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Abstract: [Background] The members of Anaerolineaceae family (e.g., Anaerolinea genus) from
Anaerolineales order of Anaerolineae class are mainly distributed in marine sediments and wetland soils.
However, little is known about the spatial heterogeneity of sediments/soils Anaerolineaceae communities
and environmental drivers under a specific moisture gradient. [Objective] To elucidate the spatial
heterogeneity of Anaerolineaceae communities and core environmental drivers under the moisture gradient
along aquatic, hygrophic and xerophytic environments in river system from semiarid region of Mongolian
Plateau, and deciphering the early predicting function of Anaerolineaceae communities during the
rewetting process of drought-induced shrinking river wetland. [Methods] High-throughput sequencing of
16S rRNA gene, Pearson correlation and variation partitioning analyses were employed to detect the
compositions, abundance, spatial distribution of sediment/soil different populations in Anaerolineaceae
communities and environmental drivers under the moisture gradient. [Results] The 15 populations of
Anaerolineaceae communities were mainly distributed in the aquatic, hygrophic environments, which were
positively driven by moisture, pH, sand and ammonia nitrogen, while negatively driven by salinity, total
nitrogen and total phosphorus, silt and clay particles. Exceptionally, Uncultured usl5 population was
negatively driven by sand and ammonia while positively driven by silt and salinity. Interestingly, 9 and
6 populations in Anaerolineaceae communities showed positive and negative correlation with total organic
carbon, respectively. Variation partitioning analysis showed that moisture, ammonia, salinity, organic
carbon and pH explained the spatial variation of Anaerolineaceae communities with 64.8%, 8.9%, 7.5%,
2.2% and 1.7%, respectively. [Conclusion] Anaerolineaceae communities demonstrated obvious spatial
heterogeneity, which preferred to aquatic and hygrophic environments with high moisture, sand, ammonia
and high pH rather than xerophytic environments with relatively rich salinity and nutrition from semiarid
region of Mongolia Plateau. The spatial heterogeneity of Anaerolineaceae communities was mainly driven
by moisture. Anaerolineaceae communities were key indicators predicting the rewetting process of
drought-induced shrinking river wetland, which were probably autotrophic or heterotrophic
ammonia-oxidizing bacteria.

Keywords: Semiarid area, Moisture gradient, Anaerolineaceae communities, Spatial heterogeneity, Core
drivers
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Table 1

HIRFEEAOT SIS, ]\ 791 FRARE o EEK AT
44 Bl (Anaerolineaceae) 6 1~J& 1) 15 FhAN B4 T
5. X 15 FPER H S8 T 1 (Chloroflexi) 4R,
44 T 2N (Anaerolineae) IR 58 48 T8 H (Anaerolineales)
A R (Anaerolineaceae) (3 2). H R HEH B

The physicochemical properties of sediment/soil samples from Xilin River ecosystem of semiarid region

T G- AN i AN L A &) pH g

HA HER  BANK  BR A8

Sample Clay (%) Silt (%) Sand (%) Moisture (%) DS (mg/kg) AM (mg/kg)NR (mg/kg) TOC (g/kg) TN (g/kg) TP (g/kg)
R11 0.00 0.03 99.97 17.95 8.03 0.31 1.04 5.17 2.57 0.44 0.08
R12 0.00 0.06 99.94 17.85 8.05 0.29 1.12 5.83 2.53 0.42 0.11
R13 0.00 0.04 99.96 17.92 8.04 032 1.06 5.25 2.55 0.43 0.13
R14 0.00 0.02 99.98 17.84 791 0.22 1.00 3.77 2.34 0.32 0.08
R15 0.00 0.03 99.97 17.92 8.04 0.31 1.05 5.17 2.57 0.43 0.09
R16 0.00 0.02 99.98 17.94 8.02 032 1.03 5.16 2.58 0.45 0.07
R21 1.61 4.40 93.99  20.23 836 1.27 38.42 14.53 7.17 0.99 0.22
R22 1.65 4.60 93.75  20.18 8.31 1.18 26.48 5.89 7.19 1.06 0.27
R23 1.61 4.40 93.99  20.22 835 1.29 39.47 14.58 7.17 0.98 0.23
R24 1.61 4.30 94.09 20.23 837 1.26 36.38 14.49 7.15 0.99 0.22
R31 1.66 4.50 93.84  23.17 875 1.24 23.74 7.63 24.54 1.97 0.36
R32 1.64 4.70 93.66  24.05 8.67 1.21 26.89 11.15 24.27 1.92 0.33
R33 1.63 4.60 93.77 24.14 8.65 1.18 20.74 5.91 24.35 1.88 0.31
R34 1.67 4.50 93.83  23.19 8.74 1.23 23.91 8.28 24.60 1.98 0.36
R35 1.65 4.40 9395  22.16 873 122 23.86 8.22 24.57 1.96 0.37
W11 0.00 1.53 98.47  22.24 8.62 1.08 7.73 4.51 8.88 1.14 0.26
W12 0.02 1.59 98.39  21.19 872 1.13 10.95 6.31 9.13 1.23 0.31
W13 0.00 1.51 98.49 2221 859 1.07 8.18 5.01 8.89 1.12 0.27
w14 0.00 1.56 98.44  22.25 8.66 1.09 8.17 5.07 8.87 1.16 0.28
w21 2.86 16.19  80.95 20.88 8.64 132 7.92 9.42 10.69 1.26 0.33
w22 2.17 16.62  81.21 20.69 8.67 1.29 6.41 10.68 10.91 1.29 0.32
W23 3.89 19.96  76.15 19.28 849 139 6.86 8.08 11.05 1.37 0.38
T11 13.22 2484 61.94 15.78 835 1.81 6.73 17.69 14.54 2.83 0.61
T12 15.18  22.14  62.68 15.19 823 1.84 6.50 17.94 15.02 2.88 0.66
T13 1474 2329 61.97 15.26 8.19 1.76 5.73 19.28 14.50 2.92 0.63
T14 16.02  24.01 59.97 15.37 828 1.79 5.38 16.31 15.05 2.95 0.64
T15 13.21 2491 61.88 15.76 8.31 1.82 6.76 17.73 14.52 2.79 0.63
T16 13.17 24.68 62.15 15.79 837 1.8l 6.74 17.68 14.57 2.86 0.57
T21 6.15 22.04 71.81 14.37 8.41 1.75 6.91 16.17 13.97 2.59 0.69
T22 6.88 22.19 7093 14.96 839 1.83 5.44 18.86 13.99 2.64 0.72
T23 5.79 21.67  72.54 14.55 842 1.74 9.17 21.24 13.45 2.55 0.68
T24 6.18 22.03  71.79 14.36 843 175 6.88 16.64 13.98 2.56 0.71
T25 6.16 22.06  71.78 14.38 842 1.76 6.97 16.67 13.95 2.58 0.68
T26 5.18 20.15  74.67 14.42 8.49 1.8l 6.38 16.33 13.35 243 0.65

T RAPRUENAR 3 AEEIPFIIE; B0 <2 pm; KPR 2-20 pm; BYKL: >20 pm.

Note: The values represented the average of triplicates. Clay: <2 pum; Silt: 2—20 um; Sand: >20 um; DS: Dissolved salt; AM: Ammonia

nitrogen; NR: Nitrate nitrogen; TOC: Total organic carbon; TN: Total nitrogen; TP: Total phosphorus.
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Table 2 Sediment/soil bacterial lineage of all species from Anaerolineaceae and abundance distribution, Xilin River

ecosystem of semiarid region

J& Genus i Species Average relative abundance+standard deviation (%)
R1 R2 R3 W1 w2 Tl T2

JREMTHE  Anaerolinea_ol 0.00+£0.00  0.00£0.00  0.04+0.04  0.09+0.04  0.01=0.01  0.00+0.00  0.00+0.00
Anaerolinea  Anaerolinea_u2 0.12+0.22  0.484+0.05  1.03+0.37  2.12+0.94  0.22+0.21  0.00+0.00  0.00+0.00

Anaerolinea u3 0.01+£0.01  0.08+0.01  0.07+0.03  0.08+0.04  0.00+£0.00  0.00+0.00  0.00+0.00
FHEE Leptolinea us4 0.01£0.01  0.46+0.07  0.14£0.07  0.13£0.05  0.00£0.00  0.00£0.00  0.00+0.00
Leptolinea Leptolinea_u5 0.02£0.05  0.29+0.11  0.24+0.03  0.32+0.11 0.02+0.02  0.00+£0.00  0.00+0.00

Leptolinea 06 0.02£0.04  0.34£0.02  0.14+0.03  0.15£0.04  0.00£0.00  0.00£0.00  0.00+0.00
JEs5EE  Uncultured o7 0.18£0.10  0.81£0.07  0.63+0.10  0.57£0.21  0.39+0.31  0.14+0.03  0.14+0.02
Uncultured Uncultured u8 0.36+0.26  2.39+0.16  1.10+0.17  1.22+0.31  0.46+0.10  0.17+0.02  0.15+0.04
KEHE Longilinea_09 0.01£0.02  0.20£0.02  0.06£0.04  0.11+£0.05  0.00£0.00  0.00+£0.00  0.00+0.00
Longilinea Longilinea u10 0.00+£0.01  0.02+0.00  0.05+0.05  0.18+0.06  0.01+0.01  0.00+0.00  0.00+0.00
Levilinea Levilinea_o11 0.00+£0.01  0.01+0.00  0.02+0.01  0.07+0.03  0.00+0.00  0.00+0.00  0.00+0.00
Uncultured Uncultured ucl2 0.00+£0.00  0.00£0.00  0.03+0.03  0.09+0.05  0.00+0.00  0.00+0.00  0.00+0.00
Other Other o013 0.02£0.05  0.06+0.01  0.15+£0.03  0.13£0.07  0.00£0.00  0.00+£0.00  0.00+0.00
Uncultured Uncultured ual4 0.01+£0.02  0.01+0.01  0.07+0.04  0.06+0.01  0.00+0.01  0.00+0.00  0.00+0.00

Uncultured usl5 0.00£0.00  0.00£0.00  0.00+£0.00  0.00+£0.00  0.21£0.10  0.01+£0.01  0.01+0.01
Note:  u: Uncultured;  o: Other;  us: Uncultured_soil_bacterium;  uc: Uncultured Chloroflexi_bacterium;  ua:

Uncultured_anaerobic_bacterium. The number represented the serial number of each species.

TR AR B, e e 458 e K R B0k
R Rl R 2R HER IO AR 20k, AR T
WIS 24 D TR B 44 - R RAT B
AL TR W) Fl (others, uncultured bacterium)a]
FiEwEE . B H. WERT DK EEA T
FRFELFRA L, FEINEECT- g T UME T 82500
(# 2).
1.4 BUEMISITH

F Excel 2010 #EF7ATR FURIZE M 019 5347 55
SEARREEL N . KA SPSS 22.0 #4T ANOVA Hi[A
KT 20T Pearson AHIENEHT. HEEEAEY
“ITHEEBBMKCloud)N'E R 157 %40 Heatmap
Kl. H CANOCO 5.0 17 A [FFE i Anaerolineaceae
VR 5 M5 R F I TCAY /BT (redundancy  analysis,
RDA) F1 B A 348 55 PR - 19 28 S ACEE il B 52 4

(variation partitioning analysis, VPA).
2 HER50H
21 SBENFLER
FFEL TR 2 AT, Ok H RS ARRAY 15
T B S AT EAR IR N Anaerolinea u2 (2.70%) .

Uncultured u8 (2.53%). Uncultured o7 (0.91%).
Leptolinea_us4 (0.57%) . Leptolinea_u5 (0.48%) .
Leptolinea_06 (0.36%). Uncultured usl5 (0.34%).
Longilinea_ul0 (0.26%). Longilinea_09 (0.22%).
Other 013 (0.21%) . Uncultured ucl2 (0.15%) .
Uncultured ual4 (0.13%). Anaerolinea ol (0.12%).
Anaerolinea_u3 (0.12%). Levilinea_oll (0.10%).
HHp, Anaerolinea_u2 F11 Uncultured u8 i
W, MXFFEEKF 1.00% . Uncultured o7 Fi
Leptolinea_us4 i AL H &, X F A T
0.50%—1.00%. £ 6 Fii & T w, M
FEA T 0.20%-0.50%. A 5 FHEAIXFEIL, AH
Xt EEEART 0.20%.
22 FTFEXGHRARFARY/ TIERERE
BRRVAE . FERZTE S HEFE

Bl1 R, 15 RS SR BRI K
KA 0.35%2.55% (R1). 4.93%-5.47% (R2).
3.01%-5.53% (R3). 1.90%—-6.54% (W1). 0.79%—
2.37% (W2). 0.25%—0.38% (T1). 0.19%—0.38%
(T2), ##% R1., R2, R3, W1, W2, Tl, T2 /K
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Figure 2 Similarity analysis among sediment/soil samples as well as different Anaerolineaceae populations from Xilin

River ecosystem in semiarid region

T YIRS R 2.

Note: Abbreviations in all species from Anaerolineaceae family seen in Table 2.

=3

MR L IRREBER AR MR SIMEE T Z @ AT Pearson XS 4T

Table 3 Pearson correlations between sediment/soil environmental factors and different populations of Anaerolineaceae
from Xilin River ecosystem in semiarid region

FRE BhAL kL bR EKEE pH AA  BAMKR BA Nk R A
Populations Clay Silt Sand Moisture AM TOC TN TP DS NR
Anaerolinea_ol ~ —0.35 —0.39*% 0.39*% (0.59%* 0.46**  0.05 0.13 -0.17 -0.23 —-0.13 —0.47%*
Anaerolinea v2  —0.44** —0.50** 0.49** 0.70** 0.50** 0.21 0.13 -0.25 -0.32 —0.18 —0.52%*
Anaerolinea u3  —0.47** —0.57** 0.56** 0.78** 0.45*%*  0.63** 0.21 -0.28  —-0.39* -0.16 —0.42*
Leptolinea_us4  —0.35%  —0.43* 0.41* 0.50** 0.16 0.85*%*  —0.06 —0.31 -0.36*  —0.07 —0.12
Leptolinea_u5 —0.50%*  —0.59** 0.57** 0.76** 0.46**  0.60** 0.13 -032  —-0.40* -0.17 —0.48%*
Leptolinea 06 —0.43*  —0.53** 0.51** 0.61** 0.25 0.86** —0.01 -0.36% -0.42* -0.12 —-0.23
Uncultured o7 —0.47*%*%  —0.51** 0.51** 0.76** 0.44** 0.73**  0.15 —0.33 -041* -0.13 —0.38%*
Uncultured u8 —0.47*%*  —0.55%* 0.54** 0.65%* 0.26 0.84**  —0.05 —0.41* -0.46** -0.16 —-0.27
Longilinea 09 —0.41*  —0.49** 0.48** 0.55%* 0.20 0.74*%*  —0.13 -0.37* -0.40* -0.12 —-0.23
Longilinea ul0  —0.38*%  —0.43* 0.42* 0.59** 0.45*%*  0.07 0.04 -0.22 -0.26 —0.15 —0.47%*
Levilinea_o11 —0.36*  —0.42* 0.41* 0.52%* 0.36* 0.03 —0.02 —0.23 —0.26 —-0.17 —0.45%*
Uncultured ucl2 -0.32 -0.37* 0.36* 0.52%%* 0.39* 0.04 0.06 -0.17  -0.21 —0.12 —0.42*
Other 013 —0.47**  —0.56** 0.55** 0.80** 0.50**  0.46** 0.362° —0.21 -0.35* -0.21 —0.49%*
Uncultured ual4 —0.42*  —0.50*%* 0.49** 0.76** 0.52*%* 0.30 0.38" -0.16 —-0.30 —-0.19 —0.508%**
Uncultured usl5 —0.02 0.23 -0.15 0.10 0.21 -0.14  —0.04 -0.08  —0.01 0.08 —0.06

T *: 72 0.05 ZKFECRMN BB EAE; **: 78 0.01 AFGUI) F REL.

Note: *: Correlation was significant at the 0.05 level (2-tailed); **: Correlation was significant at the 0.01 level (2-tailed).
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Figure 3 Redundancy analysis (RDA) of the different populations from sediment/soil Anaerolineaceae communities and
environmental factors (A) as well as variation partitioning analysis of environmental drivers (B) from Xilin River

ecosystem in semiarid region

Note: Spl: Anaerolinea_ol; Sp2: Anaerolinea_vu2; Sp3: Anaerolinea_u3; Sp4: Leptolinea us4; Sp5: Leptolinea uS; Sp6: Leptolinea 06;
Sp7: Uncultured o7; Sp8: Uncultured u8; Sp9: Longilinea 09; Sp10: Longilinea ul0; Spll: Levilinea oll; Sp12: Uncultured ucl2;
Sp13: Other 013; Spl4: Uncultured ual4; Sp15: Uncultured usl5. Abbreviations in all species from Anaerolineaceae family seen in

Table 2.
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Figure 4 The relationship between different populations from Anaerolineaceae family and sediment/soil moisture based
on linear regression analysis from Xilin River ecosystem in semiarid region
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Figure 5 Association of different Anaerolineaceae populations with crucial environmental factors using network topology

analysis from Xilin River system in semiarid region
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Note: The orange, purple and blue circles respectively represented moisture, ammonia nitrogen (AM) and dissolved salt (DS); The larger
the circles or the coarser the arrows corresponding to environmental factors represented the greater their influences; The arrow oriented
and deviated Anaerolineaceae populations represented the positive and negative correlation between Anaerolineaceae populations and
environmental factors, respectively; The longer the arrow, the greater the correlation coefficient (Table 3). The abbreviations of

Anaerolineaceae populations were shown in Figure 3.
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