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Abstract In order to investigate the distribution of anammox bacteria in river ecosystems, water and sediment
samples were collected at 6 sites along the lower Yangtze River in spring and autumn in 2014. Clean reads of
metagenomic sequencing were BLAST against self-constructed datasets of anammox bacterial marker genes hzsA,
hzsB, hzsC and hdh, and valid hits were used to calculate their relative abundances. As results, average relative
abundances of hzsA, hzsB, hzsC and hdh genes in water were extremely low due to the excess dissolved oxygen
which was not suitable for anammox bacteria. Whereas, the average relative abundances in sediments were much
higher, i.e., 4.540%107'°, 4.939x107"°, 4.333x107"° and 2.859x107'°, respectively. Due to the temperature rise,
average relative abundances of hzsA, hzsB, hzsC and hdh genes in sediment samples in autumn were higher than
those in spring. From the changes alongside the river, average relative abundances of hzsA, hzsB, hzsC and hdh
genes at Datong, Nanjing and Xuliujing were relatively higher, which was due to anthropogenic activity and
salinity increase in the estuary. Based on the results of taxonomic identification, anammox bacteria in the lower
Yangtze River mainly consisted of Candidatus Brocadia and Candidatus Jettenia at genus level. Relative
abundances of hzsA, hzsB, hzsC and hdh genes were related to NO, -N, NO; -N and NH,'-N concentration, of
which NO, -N concentration was the restrictive factor as it was much lower than NH,"-N concentration.
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Fig. 1 Sampling sites in the lower Yangtze River
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Fig. 2 Relative abundance of hzsA, hzsB, hzsC, hdh genes in spring (a) and autumn (b) in 2014
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R 1 hzsA, hzsB, hzsC 0 hdh EE X EE R Pearson
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Table 1 Pearson correlation analysis of relative abundances
of hzsA, hzsB, hzsC and hdh genes

FEH hzsA hzsB hzsC hdh

hzsA 1.0000 0.9590™" 0.8781"" 0.9059™"

hzsB 0.9590"" 1.0000 0.8668"" 0.8615™"

hzsC 0.8781"" 0.8668™" 1.0000 0.9301""

hdh 0.9059"" 0.8615™" 0.9301"" 1.0000

e #*RIRAE 0.001 KGR - 3 AH

AR = B 5 DR AR 2 S A 4 s 1 i R R S A
KKHFR,
2.2 YFAR

R VLR T RR A Hh i S DR AR SR A A TR
IFP2E, HEHEORF LU X 25 LR AE M 25 I R SR
B, WEBIR. S554REHN ARG KB TG
WA IE R, Kl FEFEMKETRY 5 Candi-
datus Brocadiafll Candidatus Jettenia; D&%k 111FHFZEDT
T 5 Candidatus Jettenia, FKZEUTFY) & Candi-
datus Brocadia; B HURFE S BEFBUIRY & Can-
didatus Brocadia, Tk ZEUTIY H & Candidatus Bro-
cadia fll Candidatus Jettenia; HH7LFK ZPUFY) b &
Candidatus Brocadia; #751% H 2= MK Z= DI Y
Y% Candidatus Brocadia. 25 &2 UTF ) A0 AH X A
EVE, HEDH VLT IR vh B & DR A AL T
Pl Candidatus Brocadiafll Candidatus Jettenia i 3 .
2.3 HMEER

DU v DR AR S A A T B P =F B &) A2 45 26
FEAE R F RO o Spearmantfl S 2 #r o i 25 Pk
<0.051 Kl T2 U e, AT 28 454 3 A, 45 AR
KI4FT7R o KB BB S50 0.529, 15 BHI% X 4%
ZEREEA RS, WNATATA, hzsA, hzsB, hzsCHI
hdhFE IR 42 B Z [RIAEAE AR G PR . teah, EATE
5 NH, -NFINO; -Nifk i 1 F A OC, J5 P 2 R
FA AN T B R ERE R S SR

IR, HANH, HINO, [RIBAETERS, TR
AT A R IR = Ak e, HNH, 5
NO, WFIR A2 T Ry 1:1.3270 ARBFE R AR
DU S, NH, -NV L 90.245~22.130
mg/L, VI8 48.912+7.962 mg/L; NO, -N#) ¥ FE 1l
[l 4 0.040~0.294 mg/L, FH#{H }0.125+£0.085
mg/L. 5NH, -NMFL, NO, -NAibF /=5 A 2 H) AR
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(a) hzsA
100 Candidatus Scalindua rubra hzsA ODS33869

Candidatus Scalindua sp. husup-a2 hzsA GAX62882

ﬁ'_?(fandidalus Scalindua sp hzsA AEW 50032
98 — Candidatus Scalindua brodae hzsA KHE92665
97 Candidatus Brocadia sinica JPN1 hzsA GAN32119
Candidatus Brocadia anammoxidans hzsA partial AEW 50029
74’ Candidatus Brocadia sinica hzsA KXK32732
g4 A 6XLJ_SA gene 356340
A 1DT_SS1 gene 112706
A1DT_SA gene 5774
941 A IDT _SSI gene 98091 Candidatus
851 A 4NJ SS2 gene 115412 Brocadia
g5 A SZJ_SAI gene 262513
A 6XL] SA gene 116044

A 6XLJ_SA gene 236474
Candidatus Brocadia sp hzsA partial APW35796
Candidatus Brocadia fulgida hzsA partial AEW50030
95 Candidatus Brocadia fulgida hzsA partial KK020072
96 Candidatus Kuenenia Stuttgartiensis hzsA 5C2V A
H Candidatus Anammoxoglobus propionicus hzsA partial AEW50028
0.02 40 Candidatus Jettenia asiatica hzsA AEW50031

(b) hzsB
78 Candidatus Brocadia sinica hzsB partial KXK25786
Candidatus Brocadia sp hzsB partial AFA41965

Candidatus Brocadia sinica hzsB partial KXK27884
93, A 6XLJ_SS1 gene 144647

87 40 1 A3MAS_SS2 gene 68881
93| A4NJ SA gene 109498
Candidatus Brocadia fulgida hzsB KK020886
L | 95— Candidatus Brocadia sp hzsB partial AFA41966

49 91— A 3MAS_SA gene 137420 Lo
4'_—,7 IDT_SA gene 5773 J %’ggji‘s
92 =—Candidatus Jettenia sp hzsB partial AFA4196
Candidatus Kuenenia sp hzsB partial AFA41968

Candidatus Scalindua sp. husup-a2 hzsB GAX6288
Candidatus Scalindua sp hzsB partial AFA41969

93

Candidatus
Brocadia

W % 89' Candidatus Scalindua brodae hzsB KHE93198
(¢) hzsC
Candidatus Jettenia caeni hzsC BAFH01000000
38] A IDT _SS1 gene 178575
A 4NJ SA gene 46056 Candidatus
99| A IDT_SA gene 5772 Jettenia

A IDT_SS1 gene 85852
Candidatus Brocadia sinica JPN1 hzsC BAFN01000000
Candidatus Brocadia sp. UTAMX1 hzsC MW TF01000000
100 Candidatus Brocadia sapporoensis hzsC MJUW 02000000
79" Candidatus Brocadia sp. R4W 10303 hzsC PJZV01000000 Candidatus
1

89 “andidatus Brocadia fulgida hzsC KK020885 Brocadia
A 6XLJ SA gene 274408 rocadt
8 “andidatus Brocadia caroliniensis hzsC AYTS01000000
7 100 —— Candidatus Scalindua rubra hzsC MAYW01000000

C
|: Candidatus Scalindua sp. husup-a2 hzsC GAX62881
99 Candidatus Scalindua brodae hzsC KHE93198
98 Candidatus Kuenenia stuttgartiensis hzsC AMCG01000000
99 ' Candidatus Kuenenia stuttgartiensis hzsC OCTL01000000

—
0.05

(d) hdh
0 Candidatus Scalindua rubra hdh ODS34178

Candidatus Scalindua sp. husup-a2 hdh BAOS01000000
\—99'_7L(l'andidatus Scalindua brodae hdh1 JRYO01000000
93 —Candidatus Scalindua brodae hdh2 JRY001000000
100 Candidatus Kuenenia stuttgartiensis hdh SOH03722
%ﬂcﬁdatus Kuenenia stuttgartiensis hdh SOH04857
86" Candidatus Kuenenia stuttgartiensis hdh Q1PW30
99 I— Candidatus Jettenia caeni hdh1 BAFH01000000
Candidatus Jettenia caeni hdh2 BAFH01000000
971 Candidatus Brocadia sinica hdh JZEK01000000
97 Candidatus Brocadia sinica JPN1 hdh1 BAFN01000000
5 93'Candidatus Brocadia sinica JPN1 hdh2 BAFN01000000
A 4NJ_SA gene 27764 Candidatus
26[ A 571 SA2 gene 92072 Brocadia
Candidatus Brocadia sp. UTAMX1 hdh MW TF01000000

74 _Eandidalus Brocadia caroliniensis hdh1 AYTS01000000
0.02 97 “andidatus Brocadia caroliniensis hdh2 AYTS01000000

B 3 RSP hzsd, hzsB, hzsC T hdh EE ARG L EH
Fig. 3 Phylogenetic tree of hzsA, hzsB, hzsC and hdh gene sequences recovered from sediment samples
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Fig. 4 Correlation network of hzsA, hzsB, hzsC, hdh relative
abundances and environmental factors
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Table 2 Partial correlation analysis of hzsA, hzsB, hzsC, hdh
relative abundances with NO, -N concentration

NO, -N %
%E N e
Spearman A5 S PECTUN)
hzsA 0.935 0.065
hzsB 0.830 0.170
hzsC 0.992 0.008
hdh 0.888 0.112

o SunEPR I R, RITUIRY FINH, N
J¥°439.26~287.63 mg/L, NO, -NAYJ#k i $70.15~0.90
mg/L, NO, -NJ& 5% M PR 48 22 F A 20 17 3 B2 1Y O e K]
To A, ARWFFEX IR AT FE 5NO, -N
e B UE 47 Spearman i A 3¢ 43 HF (£ 2), 45 F W,
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3 it
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