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Abstract: [ Objective ] The frequent redox alternations in paddy soils make the biochemical reactions of different forms of sulfur
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active, which has a significant influence on rice production. [ Method ] This study aimed to explore the characteristics of sulfur
cycling pathways in red paddy soils with different parent materials. Also, the influence of parent materials on the characteristics
of sulfur cycling pathways, sulfur metabolizing microorganisms, and the main functional microbial communities responsible for
each sulfur cycling pathway; including the organic sulfur transformation pathway, other (transfer) pathway, assimilate sulfate
reduction pathway, sulfur oxidation pathway, alienation sulfate sulfur reduction approach and disproportionation. [ Result] The
two kinds of parent material developed red paddy soils had the same characteristics of the sulfur cycle pathway. The frequency of
microbial functional gene abundance in the organic sulfur transformation pathway was the highest, with an average of 16 000
organic sulfur transformation functional genes detected per million annotated bacterial sequences. Also, the frequency of the
abundance of sulfur disambiguation pathway functional genes was the lowest, and only 116 genes were detected per million
annotated bacterial sequences. At the level of phylum classification, there was no significant difference in the composition of
microorganisms leading the sulfur cycle in the two parent soils. Proteobacteria, Acidobacteria and Chloroflexi were the dominant
groups, accounting for 55.19%, 10.61% and 7.18%, respectively. There were significant differences in species classification, and
the relative abundance of sulfur-cycling microorganisms in paddy soils developed from granitic parent material was higher. The
dominant bacteria in all the channels were the Deltaproteobacteria, Acidobacteria, and Betaproteobacteria, and this abundance
accounted for more than 40% of the sulfur-circulating microorganisms in granitic parent paddy soil. However, dominant
functional microorganisms involved in each pathway of the sulfur cycle were more abundant in paddy soil developed from
Quaternary red clay parent material, for example, Gemmatirosa kalamazoonesis had the highest abundance in organic sulfur
transformation pathway while Azoarcus sp. was found in other(transport)pathways. The microorganisms with the highest
abundance in the assimilation sulfate reduction pathway are Anaeromyxobacter sp. [ Conclusion] The same sulfur cycling
pathway was observed in paddy soils derived from red earth with two different parent materials. There was no significant
difference in the dominant sulfur-cycling microorganisms in paddy soils derived from red earth with two parent materials at the
phylum level. However, there were significant differences in species-level classification, indicating that there is unique dominant
sulfur transformation functional flora in soils of different parent materials.

Key words: Red paddy soil; Sulfur cycle pathway; Microbial community structure; Metagenomics
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1.1 HARXER

PR AR SR PR ORI Tk B I 203 K
FE L 430 o DU Al 21 e g R R AR BH K A
1 (DSI) Fifeix A Bk B iK1 (HG ),

SEualer g R R B AARBH KRS - (DST)
SR F e ROl R 2 B i e A PH A FE AR 25 2R 4 1 R
HIBEE LA ST 3, ( 26°45'42"N . 111°52/32"E ), %
Hi DX F WA S, TR 150 ~ 170 m, ARy
SR 17.8 C, FFIREK 1 290 mm, IZHLIX £
FhAE W R, 452K g A AE 0 N 160 kg-hm 2,

P,05 90 kg'hm 2, K,0 90 kg-hm 2, 3K} 5t Jy 55 1y
LR, TR O ER R L

1R AR B I R KRS - (HG ) 2R HifER
BAEN T PEREAIAMHE (19°48'83"N . 109°47'61"E ),
ZHLIX R TR EE R, MR, PR
MR 22.5 ~ 25.6 CAEFHFFK 140 ~ 1800 mm,
M X AR AR R, B AR KR B
N 160 kg-hm?, P,05 95 kg-hm 2., K,0 95 kg-hm 2,
RO S, R R
1.2 tTEHEMRESNERE

T ERE SR T 2020 47 12 H, fERFEER L
ARG KRE L, I BEPLEEE 3 A4S TE R
25 m’ f/NX, BN AET 10 m, &L
A ST XA ER 2.5 em B 454580 ~ 15 ¢em
THE, B TA K& AT e, R
i R Ty S U e/ ) e 155wl = 3 3 I e
BRI A e, 53— &R L RERAE T80 C
UKAE T J5 252 DNA $E B 72 36 41

TIEEAIAE TS (IR ) AT
FEP, A Sl O 3T ( Vario Microcube,
Elementar, Hanau, 2 ) M ; IR
FHAERR 23 312D HoO F1 KH,PO, (P, 500 mg'L ™) TR
REAER, RARBOL RS T HUBHR G TR A
S (ICP-AES) WMZE, ABFFE A 80 & K
VEPEm 5 W SRR A s A LG H A R R Y 22
{EARAFPY A R L3 1.

F1 i HIREAREAMER
Table 1 Physical and chemical properties of tested soil
s AL 2% U Exil i A AL
B
pH SOM/ TN/ TP/ TK/ TS/ AS/ OS/
Treatment

(gkg!) (gkg!) (gkg') (gkg!) (mgkg™) (mgkg™) (mgkg™)
HG 5.15+£0.05*  23.78+1.08* 1.82+0.35 0.49+0.04 18.30+0.52* 382.0+3.6* 51.00£2.04* 331.0+£2.9*
DSI 5.74+0.06 15.03+0.32 1.26+0.18 0.56+0.04 11.93+0.42 314.7+6.5 66.26+2.65 248.4+4.8

E: HG, fEpdabi AT LKL DS), SHMLL @R LR AT LKL, TR RPEEE - + ARk
2= (n=3); *FTmAFEET A E M KAS - B T 2 B fF7E B 225 % (P <0.05), Note: HG, red paddy soil with granite parent
material; DSJ, red paddy soil with Quaternary red clay parent material, The same below. Values were presented as mean + standard deviation

(n=3) ; *indicates significant difference in the physicochemical properties of red paddy soils with different parent materials ( P <0.05) .

1.3 11E DNA REVFNEZERE AN F T HERE ) DNAL ST Ar 3 S DNA PR 7 A
% ] FastDNA Spin kit for soil ( MP Biomedicals, s 1%3ERE W EERC L Uk I DNA st ; @i o
Cleveland, OH, USA) iX#H| &, & HRERAEFHHZE Y66 i NanoDrop 2000 ( Thermo Fisher Scientific,
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USA ) Il DNA 42 FIVEFE . B 2 pg DNA 525
IR AR E R A PR A R AT R R A, R
FH Hlumina Hiseq =i & 7 F- 5 ¥ .
14 HZERAFINFHSHEESIT S

T R A e A s 4 B AR FASTQ S IF
G, T B Seqprep Al Sickle X T HLER LA EL
PP T 2k o iR gy U DA e F s G AR A b B
SR 5 1 H#4 SOAPdenovo, MetaGene 4351 %) i 1o
JoT F i A AT 50 AN A T DR AL B R SE R ), A
J& 1 FH FL X 4k BLASTP ( BLAST Version 2.2.28+,
http://blast.ncbi.nlm.nih.gov/Blast.cgi ) i %k [F &£ 5
SCycDB HHi E ( — A PR 1 M % Jk R A i 5 v
VI DIRETS BRI ) BIETT U ( BLAST L
X BR B W R e-value S 107°), Ififiid SCycDB
BAE R XTI 1 93 22 A EEE PEARAR My R R, AR
S A A b oF 07 ) s B A R R RN SR W A )
J# . R SPSS 26.0 #EATGEI AT, PR B 24
Hr (One-way ANOVA ) K556 FhB): 57 & & (1) 41358
P KR 1 TR B AE P1 A5 3 A 1Y D e 3 DR R A (E 2=

SR RENE (Z5KF P<0.05), HMSHEAR (R
Yo APRE T R LTI KRS A AR AR
H] Spearman ( #ifz /82 ) MY LIER S ES
TG &R AR OCHE s H Origin 22.0 (R 1E #hik
B RAMZEE; H RIEFH ggplot2 A2l 1K
DA KN AKOF- b B A Wi T S5 A 1A

2 45 R

2.1 EEFEANFEREHE

2 R, 253 Hiseq il w5, 165
FHRR L B LK FE L (HG) MR UL (4%
TR R E A KR L (DST) 54 TR
29 12Gb. 11 Gb Wy¥di i, JnFslaatug, LB
= a I IR DS T PSR e NG 2 V=i B 71 F
T 60 105 693, 87 331 963 TR IG ¥4 4%
7% DRI PP 485 SR T Lok 5 1 SRS R i P i 1 el
W, PR RSN R BEARTE 97% L I, BEIIR
SEBEAS L A 4 1A S0 Hh S e - ST A W TR A

F 2 HIEEFELE DNA N FHIERIT

Table 2  Statistics of soil genomic DNA sequencing data

JREAEE Raw data 15 BR G % Clean data
BGBL Lt 41
JEIG P81 SR SRR BT K R THERE 91 45 BRI BT S B
Treatment Coverage/%

Raw reads Raw bases/bp Clean reads Clean bases/bp

HG 50 753 594 7367559 412 49 216 546 7276 201 675 98.36
61 944 484 9035671732 60272 936 8920918 701 98.32
72 547 090 10 395 158 020 70 827 598 10 278 732 250 98.55

DSJ 83 898 288 12 584 743 200 83 646 593 12 545 559 307 99.70
92 994 932 13 949 239 800 92 781 043 13915323 909 99.77
85808 518 12 871 277 700 85568 254 12 833 610 061 99.72

22 HE. HEHEEXNE I REREREL LN

1) Tk

ST . A N L 5T B B A Ak R ) e
FREWME 1 FR R TR AT R AR A
AT 5B B 06 PR A2 0 3 IR = A S LA AR
PR AR (1), B T 81 58 RSO ik
FSHAL, HUA RN 99.52%, HK N E S
0.442%FIEL B 5 0.0317%. 4T Al iy B 16 P Fh B 5
KB LM KRS - T B PR 4 R A e R B

AL RS, RIVA MLBRLAS T A2 T A Wy D B A =R
FERRG IR de i, T AR B A0 R 81
FPRrmE] 16 000 SIHAEFEIA, BB BEYI )
AEJE A =F B2 AR R A i, 4 7 A B 4
WS-SR 116 ASTHARESEIA . 20T il T8 1)
TR P25 R A2 A4 ol A W S RE S5k I = A H A 3 2 3
WAL B A PR B RILLEE > S DULLL (R LR
Bk B LR S, HEE P e N R s
WAL IR N B KB BUR E RfbgAe . A
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6 represents the sulfur disproportionation pathway. The same below.
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Fig. 1 Relative abundance of microbial functional genes for each sulfur cycling pathway in bacteria, archaea and fungi
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Fig. 2 Abundance of microbial functional gene involved in six
sulfur cycling pathways

http://pedologica.issas.ac.cn



2 AR PRS0 RS L A AR PR AR AR AR 567

1.0 (N = = B B B == B B OE | @ Proteobacteria

I Acidobacteria

2 0.9+ I . . M Chloroflexi
Z o3l Nitrospirae
g [ Actinobacteria
5 07 B Candidatus Rokubacteria
i g T B Gemmatimonadetes
u ‘g 0.6 M norank ' '
ws r M Verrucomicrobia
Ea M candidate division NC10
= g 05F Planctomycetes
KE Firmicutes
+H 2 0.4+ Bacteroidetes
=< 1 Candidatus Bathyarchaeota
= 0.3+ W Deinococcus-Thermus
= B Chlorobi
E 02} I others
=
oot

Al Bl

A2 B2 A3 B3 A4 B4 A5 B5 A6 B6

YR R
Microbial sulfur cycle pathway

T A R ATET WA, B RTRBNLAAH LA TWAEE, | RRAIUREILRR, 2 M (%) &,
3 FREMERIRE R, 4 BamAatigit, 5 TR UmRiErgeE, 6 Fambifbig’s. TIH. Note: A represents the red

soil developed from granite parent materials, and B represents the red soil developed from quaternary red clay parent materials.] represents
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represents the sulfur oxidation pathway, 5 represents the dissimilar sulfate reduction pathway, and 6 represents the sulfur disproportionation

pathway. The same below.
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Fig.3 Microbial community structure involved in sulfur cycling pathway at the phylum level
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Fig. 4 Microbial community structure of sulfur cycling pathway at the species level
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T, KRS Erh i RS RE R R 0.05), Hi AL (52 ) @i RN e TR
BEARX RN (K 5), mbgemyi (P<0.01)
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