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BRI AR EER T TIERE ) MEEZ = 8 5 T fFE
Fas’, TEWMS, 2TF°, TOmW S, FEBE, BIH, E&E T, B,
RE, FREM?

Ve FUES SRIE A A I E A SIS, N R R GRS, NS AR KR S e
JEYFEISAC T AL A, NG IFRITEEE 010021
2N R R B E R, BN PEAIEEE 010018

WE: [ BHY )0 T HIEB M 038 b it N [ Ry 1 484 55 1T (Chlorobi) 5 57 14 8] 43 4 FEAE B2 3K 3
Ko [ 7k ] AR SOk SR a) iy RS SR AR X 42, VR oo 2 Y o b (Bt 10 ) 5 [l TG AR Y
(BC). /KIFHIRPE(BS) . A FIHFEALEL M (LF) . M4 RSB (HF) . 0 i B 2 R B (LT) . o
B 33 A S LR BT R (HT) R 43 B R 2010 em 3584 i o JEF16S rRNAJE [H] /37 18 & 7y 40 M 3
R 1A PRI A B 2 B2 RS ) 3 A R AE 5 256 -3 IR IR 740 B & B 112k 0 2 1) S o
FIIR . [ 4558 ] )8 KF FAL6 I 3% [ 4% 5 H (Chlorobiales) i Ignavibacteriales H 191257 .
Chlorobialesl. 2. 6} Ignavibacteriales7 . 9ZSHE MY i = AHXT F K T°0.40%; Ignavibacteriales3. 4. 5.
82 114 fi v AH X 2 B/ T°0.54%-1.06% ., Chlorobialesl, 228BE7EHF . LTHIHTRYAHRS F 8 B &5 T
BS (P<0.05), Chlorobialesl2s #f () A XF &= & 5 pH Fl G A MLk & & 2 W B 3% 1IF 4 ¢ (P<0.01) ;

Chlorobiales22 #f il A X =F B 5 8 Bk 5 & 2 M i 3 1E A & (P<0.01); Ignavibacteriales3. 5. 7. 90
Ignavibacterium4 2 B 76 LF A4 A X5 32 B 18 2 55 T BC (P<0.05), 5 & /K &4 i 2 1F 4 56 (P<0.01) ;

Chlorobiales6F1gnavibacteriales82 #f 7£ BS1AH X 4= B i 2 /& T HAWA 447 (P<0.05), HSASA T =
e 3 IE A DG (P<0.01) . AR SEALE /TR, IS KB AR T B 1R )% 25 (0] 28 5+ 1465. 7%
[ 2538 ] By Rinl sl A [R) A AT - S 7T 1 A WD VR A B R i s (R Bk s 49 B K R AN [l A
Bl % DAL T A R 2 ) S o v ) 2 B2 3R s R 7

KRR PR, FRERE, AFFEOLE AR, ki, AR, ST

BETE: FEARP A (41361053, 31660724); 5 KA AR = EATFT B I Zki141)(201917443,  202017398)
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A 774 6 A 41 & (anoxygenic  phototrophic
bacteria, AnPB) K%y BLTE 38 {Z4ERTME, 27
4G AW (oxygenic photosynthetic organisms)fi)
21 4] (Chlorobi) & AnPB i A2
Z O Mg g oA ety A AT B
PEUURR A TR I S s T T 2 2 BUR A A4
IREE, S AHE Sl A ek g A AN AR B A A AR
AT, GEaRELEE AR, JeRER R
TURDGRETR A5 32 ST, Bryant 25U ¢ 2
IR A8 77 48 B ' A 4 T (anaerobic  anoxygenic
phototrophic bacteria, AnAnPB). Roy %M it
B T L DR A A D R 7 2 TR R T AR AR g
AHLFIRE, TR R0 T v S o 2 7 o3k
RECERETCHL B 3R . R ZE 4k 1w i 51 RE A Tk
JEZS B (HoS B35 5T ) £ S H 1~ B AR B8 2 52 1)
TCA fEHR[HE CO, il N5 R4l 57 55
2% (Thermochlorobacter aerophilum) H & B AN fE
[E1 %€ CO, Ml Ny, {H AT AR A7 T HoAtL 2L My 91 5E BT R
T AL A A T B LR o R Iz A AR A L

fiff 58 UE SZ 8F AN 77 4O B 4 R (aerobic
anoxygenic phototrophic bacteria, AAnPB)J& /K
ARG RERED T 530 i i KPP (BF
BFEHE)Y [Y Arraial do Cabo #iE PRI 4
BRPPNAE 7 rp S 4N T R ) 24% . 24%F01 15%, (5
b vk ¥ 22 B 55 W (plume) JIK FF 9 25 R )2
(nepheloid layer)Fil i & K A% i A= P RE VS 19 10%
1 14%%1, Lehours #i1 Jeanthon FYRFFEIER] T /K
I PE T AUk AANPB fY B 2 REHER. fu
— G S R R SRR R T B R
WDXCREA 1) AANPB 25 . R4 AANPB TE it 4=
BRI EPHI, H AANPB R IE
VERANZ 240 . Feng 22758 3F FACE (free-air CO,

enrichment) & B2 7+ CO, Wk i & B & IR A H £
e AANPB HYARXTF B2, AANPB TE4H B 7%
f4 G AN 0590384 i 21 1.5%%27, B ATAR W% 1714
Xt TR 11 B0 2E 0 K 2 ) 43 AT 5 I % K 8 A
FIWFRARIE . & T 455 AnPB B35 i iR 4L
Z W TR 1 - HE BB 3 J2 T3 R R 2 1
PR PP T S B 1] ol R v A e e R
XA TCEIL . BIL, AHFFE I ]8R]
UL bS5 A () R BT S A TE IR T 1A )
BEVE I 25 A1 A0 A S T o S ARk TR 1 S W B %
25 (8] A S PR ) R B IR sl e A A7
TR R K Bl gty ELAA Rt K | A i)
KL R KRR FR S IR SR S R SR 55 2
o WA 2RI, B8 S HE AT
Bt S, AR SCEBR S MO R b I MR N
[FIFE R B A SEXT 4, i ] 16S rRNA JE[K /5
TR FFHA , Z0HT 13RS VR IR R
25N SN G T o R s w - AL e s
IREVR 24k 25 8] 43 A1 S Bk ) D B Bl R

1 MRy

1.1 BB

BRI B 5 R B X, R TR
X EARFEH N Z —, RIEFIRIET st
UM A TR, 20k T M R T T
PirA, K mECER 268 km 4508 2 4
144 km, ZJBIARIZA 10542 km?, Bk
RSB RIGLIE AR, MR X G b
KM ik 1500 m LAk, PEARARE 900 m A4
BRI R TR T R R R M R R X
IR 2.6 °C, AFEIFEKE 300 mm, Hi 5-8 A
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1y B K 5 7 4 4F 14 51%-89% . ASHIF 7% 1 4% (19 ) Ak
WAL T N B F IR DX R AR T R A
Bt N 52 ol B A S R G E STl s PR AR AR
115°33-117°28' E, 43°39'-44°36' N. #kinf v
AR A A Wk 40 45 7K P 5L (Juncellus serotinus) %
KRAAERE . KT E (Juncus effusus) RIS 2% 25 B 5%
(Potentilla anserina) %5 i 4= # # . 2 %L (Leymus
chinensis) 1 K& 5 (Stipa grandis) &8 A= f 6 5 1
RNy HIEAREHEEE L WHE A L R 1
ARG 455 o Ry =X S 2 BB AR O
1.2 REAREREHRE

THERFEI R 2019 AR R AE KR Z(7 H 26 H).
TG 3 LT 18 ) P 7K R e (i 1) ) 78 885 BT Hh i
PR R A TR R A K 1 Y K R T DR H O TG B A
13 BC. KM KA R 2% K5 (Juncellus
serotinus)iHE 4% BS. Z= 5 M K AR wELT
O (Juncus effusus) VA AL HLf) T4 LF . =P
K Ve AT VB A B % 2% 3 S (Potentilla anserina) & fa)

5 HF ANHE /K (9] 3 B b= 2 (Leymus chinensis)
BF A LT . AN K B B K S (Stipa
grandis) LA B 4498 HT

TR IR T E AT 3 AN AR
(B 5 A EE 500-2000 m), 6 MEEHF A3 18 4Rk
KR BC-HF i Al #E 5-100 m, A4t LT-HT
A AR 50-500 m, AT HF-LT AR ] fE
KT 1 km, 48T e 54 3R 2 - Rk A W)
REl . RACRE L K R A - S R 1) Al RO B B T AR
g5, eV 2V S A W BR AL R B
TR R B RS R4 0-10 om K2 4
FEdh o BEASRAR S B8 S BUEAT 5 SR, 1Y
ARG R W 1R (2 1 ko) & T o SR
4, 24 h WRIVK G BN5000 % . B - ek
1F 2 mm G 5 He BRI A3 2 BORE B, BRI Al
I 50 g fRA7£5I1-80 °C vKAH, #AT/EZLM A TE
Y2t b, AR T DHES . iR, HET
PR TR . RAE S AE B IR 1.

x1 BMTREBAREHRT T REMREER

Table 1. Information of soil sampling sites in different vegetation zones from Xilin River Basin
Topographical gradient Vegetation types Sample ID Longitude (E) Latitude (N) Altitude/m
Riverbed center, BC No plant BC1 116°41'4.98" 43°37'31.62" 1164

BC2 116°41'12.60" 43°36'35.88" 1165
BC3 116°39'25.20”  43°36'36.60” 1166
Riverbed side, BS Juncellus serotinus BS1 116°41'8.34" 43°35'35.40" 1164
BS2 116°41'8.34" 43°35'39.90” 1165
BS3 116°41'8.34" 43°34'39.90" 1164
Low floodplain, LF Juncus effusus LF1 116°41'5.58" 43°37'31.38" 1164
LF2 116°41'6.78" 43°36'31.44" 1165
LF3 116°39'25.20" 43°36'36.18" 1166
High floodplain, HF Potentilla anserina HF1 116°41'12.06" 43°37'40.38" 1171
HF2 116°41'9.48" 43°37'38.94" 1176
HF3 116°39'24.96”  43°36'35.04" 1178
River terrace, LT Leymus chinensis LT1 116°33'29.88" 43°32'32.88" 1179
LT2 116°33'29.70" 43°32'32.70" 1203
LT3 116°33'31.98”  43°32'32.64" 1201
Hilly-slope , HT Stipa grandis HT1 116°41'22.20" 43°33'5.58" 1255
HT2 116°40'25.02" 43°33'10.50" 1257
HT3 116°40'26.40" 43°35'54.12" 1265
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1.3 BRI E

TIERRL . BRI AR S R T OCRLRE 4y
AT 5 5 2 25 % (ammonia nitrogen, AM)
o E MRS 25 A (nitrate nitrogen, NR) & 25k 0
52 mol/L #y KCl i5¥#% 1:25124% 1 h 5,
0.45 pm fAL BRI 38 05 FH 1% 223 5 73 B AL (SAN
plus, Skalar Analytical B. V., Breda, the Netherlands)
PEATIE 5 s H A PR R A R 3k A
B B35 1 e AT L HiR, - 4E% /K 4 (watter content,
WC)F| ] 105 °C HtTFRE LM E ; 1 LA LK
(total organic carbon, TOC)% K F B 4% R4 45
FIE-IMMPAGEINE ; 4% (total nitrogen, TN)#
R P R LA E Rk 2 s 4 B (total
phosphorus, TP) % it >R FH &5 SR - B B v ik £H B e
OYICICIEEINE ; pH ER T HLAR B A2 2 OK L L
2.5: 1) 5E 5 ¥ £k (dissolved salt, DS) % Al
DDS-11A #YHL SN E o Fr A BEAL$8 b5 I i
3RH, 2y 3 INE B P HME
1.4 3% DNA . HEETE 16S rRNA
B PCR K& @ B

18 A b HE A M T o R A e M
FastDNA®Spin Kit for Soil (133K % DNA 2
Bl &) vt B SR IO A= My SRR 4H 5 DNAL AT
16S rRNA JE[H V3-V4 X5 #1417 PCR 3 . 1E
] . )5 #4351 338F (5'-ACTCCTACGGGA
GGCAGCA-3"), 806R (5'-GGACTACHVGGGTW
TCTAAT-3'), AN 10 bp #r2 551 HILAIX.
IMFEASIEIR. 20 ub PCR JiMA % : DNA itk
(10 ng/uL) 1 pL, FastPfu DNA E4HE(5 U/uL)
0.4 uL,5xFast Pfu 2% i 4 uL,dNTPs (2.5 mmol/L)
2ul, 1E. X545 pmol/L)%% 0.4 ul, #E4fiK

#MZ 20 ub, PCR i 454 : 95 °C 2 min, 95°C
30s, 55°C30s, 72°C30s, 25 f{¥; 72°C
5 min®Y. PCR =¥ FH 2% B S W e i A T riL ik
K AxyPrepDNA B¢ 4alifb ik 57 & kA7 |, J5
B ABEFEAEYRHECARA R Hlumina
MiSeqPE300 il )7~ & 47 e £ ) .
15 2 el B PP R o B SR R 2R A e 4%
fdiFH Trimmomatic HPF45 Iy 3k | FR&EHI
RIS P9 B85 SR A RUF 8], #— e aT
ZBRARRR ST R B BOMIBRAE | AR =
I X DL R A JBE 2o 2 04 Y A ARAR LA A, A ]
FLASH AR R 0 7 (4 7 91 R4 T 9F 4, e/
B XKW E N 10 bp, 5FHCEE K 468 bp 1)
P51, fd il UPARSE #1FJE T 97%H FHALURE K-
VAT HEAE 4325 %A 7T (operational taxonomic units,
OTUs)® K 41#T , [ I R F§ UCHIME £ B &5 14
AT ILARTS 43830 M4HER OTUs. F|] RDP
classifier Xf £ 55 F 5T 02524 (1T . . B . B+
J& . R ER, LRSS RS 37 MW KR
625 MNF R, iz SILVA Bl 286 4 0AE il 4k
134 625 A2 TR A A5 il HR 20 TC B 20 TR S A
o FLZETE T L 04 e 5 B0 A7 1 s 1) ) 53 FRR %
FERERTTER,

M 625 24l ok SR R T Ak R T
(Chlorobi) ) 9 />4 b J& 4T IR A 23 BT o 9 FE 4l
B T2 # 44 (Chlorobia) 1 Ignavibacteria 44,
2% % H (Chlorobiales) #1 Ignavibacteriales H ,
OPB56., SJA-28. Ignavibacteriaceae. BSV26 .
PHOS-HE36. LD-RB-3 % 7 FH(F 3). &¥FE
i 16S rRNA JEH P4 EL |4 % NCBI, #5528
SRR8835404-47,
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#3 EBXKELZREINHMELEBHILFILER

Table 3. Taxonomic lineage of all bacterial genera from phylum Chlorobi
. Taxonomic rename Abbreviation
Class Order Family Genus X ! viat
at genus level at genus level
Chlorobia Chlorobiales SJA-28 ub Chlorobiales_SJA-28 ubl Chlorobialesl
OPB56 uc Chlorobiales_SJA-28_uc6 Chlorobiales6
ub Chlorobiales OPB56_ub?2 Chlorobiales2
Ignavibacteria Ignavibacteriales =~ PHOS-HE36 ub Ignavibacteriales_ Ignavibacteriales3

Ignavibacteriaceae

BSV26 ub
0

LD-RB-34 ub

0 0

Ignavibacterium

PHOS-HE36_ub3

Ignavibacterium.o4 Ignavibacterium4

Ignavibacteriales_ Ignavibacteriales5

BSV26_ub5

Ignavibacteriales_ Ignavibacteriales8
BSV26_08

Ignavibacteriales_ Ignavibacteriales7
LD-RB-34_ub7

Ignavibacteriales_o_09 Ignavibacteriales9

ub: uncultured_bacterium; o: other; uc: uncultured_Chlorobi_bacterium; the number represented the serial number of each genus.

1.6 BUERGIH 0

KA SPSS 22.0 47 B /K itk (Pearson) AH &M
AT HIR E 7 2 43 # (analysis of variance,
ANOVA)J Duncan ZE W# ., FHXTA A A &%
RBEEBE RS A 1Y Bonferroni. Tamhane’s T2 &%
Games-Howell #5577 . H R 1 5 221 Heatmap
. izH CANOCO 5.0 (Biometris-Plant Research
International, Wageningen, Netherlands)f{F 317
JU4%43 B (redundancy analysis, RDA), B84k #
[T BCEE WA i 1 5[] o3 A B S BT 1) 0 ) e
XoF P58 R - B g 1, RS AT B BRI DR Y AR
S+ A EE 43 #ir (variation partitioning analysis, VPA),
BN PR DR i R B 1) S 2 MRS 9 R - Monte
Carlo B #. K56 (permutation test) 5, Bk R
#RiAJy 999, F|FH CanoDraw for windows #E47 i
K. izl AMOS #{(ADC, Chicago, IL, USA)
Fa 45 46 )7 R AR (structural equation modeling,
SEM).

2 HERAPAT

2.1 BRI WA A g Ak T R Rl
1] 43 A AR

AN [RI AR 0T 4 2% BRAL R - SR B ] B
Z3 ) S i o BB K A e R AR A R/ IMEL ) 5]
HBLE LF L HT, pH (B KA A e/ MEL 73 5]
HIAE HF A1 BC; kL& i Y fe KA Al /ME 7>
I A BC AT LT eS8 & it i B KRN
f/ME ST B HBUAE BS I HT (3% 2).
2.2 BHARTT R IEA RS LB E Y
E VR B0 BERAE

B G TR 2SR B0 R e AH O R BEAR U H BRLAE
BS2 (Chlorobiales6: 0.29%)#/1 BS3 (Ignavibacteriales8:
0.66%), LF1 (Ignavibacteriales7: 0.32%) . LF2
(Ignavibacteriales5: 0.54%)#1 LF3 (Ignavibacterium4:
1.06%) , HF1 (Ignavibacteriales3: 1.04% ;
Ignavibacteriales9: 0.21%). HF2 (Chlorobiales1:
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0.25%)#1 HF3 (Chlorobiales2: 0.15%),
R H B A 2% TR SIS T 1% e AR X T
T4 W B v b
Ignavibacterium4 %l 434 fc L 4R

DL 1,
A ok T
IgnavibacterialesS 0

A

B A T 1.04%-1.06% ;

Ignavibacteriales5 I

Ignavibacteriales8 %4> 4 sh & PE3ASRE, HemA

XTJET“A? 0.54%-0.66%; |4

5 PN RBEAXTFE
R A X FE AR T 0.50%.

LJ s
030  _ ) , 020
Chlorobiales| Bonferroni test " Chiorobiales2 Games-Howell test
= <
8 3015}
2 020 g
%; E 0.10
= 2 I
4 30
0] z a
5 Z 005} b
5 &
= b
0.00 0.00
BC1 BC2BC3BS1 BS2BS3 LF1 LF2 LF3 HF1 HF2HF3 LT1 LT2 LT3 HT1HT2HT3 BC1 BC2BC3BS1 BS2 BS3 LF1 LF2 LF3 HF1 HF2 HF3 LT1 LT2 LT3 HT1HT2 HT3
1.50 1.50 e
Ignavibacteriales3 Tamhane test Ignavibacterium4 Games-Howell test
= ES
£ 2
3 3
£ S 1.00
= =
g €
H E
= g
z Z 050
L) )
b b b b
- 0.00
BC1 BC2BC3BS1 BS2 BS3 LF1 LF2 LF3HF1 HF2HF3 LT1 LT2 LT3HT1HT2 HT3 BC1 BC2BC3BS1BS2 BS3 LF1 LF2 LF3 HF1 HF2HF3 LT1 LT2 LT3 HT1 HT2 HT3
0.60 040 -
Ignavibacterialess 2 Bonferroni test Chlorobialest Bonferroni test
= -
3 3 030F z
£ 040 s
2 2020
o £l
z 020 =
F Z o0t b
)
&
= c c c c c c
0.00 | | 1 0.00 L [ 1 I 1| 1
BC1 BC2BC3BS1BS2BS3 LF1 LF2 LF3HFI HF2HF3 LT1 LT2 LT3 HT1HT2 HT3 BC1 BC2BC3BS1 BS2 BS3 LF1 LF2 LF3 HF1 HF2HF3 LT1 LT2 LT3 HT1 HT2HT3
015 1 i . 0.80 - 5
= Ignavibacteriales7 Bonferroni test & Ienavibacteriales8 Bonferroni test
= )
3 B 060+
£ 0.10 E
2 <
£ Z 040
= =
o o
£ 005 Z
] E o020
& c c c & b b
0.00 - 0.00 L !
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Figure 1. Spatial distribution characteristics of soil microbial populations from Chlorobi phylum in different

vegetation zones from Xilin River Basin. The same and different lowercase letters respectively indicated
insignificant (P>0.05) and significant differences of samples (P<0.05) using one-way analysis of variance
(ANOVA) with post-hoc Bonferroni, Tamhane’s T2 or Games-Howell test.
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Figure 2. The similarity of soil microbial populations from Chlorobi phylum in different vegetation zones from

Xilin River Basin.
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Figure 3. Relationship between soil microbial populations from Chlorobi phylum and environmental factors in
different vegetation zones in Xilin River Basin by redundancy analysis (RDA) (A) and variation partitioning

analysis (VPA) (B).
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model (SEM).
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Spatial distribution characteristics of soil microbial communities
from Chlorobi phylum in different vegetation zones from Xilin
River Basin
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Abstract: [Objective] In this study, the main goal was to explore the spatial heterogeneity and driving factors of
soil microbial populations from Chlorobi phylum in different vegetation zones from the middle reach of Xilin River
Basin. [Methods] We selected the typical riparian vegetation zones along the landward direction from the riverbed
center (BC) without vegetation zone to the river terrace. These vegetation zones included Juncellus
serotinus-dominated marsh plant communities from riverbed side (BS), Juncus effusus-dominated marsh meadow
plant communities from low floodplain (LF), Potentilla anserina- dominated meadow plant communities from high
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floodplain (HF), Leymus chinensis grassland on the river terrace (LT) and Stipa grandis grassland on a slope in the
hilly zone (HT). Meanwhile, we collected 0-10 cm soil samples and analyzed the spatial distribution characteristics,
abundance and composition of soil Chlorobi communities based on 16S rRNA gene high-throughput sequencing.
To explore the environmental factors driving the spatial heterogeneity of soil microbial communities from Chlorobi
phylum, we detected the soil physiochemical factors. [Results] Nine populations from the orders Chlorobiales and
Ignavibacteriales were detected at genus level. The highest relative abundance of Chlorobialesl, Chlorobiales2,
Chlorobiales6, Ignavibacteriales7 and Ignavibacteriales9 were less than 0.40%, while those of the other four
populations from order Ignavibacteriales ranged from 0.54% to 1.06%. The relative abundances of both
Chlorobialesl and Chlorobiales2 in HF, LT and HT were higher than those in BS (P<0.05). The abundance of
Chlorobialesl was significantly positively correlated with pH and total organic carbon content (P<0.01), while that
of Chlorobiales2 was significantly positively correlated with the content of clay and silt particles (P<0.01). The
relative abundances of Chlorobiales6 and Ignavibacteriales8 in BS were higher than those of the other vegetation
zones (P<0.05). Their abundances were significantly positively correlated with ammonia nitrogen content (P<0.01).
Variation partitioning analysis (VPA) showed that soil water content accounted for 65.7% of the spatial variation of
microbial communities from Chlorobi phylum. [Conclusion] In the Xilin River Basin, the populations of Chlorobi
communities from different vegetation zones demonstrated obvious spatial heterogeneity. Water content was the
main driving factor of the spatial heterogeneity of the soil microbial communities from Chlorobi phylum in
different vegetation zones.

Keywords: Xilin River Basin, vegetation type, anoxygenic phototrophic bacteria, Chlorobi, spatial heterogeneity,
driving factors
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