A SR IR Jun. 20, 2024, 51(6): 1934-1949
Microbiology China DOI: 10.13344/j.microbiol.china.240029
http://journals.im.ac.cn/wswxtbcn Copyright ©2024 Microbiology China All Rights Reserved

LRk R T B A E AR W IE N T e 41

A, BRST, BA, W, B, EFE, FFEW, REYS
WIR Al K VIR BE . W Kb 410128

BT, B8 ARPE, BEAT, URREN, XUEAMS, WS, W, BREFEL. 20 KRS ) T A G T TR A S S BEARAE D). A ssaE
1, 2024, 51(6): 1934-1949.

ZHAO Sheng, LUO Yuedan, XIONG Xuan, YAN Guili, LIU Shanpeng, JIANG Yu, TANG Yuqing, OUYANG Kai. Assembly and
functional characterization of the bacterial community of reddish clayey paddy soil profile[J]. Microbiology China, 2024, 51(6):
1934-1949.

B E: (H7)] @ HAEEKBLIDGE A ASHE LEGTW RIS BAFHAEETEZY A,
A mEEEMAREMBE DRI IES AT, [B ) RA KB L0 E LA EMEA R ERFAE
Fehtt £, ARKAEEMABREEMNGEGIIE ., [FE] 2BFFOLo e L F 9o HRK
GRS R, TR @, RF\EJNDTHTERX S LBELAEZE, REZLAZLEHG, K
i it gl M A EAREAT M. [ER] EEApL, 0-19 cm)a A A% o ZHAMEZ S TH
WEEE, P otikAEAEs S L0 mABRELEMGEERE 27, 45 B 1(Chloroflexi). BRAT
# 11 (Acidobacteriota) 5 A8 xt ¥ E I LI K A ZIRE 6 mm kY, @ GAL1S FeBLAINE 7
(Desulphurvibrio)% W48 & ; ¥ A& & 17T (Methylomirabilota). ##51t%%7% & I'1(Nitrospirota) s 4 £ 3 &
A B E GG e I RIE B Y, B H [ (Proteobacteria) s M £ & IR E 64938 e 2 IR Y F3E
Jm. 3EA A H(available phosphorus)fe 13 A UK (soil organic matter, SOM)Z F L3t 7 +3E 3|
timiE %A, AHUR. E4F(total potassium). A A R (nitric nitrogen) 2 &7 4n 1A B B M ) £ &
IE A . TaxFun2 5247 &0, @ B A e B3| M A A BEZ 0 FERE M EZF, £ Apl (0-19 cm).
Ap2 (20-30 cm). BrC (95112 cm)#) 2 a2 4 1 2., KB AL R E Br (31-94 cm)4i3s. & &
TEABEIR BT A IIE PN S0 mE £B. SF EAARF R @B KB e W 4%
R AMRINETZER, AIHIEITF TR HAEERNME, (8]l aF RS LITEE
BAEUMPARRAERZT E£7, HEBIE T ST IO MARHEOME,

X mAREE; KL, LIEAEE; KA, TaxFun2

FWENTH . [H X E AR 54 F 5 4:(42007021); BIFA BARI 2 I & H F 3 42(2020135250); A [H L5 R} 2 5k 4
(2020M672498); 117G 4 Mk K 5275 4 2 4 (19QN39)

This work was supported by the National Natural Science Foundation of China (42007021), the Natural Science Foundation of
Hunan Province (2020JJ5250), the China Postdoctoral Science Foundation (2020M672498), and the Foundation of Hunan
Agricultural University (19QN39).

*Corresponding author. E-mail: Kai_ouyang@hunau.edu.cn

Received: 2024-01-08; Accepted: 2024-03-01; Published online: 2024-03-20



BA F | ARPKELIHEAEREE R INEESFE 1935

Assembly and functional characterization of the bacterial
community of reddish clayey paddy soil profile

ZHAO Sheng, LUO Yuedan, XIONG Xuan, YAN Guili, LIU Shanpeng, JIANG Yu,
TANG Yuqing, OUYANG Kai

College of Resources, Hunan Agricultural University, Changsha 410128, Hunan, China

Abstract: [Background] The vertical distribution of bacterial communities impacts the
formation and nutrient cycling of paddy soils, while the assembly and functional characteristics
of bacterial communities in different soil genetic horizons remain unclear. [Objective] To
explore the characteristics and functional differences of bacterial communities in different
paddy soil genetic horizons and reveal the driving mechanism of bacterial community assembly
in each horizon. [Methods] The reddish clayey paddy soil was excavated and profiled, and soil
samples were collected from different soil genetic horizons. The bacteria in each horizon were
analyzed by high-throughput sequencing. [Results] The a diversity of the bacterial community
in the cultivated horizon (Apl, 0—19 cm) was significantly higher than that in the other
horizons. The P diversity analysis showed that the bacterial community structure was
significantly different among different horizons. The relative abundance of Chloroflexi and
Acidobacteriota decreased with the increase in soil depth, while that of GALI5 and
Desulphurvibrio showed the opposite trend. As the soil horizon deepened, the relative
abundance of Methylomirabilota and Nitrospirota first increased and then decreased, while that
of Proteobacteria first decreased and then increased. Available phosphorus and soil organic
matter significantly improved bacterial diversity in the soil, and soil organic matter, total
potassium, and nitric nitrogen were the main environmental factors affecting the bacterial
community assembly. The TaxFun2 analysis showed that there were significant differences in
bacterial community functions among different soil horizons, with stronger metabolism in Apl
(0—19 cm), Ap2 (20—30 cm), and BrC (95—112 cm) horizons and weaker metabolism in the Br
horizon (31-94 cm). Surface soil and the soil close to the parent material had more unique
bacterial taxa than other soil horizons. Both the bacteria taxa with high relative abundance and
those with low relative abundance played a role in the bacterial network connectivity, and
deterministic processes dominated the bacterial community assembly of the soil profile.
[Conclusion] There are significant differences in the structure and function of bacterial
communities of the reddish clayey paddy soil profile, and deterministic processes dominate the
bacterial community assembly.

Keywords: bacterial community; paddy soil; soil genetic horizon; community function; TaxFun2
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KR Z B BRI T5 IE AN RE A% S
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T3 —PhOT EAZ PR, A ) T2 W= R
Oy RIERAETR, RS KR LR, X
BEFEIA: 9 5 L8 O R I B 7kt i
TRMEXMERE R, T 28 B A, AR
RAARIE, RIHARA Wb ER X MR AR T 15 Y
S I AR T AR AT

LU B YK Lo i KR L R
—, FE AT MR X . AU IERE A

KD RS DU 28 20 (8 26 1 & B B L0 BT /K A H
PEATHEAZ Y8, IR RZ W R, o L
KRER, AT HEA GRS W Tllumina
MiSeq ¥ 45 AR 73 B 88 Az J2 22 [) 240 T A % 1)
SIATFAL , T8 TSR S 2 R A AR
FRE DL SR DI RE 0 A8 A B e AR Bl R 1,
DA ) B 1 U8 KRR - - S A O A T T A
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1 MER5r%

1.1 #8
1.1.1 &,

W 58 X A7 T B A K TP T (113°09'E,
28°20'N), ZDXIAFHAR 17.2 °C, K
i 1361 mm, JEIHGHZERAE, 2022 4 11 A
E—HIE AR 0.2 hm® FYAREREHL(40 mx50 m)
HOR S PRV R S A S AT T 4
PR EE 130 em, ARPEIHLHHZ R . B,
B ERER R ok 5 AR, 30 R
YEJZ(Apl, 0-19 cm). ALJK)Z(Ap2, 20-30 cm).
AR EZ (Brl, 31-71 cm) ., EALIRJF T2 (Br2,
72-94 cm) R AL I )2 1) B 52 9 3 2
(BrC, 95-112 cm), MR F, AR¥ER )2 K
AR AR, EREYIRR . kO % T
S TS 0 R B — 2R SR A o R ER A
SPRSTETCIR H BRI E, UK bis ki s,
—HWBIRAET 4 CCHYUKFREN, T R E)Z Rk
PRI E 5 3 — 3 DRAF T80 °CHIVKAR
FHF =i =y .

1.1.2 FERFIFLEE

DNA #2BGAF| & PCR ik &, Omega
Bio-Tek /2wl ; BighE, Biowest 22 H]; FastPfu
Polymerase, TransGen /A F]; Extraction Kit,
Axygen A w5 & B0 R &,
Biosciences Al o HLUKAY, Jbmimiizs—AART ;

Axygen
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PCR Y, ABI Awl; XIAGETE, HilESE{EE
AWAHE; pH i, J7IMImMWRH A BRA A 5 B
FRAY , i B 23 ) 3 NanoDrop 2000, Thermo Fisher
Scientific 23 A o
1.2 REETIRBAMRNE

RS pH I pH I8 (L3 5K
ek 1:2.5); +3EH ML (soil organic matter,
SOM) >k FH 2 4% iR B - Z 3 #4522 8% (total
phosphorus, TP)& FH 4H 86 bt [t 3% ; A & Wk
(available phosphorus, AP)K FHEHERPT L (A7
TR (rapidly available potassium, AK)AF14 4
(total potassium, TK)>R H KK BE VLI R 5 A 25
A (nitric nitrogen, NO5 )% ] KCI ¥ ik 1= #2110
M
1.3 ZHEETIREY DNA R EFINF

K DNA $2 B0 & 53 $2 8 15 4> 18
FEAN ) DNA, NanoDrop 2000 ] DNA #ii i il
WEE, 1% NEHEER UK XS DNA SERPEHTH
. K519 341F (5'-CCTACGGGNGGCWGC
AG-3")F1 806R (5'-GGACTACHVGGGTWTCTA
AT-3") 9 B4 414 16S rRNA FEF V1-V9 X EL .
PCR JZ WA Z (20 uL)!'. 5xFastPfu Buffer 4 pL,
dNTPs (2.5 mmol/L) 2 uL, I, 5 #(5 pmol/L)
£ 0.8 uL, Faustus Polymerase (5 U/uL) 0.4 pL,
BSA (0.8 mg/mL) 0.2 pL, %tz DNA 10 pL, ddH=0
#ME 20 L, PCR UM A5 95°C 60 s; 95 °C
60s, 55°C30s, 72°C45s, 30 MEH; 72 °C
10 min; 4 °CHRAF . F 2%3u IR A8 1 Ha Yk Rzl
PCR /=¥, #lifbJ5() PCR Fo¥ik &= bk Bk
PR AT R R TI T . ABFFR R LR 751 W] 8
FIAE PR EE ThO (https:/nmde.cn/) 3545
558 MDCN000375N-NMDCN00037KO
1.4 HESH

i/ QIIME 2 #fFH iy DATA2 47 £5]
Y. bk, EME, UL 100%FHUE 518 AR S

J¥ %1l (amplicon sequence variant, ASV)&E2, M
MR R 2 ASV Ref5 B3RP, fE R 422 FI
Excel 2016 HiEA14tit 04, KM IBM SPSS 25
AT 250 BT (ANOVA) . fifi FH AR FE 1 22 4k R
(non-metric multidimensional scaling, NMDS) 3t
BT & AR TR AR B I a5 1 25 5, BLARUAH G 49
Hr(canonical correlation analysis, CCA)# FH1ETE
Aili BR 58 PR~ X7 4 T A 7 R A i SRR . R
“Vegan” W 1T o, B ZFEM T, RH
“ggVennDiagram™ i 43 B & 4= 2% Z [8] 2L A7 Fi R
HYRp, K “TaxFun2”f U817 40 H 75 DI RE Tl
W, R FH “heatmap™fid 73 M 40 B AH X =F 5 5 3R 5
FHIM KR, K “psych”fl“graph”fi 15
WP RHEZ M S B 4% , M4 i Gephi
0.9.6 KAk, “ggplo2”fZHIHEARE, “NST {2
THE ) TR 2R AL

2 EREG5M

21 FELXEBTIZEEUMRATKR

gL e KRS ORI kA 2 0 A e AR o
WK 1 s, #HEZ(Ap1)AY AK AP . TP.SOM.,
NO; & it b # = THA 4 A~ &4 JZ; TP, SOM
O T8 B R AR SRR BB s s s AK
b IER ST BT, 1R Br 2SR
fik; AP 7EHAh 4 %4 )Z(Ap2-BrC) L B #74%8
1k NOy & R ZEALR 2 (Ap2) i E K THHEZ M
AR Z(Brl); TK SR ERIEZ(Ap2)M &
Wi, fE Brl-BrC Z#ikEAL; T HEE KRR
PE, 18 pH JeTtwm iRk, HAE A R T
JZ(Br2)ik Bl i KMH .
22 FEAXEEMEEEEAEK

15 4> e rE S Al I — L3485 & i 3 4
B 6403 927, I FHIKE R 454 bp. &0t
ZH BN T TR JS 025 R 14 113 MR (AS V),
4045 55177 150 46 338 H 483 Bl AWF5#F
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Figure 1
lowercase letters indicate significant differences.

FEHEAATT 10 BRI SO BETT, ARG
Jy HiAth(others), FEERT 10 AIPIFD &7 BT K
72.4%—84.4% (& 2A) L1 KFE L HHEZ (Ap))
HALFAE T T 425 TR ] (Chloroflexi, 23.4%) . 25K

Changes of soil physicochemical properties in the genetic horizon of soil profiles. Different

I"J(Proteobacteria, 17.4%) . FRFTEI J(Acidobacteriota,
16.2%). F 1% ] (Methylomirabilota, 6.4%)% ;
RRZ(Ap2) LA FT 1 4425 TR ] (Chloroflexi,
26.2%). BRFTH [ J(Acidobacteriota, 16.8%). H
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Figure 2 Difference in bacterial community composition and relative abundance in soil profiles. A: Species
composition and relative abundance of bacterial communities at phylum classification levels. B: Species

composition and relative abundance of bacterial communities at family classification levels. C: Endemic and

common bacteria species at phylum classification levels. D: Endemic and common bacteria species at order
classification levels.
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L 1T (Methylomirabilota, 13.4%) #1728 E 14 1]
(Proteobacteria, 5.7%)% ; EALiAJR)Z(Br1)ILL
P ]l F L E ] (Methylomirabilota, 21.5%) .
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(Acidobacteriota, 15.4%)fl GAL15 (7%)%; %
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(Methylomirabilota, 12.5%) . 25l J(Proteobacteria,
11.9%). FRATH ] (Acidobacteriota, 10.3%)F i
s ] (Desulphurvibrio, 9.4%)%%

SASTET] BRFF AT %64l I (Myxococcota)
Bl 2 A= )22 R B 1) 15 0 AR N = R B 2 R R, T
GAL15 FUBLERINE 0 3 1 FH(P<0.05); H
FETE ] AL M2 BEE ] (Nitrospirota) i & A= J2 I
FE RSN 2 B AT R, AR TR R
TR 2 R B A G 0 2 B R B B T A
(P<0.05), FH3r2KFF (& 2B), Apl-BrC ¥
PP R XS = B 2Z 8] 1) 22 55 i 25 (P<0.05) , KR4
H @i Bl (unclassified, 8.8%)4& Apl HHARX = JiF i
R A, LU IR 44 1 AL (Anaerolineaceae,
8.5%)5% ; Ap2—Br2 Hig 4 & 1Y WAL IR AT IE
Fl(Rokubacteriales, 8.6%—11.1%), BrC HixF &
FI I BHE GALLS (8.6%). GALLS Fl Subgroup 2
PR AR T = BE Bl A )2 TR BE B 3 hn s,
A 43 25 40 RN PR 4548 T B (Anaerolineaceae)
M) #1 )2 , Rokubacteriales ., RBG-13-54-9 Al
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(A Rt il b i 2 e b i) B R 22—
PR GE A Wy W A 21 b ) D 7 X2 5 B
(Venn diagram), ##H T R/R AR 54
[ A W BREA A 5T . ABFSREAET (B 2C)F0
H (& 2D)r 2K T, #48 kA 2 h A FiRR

PR EATE BT, 258 B8 Apl-BrC 3t
HHEETH 33 4~(60%), HH BrC ilFHmZn
(7%) IR ], HUOZ Apl (5%); Apl-BrC 3t
HHH 152 1N(45%), Apl A 2 My H
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23 BHEAZEEHAEREESHMERESM

ST MR BEE Y o 2805387, o rp Chaol
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ZSAMER, B Apl BEm THAM 4 kA
248, HAth 4 A EAE)2Z RN o ZRETSEOC
WEER, UL VKR w2
HiN Ap2 F| BrC Z [Al 40 TH 2R R,
FEF Bray-Curtis 25 1)) NMDS 7 T 2L 8 e /K
i A R TR B 2R, b
2B B N 7 BR U (stress) N 0.138 4, /NF 0.2
(& 3D), HAMAHMMRINE, £IHmELE
J2 5] 1 240 DA R 7 22 5% 42 35 (P=0.001) .
24 HERENNZSSMREINTIFEL
(& F B9 i 5z

Ning 2" H A A7 v AL BEAL 2R (normalized
stochasticity ratio, NST) &4 2258 v g i1 F
fli A S BELE M H Tz — o WA
NST {8 T B A 1 0.5 (50%) L _E A Ky B AL H:
R4 N S S, 2 NST FE4M e
0.5 (50%)LA R MITA A afe e Pt B o5 3 501, 78
AHFGE R, A A 5T B AT A 4 TR A A Y
NST {H 4B T 50%FE L (& 4A), XKW
iy P e R A - S0 TR ) A0 R TR A R o ST M
fio I+ H, Ap2 BY NST {H 2% & T Apl #1 BrC
(P<0.05), M EELFEXT Ap2 MIREVE R
KT Apl Fl BrC. 4% 0 A1 LR i i%
i g 5 0 B T A B B B A OG- I kA
J2 22 8] (A A 35 2 S AR A T R 25 1 240 DA RV R
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Figure 3 Changes in bacterial community diversity. A: Chaol index. B: Coverage estimation metric index
based on abundance index (ACE). C: Shannon index. D: Non-metric multidimensional scaling analysis
(NMDS). Different lowercase letters indicate significant differences.
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JE. APl AK e i MBNTL5 fUAEXT R, 58, CCA 3t iR 1 4 PREE D X 21 v A
{HEMH T Methylomirabilota 1 GAL15, CCA & xR, H SOM (R=0.85, P=0.001).
WX A R 2Z A R R —F £ 0%t TK (R=0.77, P=0.001). NO; (R=0.78, P=0.003)
%, EREBHERWAE R Z MM NER RN, A R g B R A R R T (8] 4C).
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Figure 4 Effects of soil physicochemical factors on bacterial community in soil profiles. A: Mechanism of

bacterial community construction. B: Correlation between physicochemical factors and the relative
abundance of bacteria. C: Effects of physicochemical factors on bacterial community construction. *: P<0.05.
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HET TaxFun2 47 K& 42 M A HETE DhRE TN
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FAAE R 22 5, P 7E Apl #1 Ap2 iYL
S g, HykJE BrC, A Br (Brl fl Br2)
AEXT L5
2.6 AHERMERSEHLINMEGE 5

S TR A Vi = ] B R 2 T LR T 00 4
PV Z B AR EAE DGR, IR vz i ]
FARAHR, A — B ARF 43 2K
T 218 e KR ) T A TR 2 A Y A B G
B, ASHIESE 53 DRT - 458 ) TG 4 TR AR 7K 7E 29 (Class)
R (Family) 73 28 KT 09 BT 24 T 288 1 A 2
LM L%, AtsEh, Wb n] I T0F
R Z 8] A BT (B 6), ELMREREZ
6] A0 B AE T 56 2 25 (P<0.05, R>0.8), 21 {0 %2k
RV Z 8 B 2 R OC, G54 RN
R Z A E ARG, B mEsE, EHE
SRR ZIY A — A SRR S 2SR
WA KR/NRRNERE, SZAERNEREEZ,
BB, AEREFEN (B 6A)KFT,
PR 29 2 ] A TEAR DGO 2R 15 LUl 71.34% , SAARDG
bl 28.66%, WFH(IE 6B)ZIH] IEAHXK di Lk
80.73%, TAMIFEE N 19.27%. M4 H kA @y
MARRIER BRI 258, Chloroflexia.
Polyangia. #ARZEMUATF 24X (Clostridia) . GAL1S .,
2 1% 18 47 (Acidimicrobiia) . Desulfovibrionia
S o R S e S Ve | B E (B S
KA 28 W AR
(Anaerolineaceae) . FLER4H i FH(Lactobacillaceae) .
JIii A% 9K i £ (Desulfovibrionaceae) . & 12 &
(Lachnospiraceae). GAL15 %5 RHE R EAE
o 24 v 2 B A 3 e A R Y K
ZW M FEEFER, WA EN
(Alphaproteobacteria, “F-XHHXFF= 5 4 H 2.69%)
PR TR CF XA F B2 (5 B 3.89%)3% 5 D7

Thermoanaerobaculaceae .

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



1944 A i AR Microbiol. China

A B Transmembrane transport [ Translation
Organic system Energy metabolism M Signal transduction
Metabolism Biosynthesis and metabolism of glycans =~ Amino acid metabolism
Human disease Xenobiodegradation and metabolism Carbohydrate metabolism

[ Genetic information processing W Replication and repair " Others
[l Environmental information processing Nucleotide metabolism
Cellular processes | Cofactors and vitamin metabolism
100 100
80K __80r
S g
5 s B
g5 60 S 60r
e} el
(=] =1
=3 =
C C
£ 40p £
3 S |1 [ I
S 2 |
20 1 20 -
0 0
Apl Ap2 Brl Br2 BiC Apl  Ap2 Brl Br2 BrC
C 1.5 1.0 0.5 0.0 -0.5-1.0-1.5

1 Relative abundance (Z-score)

NS a a Nslbla a ala ab NSNS alb b Apl
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NS b NSNSNSNS b b a ababNSbc ¢ b b NS al|e ¢ bld abNSNSab ab ab Brl
NS b NS/NSINS NS ab b a a a NSlelc b b NS a be be ¢ cd ab NSNS[b| a a Br
NsleinsNS NS NSf@lab a a a NSbc e b b NS

S s A & B S el o &

5 TIEIIEMERINEETUN A —ZGEE. B: CJUElE C. GBI RIIRERES. W8 E
A A B /NG TR R AN B2 18] 22 50 B E(P>0.05), & A H/ING TR #6822 5 1A B v
(P<0.05), NS F/N iy b3 ) 22 5 39 70 i 2 14 (P>0.05)

Figure 5 Prediction of bacterial function in soil profiles. A: Pathway level one. B: Pathway level two. C:
The functional differences on pathways level two. The same lower-case alphabet in the same column indicate

no significant difference between treatments (P>0.05), the different lower-case alphabet indicate significant
difference (P<0.05), NS indicates no significant difference between all treatments (P>0.05).
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A
Positive (71.34%)
Negative (28.66%)
B
Positive (80.73%)
Negative (19.27%)

Yﬂ\ iy //”
ATV

ﬁﬂ}ﬂ
6 MEEEHIIMEXR A NOXAETFHME. B: BT 1 M4

Figure 6 The co-occurrence network relationships of bacterial communities. A: The co-occurrence network
at class classification level. B: The co-occurrence network at family classification level.
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43 )8 FAREE BE S HE, U Thermoanaerobacul aceae
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KOCHGT TR IERT], AU i R
S PP AR, A TR A 3 A X
JEA N s HRAT LS IR . GALLS .,
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I F AR B E R, {5 pH 2R FIE
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