 St

iz ] SPSS 13.0 #4741, I dH Tukey K317 2 8 I (P<0.05) . H Quantity One 4.4.0( Bio-
Rad) X[ 25 ()5 41 DGGE 48 8 B3 A 7874k 4347 3 LAY Canoco for Windows (version 4.5) #4758 4551
B Y0 TR VR 2H 0 S s PR A 1722 AR S Y M6 137 43 BT ( Canonical Correspondence Analysis, CCA) ;
TE http : //huttenhower.sph.harvard. edu/ galaxy/ Wy _F 347 5 /NH 5ROV 7097

2 KGR

2.1 IERALIE AT

8 /N X IR B ST AN 1 T L B PR pH RS AR S B e, T pH S IR SR AR R DX A
SRR 2 V5L 5 B A A A R AL 4 7 A R AL, 5 i (AT R B T, Sme ARG (B0 1 BRAE A4S s T E B L
7T A ) FEAE RO, 3 % A5 BH Y FE (B fe /)

F2 M HRKBLUFEENE

Table 2 The chemical information of each sample location

H AR NO3-N/ AR NH-N/

Sie pH (ue/s dws) (ng/s dws) JA Total N/% AL SOC/ % /A C/N
JH Vi 5.41£0.01f 1.42+0.20f 38.10+3.96d 0.13+0.00f 2.3520.01g 18.33x0.18b
BRI 5.18+0.11g 21.89+0.14a 97.76+0.40b 0.23+0.00b 4.3120.04b 18.99+0.30b
it 5.63£0.04¢ 7.77+0.04¢ 114.88+0.41a 0.26+0.00a 4.80+0.04a 18.33+0.26b
- 6.16+0.10a 21.98+0.35h 65.89+0.83d 0.19+0.00d 3.25+0.02¢ 17.46+0.12¢
Y2 8.23+0.04c 39.12+0.50a 15.23+0.08¢ 0.18+0.00c 3.04£0.05d 17.0620.21¢
A 5.29+0.02fg 13.98+0.14¢ 2.88+0.14f 0.15+0.00e 2.84+0.01f 18.830.09h
M 6.80+0.04b 14.3920.19¢ 9.18+0.42¢ 0.19+0.00c 3.54+0.02¢ 18.52+0.36h
S 5.97x0.06d 11.42+0.21d 4.17+0.30f 0.110.00g 2.19+0.01h 20.66+0.35a

Bl 3 AN EE BB EL bR AR 7R R B 22 57 B 3 (P<0.05)

2.2 \AHBIXOKAS L 28 0 & A REVE 2T DGGE $8 80 AT

PCR-DGGE #5 8L 1E HIT 0 A 8 A HBIXUKAR - b 5 (00 & AN RE Vs i 22 5w (181 1) o adad FeAe 8 4>
by DR 9 2R B RO BE(E AT LA H A1 M X S50 Bl A B (28 ) 2 01 ie , Ferh B B IX Y 2%
W R R S 28 ML TS R X S B b IRERIRA R T A WA AREZRE A
R TR 18 43 A R B A SR TR, B 25 18 2 8 AN IX Y Mg 2% s T 4571 1 R IR A Ml X IR 1Y), 255 2
ST AL DCRTREA 1, 2500 3 IS M R AT T TR Y, TR DL R B 440 4814 24
TEIM B =F B2 By, 2541 5112223 126 28 TEBE P 4 B2 de iy, 4571 6.7 (15 TR I £ B i, 2501 912,
1718202125 .27 TE5 B F= B ey, 4501 10 ZERRIRAY 3= BB, 450 13 7EMETRLAY - BE e, 2RA1 16 7E 7Y
DILSESES 5=
2.3 EEOLG AR UMY

R4 DGGE 88 EiE h an i 4571, AT TR 8 ANE i v Y & A0 B #F 75 1) Z2 A M 4T Shannon 1 Richness
TEEI BT GRANE 2 s . IR AT LA Y, 8 AMFE A 1Y Shannon Z2FEPEHE BUIAAE 22 57, b i R4 M1 1Y
Shannon ZFEVE iy , BETRRN B R (I ; 5 2 AHZE ML, Richness Z2RE P8 Bl th 52 20 H AR [R] LA, H Ao ORn47
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2.5 \AHIDCOKFS 4 S 6005 A IS 4540 1Y
CCA 43#7

FIH 8 A1l X 1 58 €506 45 20 T HF 75 45 74 119 DGGE
I3 iy F 8 A~ S PR 858 K1 CCA 43 #r (BT 4)

100 A g
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B 118408 b M
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B 1 puM EE R B DGGE 185 Eig
Fig.1 DGGE fingerprinting profiles of pufM genes
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Fig.2 Purple photosynthetic bacteria Shannon (A) and Richness (B) diversity indices

MR LI FER AR B b pH 2 EEASZ I AR, TTRRA N 29.8% ; P A b5 b C/N J& FEE I H R, 51
BRA N 20.5% i EE A E S 2R S OOLE AT 1520 7 16— 20, 54 R 5 12w 7 AR5, M2
DG E R AU AR , N EZEAR G R pH I &, pH B8 w1 9 5% BH b XA T 26, pH (B8R 1Y
BRIEAE A T M, C/N BOS IS WAL T T 7K, BB R B 5 FAL T B b iy B3R, 4 B 3 m 1Y T
T BRI 5 2R T SR, 4 BE AR A 2 R A M SR T
2.6 S/ NAIRON o3 A

1 8 AL IX YRR BEAT B/ NSRS o34, G5 R AN 5 s, 7R 8 S DX R4S Bk IR R B VR X
S  H TR  Fh 2 S A i, Hoh JETE L IX B TR A 14 4> Unclassified species FY PG 2% 17 15 HoAth b
DAH DX, TS X B A A2 S8 T Rhizobiales [ HYOLF AR T 5 JH Al 1 DXAR D3], Ak 58 b IXC ey 3 fke 2>
SBJE T Rhodobacterales [ ]R3 Sty R At i XA ]

3 e

BT, X FEELE MBI FEEPERAELRRS 0 TR MRS RG R0 R AES RS MG
TR, BT EJER AR SO R THOCHSE . B 58, 84 PCR-DGGR F8 4 B3, JR th 3 F 8 A~ M7k #
TR S AN RS R (B 1), DL BRI R TR R M2 RE R 22 5 (181 2) o 8 DM HLIX Y 58
AU SR8 T AR B 1] ( Proteobacteria) i o A1 B AYX I3 b, AR GAEMANE (K 3) ., X 5A
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R 2 BT 7T 45 SR — 80 BRI /KRS - P g 2R £ 70— Roseivivax halodurans DQ915718
RAME A E TG LI, EERAMAEE Y ;i@clf{f 17

Pk B OO A R, FH BRI Do
BUR S0k T4 G BRAN B SR IDERE v e, [[ S Rogeococens inosulaophius AY 064410

FHUES R G S RS, B e A HLR, L O%EEA‘B%SE'E‘EJJ??C““'“ FU190298
Rhodospirillum centenum CP000613

e FURESE A HE TLAS K 46 22 500 B Ab T PR AR P DocE Band 14

HHE AR LD A ME EE R o—F B -

H 100 | Rubrivivax gelatinosus strain S1 AY234384
Rubrivivax gelatinosus AB034704
6
76

01

Rhodovulum sulfidophilum AB020784

(=

Proteobacteria 225 AER AN B , /K A AR SIE & A K 3 DGGE Band 28

H v— Proteobacteria B EN e i] 620] o F JEE| 27 D%%%EBEQ?Z_?

YR — % BT T S T B 42 (06 4 AR T 91 o T:}‘L"liﬁgzssiﬁm‘:ﬁﬁjiﬁzg%ows

Rhodobacter F1 Rhodopseudomonas, {1l Byrne %" % § L M%%}égg%:‘ggiing};ﬁgg;n}g Jsggg 9J5A124 FJ376403.1
B Rhodopseudomonas 1K EALA I Geobacter 3 7] ’ D bodopsendomonas palusiris strain 2.1.6 AY177969.1
B 5B I L T AR ARG R BUK R P Bl ] DOGE Band 2s

Rhodobacter johrii strain JA192T HE966449.1

Rhodopseudomonas %7 33 E"J % @ ﬁlﬁ % élﬂ QIR ZjJ E - /I\ Q | 351(77'_7? Rhodobacter blasticqs D50649

‘Fﬁzﬁii E"Jfﬁﬁi%ﬁ% |X_XJ 2% ’ iﬁﬁﬁﬁ% IX_XJ 2% ’ j:iiiéﬁi/fli 75 Dgg%d%t;?lcdtflr?ceae bacterium BS110 EU009369.1
%gﬁﬁ]% C \ N %%ﬁ‘?@%ﬁ%ﬁ“ﬂ ] é%é-z'gﬁ?{ﬁ/ﬂééﬁ 17—4 Bradyrhizobium sp. ORS278 CU234118

W, FRATAT DAHEWT LA b # FT RE i A2 A TR AR S R

DGGE Band-7
DGGE Band-2
DGGE Band-4
DGGE Band-8

Ge. VN A BN FRATE A BRI S RS || S o banas.
FeOMIRHHLEL, | S DGGE Bands

DGGE Band-19

BFEOICAMA R — KA TEAESIA L || J— Metylobacterium Cpo0oos3

HERUEY) AT S — BT T H B3 1, PCR- || ook pand-19
DGGR $5 80 MI H0 4R 5 8 MK Z A ME | pormeand!?
TEREEA L L2 S (K 1), 8 M IX rh i #5 2% 0.05
HELRARRABAME, Kom , SRR MR AR R B3 /AR R R B ERA AE puM BE A BNER
&I 28 AN E SR, T T b X 2% B .
D RGN HA T A WIS, WA AR R pig3  Phylogenetic analysis showing the relationships of pufM
— I T B R R K EOE A AR FETS genes in DGGE fingerprinting profiles to the closest relatives
TEAN )b 5 22 57 S LIRS R FRATI L 5 P45 A8 B A in GenBank
Gt EATHERE R AMHT LA /N B AT . ST The numbers at the nodes indicate the percentages of occurrence
71_\ }m ’ YT: g 5F£F £$ I’fﬁ ? ':F' pH ﬂ:ﬂ é _,:E E < /;%'1 E ) 7% ?ﬁ I rﬁJ 7J( *a in 1000 bootstraped trees. The GenBank accession number of each
T SR A A AR A VR A AT S OCHE D &R (& 4
5), pH 2 HEWN—ANEEASEH T, B H MR
FPEREE R FERTI A TAE T A BRI O & UE W, 70U X Y 38 b | pH 428 60 % & 40 B R 9% 4l
MZ R B R 5 b e e R Ay R EE N R, H w2 T L e 440
AN R T zeta FLAZ BT R P AE ML CO, I, 28006 40 B AU B AR R A O B89 41 A 4 T 7 fap R
B, DMEEA (Z0) W B Ca® RS AP CaCO, PLTEFT 43 E 2 I, pH {8 % 28 €0 564 20 T 200 Jif Bt
zeta HLOTREIAAR K dE I RS S M e AR G, I, 5K + i 28 00 & 40 i AR S AR, TR Ab 7
BARAT P A it 407 P o iy R S pH RS i HL YR 2 S R B IR S 711 e, 26 B o R s i - B
A AT RIS S GRS N 2 W TR & BURBE (4 5 ) W7 F by T B BV 4 Mt A S o)
TEFE BT B0 e MR A AR ) B R WA RS A AT (R R AR R
I, CCA & b I /s 243 B FN - S B PR A 5 B R AR DG (T 4) o SR & A B i i PR AR i i il 2B 9, 1R

Chloroflexus aurantiacus X07847

strain is indicated in parentheses and the scale bar represents 5%

sequences difference

http ; //www.ecologica.cn



214

ALTHL A5 KA b S 005 AN TR T 2 BEA BE 10 25 () 73 SR A 7
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SR HARE IR 451 . TEWFE T FRAT R B — 28 Roseivivax 1 BUAE £ B2 58w 1A 1D
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A A 57

Proteobacteria
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. a % e
+
e
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M C/N o
. J'Isgeloun
-1.0 = == a: Methylobacterium m=m ¢: Rhodobacteraceae
. . . mm b: Methylobacteriaceae  mm f: Rhodobacterales
-1.0 1.0 = HE?E == c: Rhizobiales == Unclassified
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B4 J\AHRoKEE L g e & M E B R AR S E R B 4 AR

Fig. 4 Canonical correspondence analysis relating DGGE

fingerprinting patterns with environmental variables

B 5 I\ HiXoKFE gk & s & PR B 4H B Y & /N I B B
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Fig. 5 Cladogram analysis showing the community structure

BB pH ML EE (IR

about purple photosynthetic bacteria

g5 BRTIR AR BUKRE L&A FE R R OOLSARE RIR, FE R OARRM R, 8 MHIX 2E R
TERCWA KA 1 P R EOL S AR 5 10 2 DR R ILAh A ST i8R BUK A

TR AEREZ MR KIS ECEMEY R, BT PCR-DGGE 5 8U& 15 H A8 € 1 9 RAEY R i) Z A4
HbR S DR Y , i LA I AT mT LA B 5 16 0 50 B R ) 2 DRl e T TR A IR 587K A 1
SEOCE AN =S 8] e A
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