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Niche differentiation of Nitrospira and associated environmental
driving forces in Xilin river basin
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Abstract: [Background] Complete and incomplete nitrification driven by Nitrospira plays a key role in
global nitrogen cycle, but little is known about the niche differentation of Nitrospira, and associated
environmental driving forces for Nitrospira’s niche separation and as well as possible functions like
complete nitrification driven by Nitrospira in Xilin river basin. [Objective] To reveal the niche
differentiation of Nitrospira and associated environmental driving forces, and deciphering the possible
functions like complete nitrification driven by Nitrospira. [Methods] Based on high throughput
sequencing of 16S rRNA gene with bioinformatics analysis, the compositions and abundance of
sediment/soil Nitrospira populations were analyzed. Meanwhile, their niche differentiation and associated
environmental driving forces were characterized so as to predict their potential complete nitrification.
[Results] Nine Nitrospira genera were detected, of which Nitrospira 1, 2 and 4 were dominated in xeric
environment, which were negatively correlated with sand, water content, pH and ammonia nitrogen (AM)
while positively correlated with nitrate nitrogen (NR), dissolved salt (DS), total organic carbon (TOC),
total nitrogen (TN), total phosphorus (TP), silt and clay contents. In comparison, Nitrospira 5, 6, 7, 8 and 9
were dominated in aquatic and hygric environments, positively correlated with sand content (except
Nitrospira 9 negatively correlated with AM), etc. and negatively correlated with silt content, etc.
Interestingly, Nitrospira 3 was preferentially distributed in the center of the river bed with aquatic
environment, only positively correlated with sand and silt contents, but negatively correlated with the other
environmental factors. [Conclusion] There was obvious niche differentiation of Nitrospira populations
with a wide range of habitat adaptability in Xilin river basin. Nitrospira 1, 2 and 4 were most suitable to
colonize xeric environment with relatively rich nutrients, positively driven by silt content, etc. Whereas
Nitrospira 5, 6, 7, 8 and 9 were most suitable to inhabit relatively oligotrophic aquatic and hygric
environments, positively driven by sand content, etc. Nitrospira 3 preferred silt, free water and low
ammonia in oligotrophic aquatic environments, positively driven by only sand and silt contents. Briefly,
silt content, dissolved salt (DS) and ammonia nitrogen (AM) were the main environmental driving forces
for niche differentiation of Nitrospira groups. So i) Nitrospira 3 was presumed as probable comammox; ii)
the other Nitrospira populations like 1, 2, 4, 5, 6, 7, 8 and 9 belong to comammox remains to be further
discussed.

Keywords: Xilin river basin, Nitrospira, Niche differentiation, Environmental driving forces, Comammox
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T25) (K 1), 34 MUY/ L 3ERE S F ke VEA T A
SRR AR EIE 50 m, FHUCRUWIRFERS K 4R
SEAHNAY)Z 010 em PIAW) K +38 . BN AT %
HES BIEAT 5 EBURE(RD 5 RFEEREE), IREGE
Tl B 1 AFEM(Z 1 k) B TR RS T, 24 h
WK EHZ RN % F IR A BURE
FEH—80 °C RAFIL ST A2 00T, HAR ISR
) N 1 O B P B o vl B T ST 7 o
B bl B BEAL PG I 42 B el Ak 25 M
U PR T Vb (sand) 2 5 M T1REHHRAR Y 59.97%
#| R1 HEHr =Y 99.98%, 47K ar(water content,
WO T2 FEHFRRARA 14.36%3) R1 FEHFIRARN
17.84% 2] R3 FEai i =Y 24.14%, pH M R1 FE4HF
AR 7.91 B W1 AT = Y 8.97 , 2445 A (ammonia
nitrogen, AM)M R1 FAFERAKAY 1.00 mg/kg | T #
HRARAY 5.38%FF3] R2 A5 e i 1 39.47 mg/kg.
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Figure 1 Design of sampling zones based on different habitats
W Ry KAER; We AR ; T BAMN.

Note: R: Aquatic transects; W: Hygric transects; T: Xeric transects.
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MR 4 uL, dNTPs (2.5 mmol/L) 2 pL, 1E. KZIa5]
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FE A AL N E B R AU R E O A R A
FRZS F] () Tllumina MiSeq PE300 Il /3F- & #1158
T .
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2 4 fid A AR A X Nitrospira s, 6.
8 F1 9 FHMAAE W K, IE(EMRIK I ITE W14
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Figure 2 Hotspot and spatial dlstrlbutlon of Nitrospira populations
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Note: The curve representing the trend line of Nitrospira’s relative abundance change along the gradient from aquatic, hygric to xeric
environments; The figure showing the maximum relative abundance of single Nitrospira.
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Figure 3 Heatmap (A) and principal component analysis (PCA) (B) of Nitrospira populations

2.4 Nitrospira ZEH4E S W RFREIREN S
i1 RDA (&l 4A)AI A1, Nitrospira 1, 2 il 4 3238
SITEE TR W2, T1 R T2 B35, Bl
Ri(silty & | KR (clay) & & | & LBk (total organic
carbon, TOC). 4% (total nitrogen, TN)., £ (total
phosphorus, TP). % fi#:Eh(dissoluble salt, DS).
fili A% (nitrate nitrogen, NR)ZEIE[MIKE], RS
i, FKE(WO), EAER(AM), pH SEFREEA T

14K 5h ., Nitrospira 5. 6. 7. 8 Al 9 FEE /A MifEH
XPEEEFRM R2, R3, WL AT, HRPRL S, Ak
T BAVUR(TOC), A (TN). & (TP), %
it (DS) . SR WNR)E G 9Kl , bk & i
HIKE(WC), A (AM). pH 2538 K 7 1F [ 9K
B, HERIKE, Nitrospira 3 BEA R T35 45 10
A7 Nitrospira 1, 2 fil 4, WA FEREE R AM
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(TP) (R=0.828 1), /K& (WC) (R=—0.809 4), &%
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B, 2B 3 HERE RS A 4 HER Shfi R R BRI R
3.5%F1 1.6%, [HRZEE(AM) S 4 HEFHr)
FEfRIR RE=—-0.508 9, fUKTF4: 2 HEFF il R=—0.607 8;
[, ZASR(AM) S5 2.4, 1. 3 HE/74Hh Nitrospira
BB R 3 9N —0.574 7, —0.426 8, —0.422 5,
—0.202 4, B2, @AERAMIENRRIELMER
fiifk. Nitrospira EREIRY), 2R (AM)FEN &
ZHRER

W7 2K 4B), 11 ANE HIFRES B 778 5
R 85.8%, HHpkyhi(silt) . Vg PEEh
(DS). AARAM)PWFEREE IR 55.9%. 15.6%.
4.7%, —HMSEFREE P<0.01.

RDA2 20.3%

-1.0 RDA1 63.2% 1.0

Known environmental forces

Silt 55.9%
DS 15.6%
AM 4.7%
TP 3.1%
TOC 1.5%

Niche difterentiation of 9 Nitrospira populations

14.2%

Sand 1.4%
pH 1.4%
NR  1.0%| P>0.05
™~  0.7%
WC 0.5%

Unknown environmental forces

4 Nitrospira £B5MERFHRAETHA)REHN
FRFNIMEIRTN F1HY 5 2 5 #R(B)

Figure 4 Redundancy analysis (RDA) of Nitrospira
populations and environmental factors (A) as well as
variation partitioning between known and unknown
environmental driving forces (B)

Note: Nitro 1: Nitrospira 1; Nitro 2: Nitrospira 2; Nitro 3:
Nitrospira 3; Nitro 4: Nitrospira 4; Nitro 5: Nitrospira 5; Nitro 6:
Nitrospira 6; Nitro 7: Nitrospira 7; Nitro 8: Nitrospira 8; Nitro 9:
Nitrospira 9.

Hi Pearson FHICH 74T (3& 1)R] %01, Nitrospira 1,
2 Fll 4 S5HSASE(NR) (075, 0.74, 0.59), LR
(DS) (0.72.,0.67 ., 0.58) , & A HLik(TOC) (0.610.58.
0.52). 2%(TN) (0.76., 0.78 . 0.63). 4=H#(TP) (0.87.
0.74, —0.62), FrRi £ H#(0.89, 0.82, 0.77), Kk
#(0.71, 0.93, 0.79)5E 45 A [A] R B 2 2%
(P<0.01)F1iE & (P<0.05)IE MK &, HIAMY &
Nitrospira 4 5 4 TP)/a] 2 PR & 3 A R 5
bR H0.85. 0.89, 0.81), /KHH(WC) (0.76.
0.67.0.52) .pH (0.08.0.17.0.08) A% (AM) (0.34,
031, 0.32)5FRIMAHKICH, Hrh Nitrospiral,
2 4 GRS R SKE(WO) R TR RiAF
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=1 AR/ IEIBNEF SAECIEE B (Nitrospira) Z [B) 9 B /REhHE X 1 o 4
Table 1 Pearson correlations between sediment/soil physicochemical factors and Nitrospira
T AR T kL Kordms pH AR fiH A AR SANER A A AL R
Nitrospira genera  Sand wC AM NR DS TOC TN TP Silt Clay
Nitrospira 1 —0.85%*% —0.76**  —0.08 —0.34*%  0.75%*  (.72%* 0.61** 0.76** 0.87**  (0.89%* (. 71**
Nitrospira 2 —0.89%*% —0.67**  —0.17 —-0.31 0.74%*  (0.67%* 0.58** 0.78%% 0.74**  (.82%*  (.93**
Nitrospira 3 0.02 —0.47**%  —0.57*%* —0.72** -0.14 —0.42* —-0.37* -0.20 —0.10 0.02 —-0.09
Nitrospira 4 —0.81*%* —0.52%%* —0.08 —0.32 0.59**  (.58** 0.52%** 0.63** —0.62*%* 0.77**  (.79**
Nitrospira 5 0.39%* 0.50%* 0.46**  0.25 —0.38*% —0.10 —0.15 —-0.28 —0.28 —0.38*% —0.38*
Nitrospira 6 0.38* 0.48** 0.44** (.24 -0.37* —0.10 —0.17 -0.29 —0.28 —0.37* —0.37*
Nitrospira 7 0.48%**  (.45%%* 0.02 0.80**  —0.18 -0.21 -0.32 —0.41* —0.46** —0.50*%* —0.41*
Nitrospira 8 0.34 0.45%* 0.51**  0.01 —0.40* —0.11 —-0.09 -0.22 -0.21 -0.32 —0.34
Nitrospira 9 0.37* 0.48%* 0.50**  —0.02 —0.47** —0.16 —0.11 —-0.25 —0.25 —0.35% —0.38*

TE: % 7 0.05 KO B2

®E . FE 0.01 KGO 23 A

Note: *: Correlation was significant at the 0.05 level (2-tailed); **: Correlation was significant at the 0.01 level (2-tailed).

W 2K F-(P<0.01), Nitrospira 1 52 SR (AM)i]
HUAH I RIS B P 2 7K F-(P<0.01), Nitrospira 1.
2 14 5 pH ] 71 AH G OC R ARSI B /K F-(P>0.05)
Z¢ |, Nitrospira 1., 2. Fl 4 BWRIE50 Mok ARG R
TR AR R AR, MUKV | R pH
(R A B A 5

Nitrospira 5. 6. 7. 8 Fll 9 535 H 12 [A] 1
ETARSEEA TS Nitrospira 1. 2 1 4 A5z, B
Nitrospira5.6.7.8 1 9 5ybki & | &K E(WC),
pH. AEE(AM)EEIIEA X A (Nitrospira 9 5
AM TETE TR R BR AL ), HOR 2 80K B0 W 2%
(P<0.01)F1iE 2 (P<0.05)7K>F-, 3B Nitrospiras. 6.
7. 8 F1 9 B EKYD . A pH B A
R(NR) . I fEPEER(DS) A HLER(TOC) . 22A(TN) .
SWE(TP) . Bk . KPR i S PREE R[] 423
SO HR, HEB BRI 2% (P<0.01)F12
#(P<0.05)/KF-, i8] Nitrospira 5. 6. 7. 8 F1 9
HUAE S A (NR)  EMRIEER(DS) . BA HLER(TOC)
2A(TN), 2BE(TP) . Byhi . Kok & | A5
(F 1), Zi L, Nitrospira5. 6. 7. 8 fl1 9 B HK
W RS pH KA BB AR DU - T
FCAEFE 3 KR R R i 8 i A SRR ER

5 Fi& 8 2% Nitrospira A< Jr], Nitrospira 3 B5
VPR B OB R B 2 [B] S AN S S Y IR O K
ZA(P>0.05)5), HHAh 9 NIRRT Z AR BTN
MHXER, HEHE/KEMWC)., pH., E5A(AM)Z

B35 24 2 2% 67 A 56 K (P<0.01), 151 Nitrospira
3 FHAEARGFV R AR, K fIRE . K pH
%, B4h, Nitrospira 3 5iEfitEE(DS). BAL
W(TOC) Z )ik H] @ 2 11 AH 5K - (P<0.05), 1B
Nitrospira 3 =X fikEh . RIS,

Z5 I, Pearson AHICHE M HTZE KM RDA 7 b
RILA—F,
3 i
3.1 MR E B (Nitrospira)ESE R E
FHRRMT

PEdiiE , REZE0NRSILIZEE Nitrospira 248
AHEFRIY, /DB Nitrospira 43 B ik AE K 2208 HAET
TESLI 3 ARAFR . AHIFSE R IREY 9 2% Nitrospira
A7 RKEATKREN, S53CEIRIERNKZH
Nitrospira &4~ AT 535 AT 5045 RO —5, i
TFHEFRHHB £ SR Nitrospira DIRERER)
ZAREPERF SR TR0, AN 16S TRNA
N B G 28 DRHE RS AN 2SS
THANEE ZREHERT, A 16S TRNA JEFEF— EaiA
MRS AN T ZREE R S AR iE" ), van Kessel 45
5T 16S rRNA BRI R G T 7 Mk S i E ik
Nitrospira ¥4 Nitrospira it & 11, 5 ZfFHE T+
g HROK . TEUKARET AR H A Nitrospira
I IIARIE>99%") | B 16S rRNA JEH T
F5¢ Nitrospira [ZFEMEERT T BFSERM, 78
0.05 7KFF VI-V3 X AR KL N 2R A] il
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6.0, T VA-V5 XA EAl 1.6 ABFse ks 168
rRNA K V3-V4 XAF VI-V3 XH V4-V5 X Z
], PrRASERE N 2R SR EET. Hik, s
16S rRNA FE[H V3-V4 X AE% N % W Sz e
Nitrospira S:41 8 2 FE1E
3.2 Nitrospira X&8IE S 7L

Nitrospira )" 32 40 A T (A1 g [192426)
Rl >SS | X AIAESE A Nitrospira 26
FEE BN R AE BRI 45 R 02— 300 - Nitrospira (1) A4£ 58
ZREE S Z R AR 43, 10 Nitrospira 2
MDIETE T L L, IV, V., VI 6 DREKFIE
FUS AN 2R R H AR 4 A 5 AR 108
TEWLERE 2PY ) Y24k BR80T W X
Nitrospira i 2 11, fuff A Fl B i3, AHFSY
HF 16S rRNA AL K /& 38 &t I 77 BOAS BB IE 58
Nitrospira 2J& TR 11 il & H AR R, (AR SC
k4B A Nitrospira 1T HAT D] HAb 3G R RS
ISk ez Comammox Nitrospira ¥ & T2 ffifar |
AR B B4R (hypoxia) SR8 57 A 552, SO A5
Nitrospira A= 20 AU A5 SRR AHE T Rb 223 3
3.3 Nitrospira Z5BFRUEREIRT) 1

ARTIFFE S BAE A R H 0 Vb 5 e B 5 A i
TURIh#EAE Nitrospira, 3% SHesibugas> % K
VLI LA P i fE7E Comammox Nitrospira (A
FEEREA S FERA I, B AT IR
ORI ) Nitrospira S 7E R 5242 K P B Hp
ATBENEH AT, X5 IR AT 45 SR T

#2 TEHEZE Nitrospira B4 B4HIE R RIEFR I EER

Table 2 Habitat characteristics and nitrogen cycle functionings of different Nitrospira lineages

B, AT, WRH TR S e
By 1 55 - PR AL [ . TR T B U R b A
Bk, X5 3CHGE R Comammox Nitrospira
J& T2 H B T U E i a5 e R A e ab,
TR Nitrospira HUf 2 S s it Eh PR 5
FFHAEF = AL, X 5 SCHHRE ) Comammox
Nitrospira J& & W24 5 fif SR /K FREE ) [ 77 B 5L
AR EEAR—E ), 5 b, SRR LT
Yy A9 Nitrospira HA5 Comammox JRE .
FEFEENRAEFREE ) Nitrospira SRR 5
B, A SR @I AR EA DGR,
AF54 Comammox Nitrospira =04 i faf Fis S
H5 5 A B R A ISR ) e B e
IR Nitrospira ASE R & /K E & pH. &
AR B o7 PR, (ELIX SE T 5 i) 2 A AE R G
KER, GRS IR EIATE A GCR, R4
%A BEAEAER) Comammox Nitrospira 5T
&t LTS0S T A A AR PR R 4 Nitrospira
JET N Comammox A ffifk— 5T . X f54E
AEXE BT SR A M & Comammox
Nitrospira FYHE [ R ERE AR 222 . (TR
&, B Comammox Nitrospira J&—2S 3R a [t &
RIRRUAED) , BOR AR KSR Re AR ™ B DL 3
51T Z4UFE R Z 6 . WFSEIESE pHE AR
JiE PR L OR S A WV 25 W) 1) S RREFR R IR 7, {ALAR
WS Ty 25 0 i R B RL & i . TR ER A A
X} Nitrospira ZE #9748 5553 511 55.9%.15.6% .4.7%

138]

AR A 2R T KRG W LRERRSE  HTKRSKE ATRSG  Hbi#k RIGIYI5E

Nitrospira lineages Soil Freshwater Marine and Groundwater Engineered Geothermal Nitrogen cycle functionings
systems hypersaline systems systems systems systems

I N N N N Nitrite oxidation

II v \ v v v Nitrite oxidation and comammox

111 N v Nitrite oxidation

v \ Nitrite oxidation

v N v Nitrite oxidation

VI v Nitrite oxidation

Others v \ v v Nitrite oxidation

T NFRRA PR TR R % R AR BT oA A

Note: V indicated that the certain lineages of Nitrospira were distributed in the habitats.
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(RRREE , W IESORRL i . ATV MR A U2
34 Nitrospira 28R4 7 19 f F 259K 80 /7 .
4 4

AR E RIS, IRY) . BFREZ BT
W5 584 AN SE4h4E Nitrospira B4 250700 &
INEUREN T . AWFFRHIAAESE Nitrospira HAA BT
A AL ARz AR B WP, Nitrospira 1.2,
4 BRI, YR, KaEa . pH &
GRS MIKS, BREAA. TEEE . SA K.
AR A BPRLRTRE RS TE [ 3K 3l (Nitrospira 4
e AE U R BRSM). Nitrospiras, 6, 7.
8. 9 FEAKA . WBAEASEMILI, bk, K
. pH MEAIE M YR8 (Nitrospira 9 5 & & A7
TERAHCERAY), HASASA. AlvabEsh . Sa Pk .
A A BPRLARRL S 57 a1 9K E) . Nitrospira
3 BWIRA KA SRR, E S
AR WAT R Z 434, AR YRRk AL IE ] 3K 5
HAth BREE K717 [ 3K 5 . Nitrospira 3 253K f 5 70
i B B K AR RN SE 8 FR B, E B s 2 .
= pH. mdh . BA VLTI, R F R A
WAEYD . A T RE VIR B 2R AEEY Comammox
Nitrospira, T Nitrospira 1, 2, 4, 5. 6, 7. 8. 9
=7 A Comammox fEAFHRAIRSY . Fikifrat, 7]
HEER DS M A AM J2 T8 Nitrospira 854S
Db e B AR UK B )
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