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FEH T FORSF, S 2= AR REE ) 16S rRNA SEFARRIEEREIR 97 %6 VL b, ir MRMER: AOA B AR [FFhE 7E 16S
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10" ~1.34X10° copies/L" . BRI 2 H A9 ¥ DL KA 9.60 X 10° ~5.10X 10" copies/kg™*'.
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A04,A06 . A08,AT0.A12 . A14 A16 A18. B i 1 )2 KK 2K 4 3 pm M1 0.22 pom 1 5 filk T2 196 08 1
K o3 Pt U8 ISR & £ 1% (3 pms attached) B AT B AE 15 (0.22 pm, free-living) B Tl A W) 2R HE . 8 ik A
I 500 pL RNAlater iR A7 45 v I 37 B R AV AU RE 01 3 5256 %5 J5 AR A T — 80 °C B IR vk A4 .
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JHIR 2080 1.2 % W B IR B BE i E A7 /00, A 100 bp Ladder & DNA #r#E Marker. PCR F=¥ 2 4lifb )5 , {#
Roche GS Junior #ll J7 - & #5475 3 = 0 .
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cDNA BT , I 08 JG & 7K AR S [T 1 X R, A A A 5 R TR 22480 3 A AT, SE ) B PCR R R T 4
95 ‘CHiZAEYE 10 min; 95 CAEHE 15 5,60 “CHEMf 1 min, 45 DIEER ; SR 5 2E47 75 Ak ity 2646 00 B B, 22 ' BU(E 78
60 °C s ik ith 22 4 T R IR0 BE AR B B9 BORE (10 % ~ 10 1) 42 BIE J B MR 347 qPCR, 3 FI 43 51 % 1% 1Yy
Ct B A3 K 75 DL BOR A EERRME T 28 (R* = 0.990 6. 9" BARCR K 102.16 %) . SR J5 85 B flh (DNA L cDNA) i 1
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Fig. 1 Temperature (a, surface;b, bottom) and salinity (c, surface;d, bottom) in the Pearl River Estuary in summer
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i# i3 Roche GS Junior & kA1 AOA amoA KN JFE 44 5 F) ] mothur #4: (http://www.moth-
ur.org/) AT R A G T L A% B 51 W DL I bR 2 A O R BOR T 1 AR A 5B (A PR R A B I
T 300 bp WA BB 2B SH SR T, AT i — shared SCHF. ] | mothur ) get.oturep
AT LT 97 0 M SRR RLEE R B &S OTU MR )T I 24 BEIS 4% BERE b S AR P 51 S s o X B0 80 2R 47 24 —
AL 3 A Primer 5 #EAT ZAEEFR T . E R ALFEHEYE 5 IR A0 (MargaleD) (25 48 80 F R I8 %0
e IR A, HOT B A 43 538  d [ Species Richness(Margalef) J= (S —1)/In(N), J'(Pielou’s Evenness) =
H'/In(S) ,H'(Shannon) =—2>,[ P, XIn(P,;)],1—X(Simpson) =1— 2, [N, X (N, —1)/N X (N—1) ], ¥
S SRR S OTU BN AEIFFIEL P, A% i A OTU ZEBANFFI IS i el N, 28550 4~ OTU
AMAKL A5 2 0 51 4 5 BE (Coverage, OS2 R AT mothur #0/F Y summary. single 4> T 97 %6 19 J¥ 51 4 {8
BEXTZ SAAL T B amoA FEH P IV AT At A AL C=[1— G, /N T, H A 0y 550 P AUE — 5%
JPAIE OTU . N P8 OTU %K.

FIF mothur {677 RE AR /9 2R 28 43 BT, v Al B ik 2 48 RO 43 Bt (NMIDs) FIl H Primer 51
SE WL AN LB FH mothur [ tree.shared iy 4 3 T 7 B ] 3 1 (Bray-Curtis) 5 25 3 17 8¢ & (8] 19 3 Jin A 241
¥k (UPGMA) BRI 4317

PRt F R E B OTUsCRFINECR T 200 17 RE L F o416 iX 28 OTUs A ERIFF L4 FNCBI
i GenBank (4% J&£ Chttp://blast. ncbi. nlm. nih. gov/Blast. cgi) fif blastn X}, 3 F 8 & % F 3. & T
ClastalW AT 751 HL A, I DI BR W9 3t AN DE JC 19 17 510 4R 5 AL Mega 6 ) Models #4745 78 I Bk 356 1 fie
AT General Time Reversible, F) Ffx K AEL4R % (Maximum Likelihood) #:47 Bootstrap {H>F 1 000 14 &
Bk B M.
1.5 Hit=EaH

FIH CANOCO V5.0 b2 Ak v B HE Vi 205 /) 28 BRI B0 858 TR 22 8] 647 90 4% 40 Bt (RDAD 5 I Rl
SPSS 20 X} amoA FH PR 3 B A 3 EIHE 5 PRI D 22 0] 3 64T P PR 2Z W] 9 Spearman #H % 4341, DL &
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S U] A FE T AR K B0 B IR T /K S IR 5 e i B 4 vl K BR B (R D).
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Tab. 1 Sequencing information of AOA amoA gene in the Pearl River Estuary in summer

Samples Quality Reads No. of OTUs Species Richness Pielous Evenness Shannon Simpson Coverage/ %
A2B-0.22 3119 52 6.34 0.56 2.22 0.81 99.90
A6B-0.22 5483 11 1.16 0.09 0.22 0.07 99.96
A8B-0.22 2 844 28 3.40 0.45 1.50 0.71 99.68
A10B-3 1937 11 1.32 0.17 0.41 0.20 99.90
A10S-0.22 10 871 9 0.86 0.35 0.76 0.47 99.96
A10B-0.22 9402 9 0.87 0.07 0.15 0.06 99.98
cA10B-0.22 8 133 24 2.56 0.36 1.16 0.61 99.90
A12B-3 1612 20 2.57 0.23 0.70 0.35 99.38
A12S-0.22 7931 12 1.23 0.46 1.16 0.61 99.94
A12B-0.22 10 470 23 2.38 0.11 0.35 0.17 99.91
cA12B-0.22 5329 22 2.45 0.31 0.96 0.54 99.85
A14S-0.22 679 17 2.45 0.14 0.41 0.13 98.82
A14B-0.22 8 068 15 1.56 0.15 0.40 0.21 99.89
cA14B-0.22 6 774 20 2.15 0.33 1.00 0.59 99.85
A16B-0.22 8 074 19 2.00 0.17 0.51 0.28 99.90
cA16B-0.22 8093 24 2.56 0.30 0.95 0.53 99.89
A18B-3 1092 6 0.71 0.34 0.62 0.40 99.73
A18S-0.22 1296 26 3.49 0.30 0.96 0.37 99.23
A18B-0.22 9420 38 4.04 0.22 0.81 0.45 99.90
cA18B-0.22 7 900 31 3.34 0.29 0.99 0.56 99.84

¥ : B, bottom; S, surface; c,cDNA; 3,3 pm(attached) ;0.22,0.22 pm(free-living).
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L&A 64 OTUs(E D.HKRERSE OTUs 8 H & TEJZ: cDNA F 5B OTUs 50 H & T DNA, Z5
W5 22 Fr AL B ERIRKOCRIE A A2B S & A e K OTU 0 (52), [Mi A e KA £ &
FEFRE(6.34) A BEAR40(0.56) A AR TR £ (2.22) FI ¢ AR 48 20 (0.81) (R D AEWHFE M 2B T4
YIRE T 1) T 5 B DL B A AR I A X L 81 BE 7 =F B R 48 A (MargaleD) 8 , U B I 3 358 vl A= 0 BV 1) b 2%
FE B X TS FEEHEEL T (Pielou's Evenness) e U5 48 $I08 5 158 B 78 0 P55 v 45 E 9% 14 o0 A 35— MRl &g s o
e R8O T REVR A R v U R R A R SR AN S R R AR RO R 2R G R TR
FNE 57 BE 1 — N BE V& 22 0 i 250, A8 B30 0 e U] s 7 L BRI v B 22 R 1 s B T 45 > S 80 RS
LT 458 s (D E B RAR M B A7 (il A2 A4 A6 FT AS)  AOA FURETE ZAREME B8 v T Ho M 3k B %5 s 1Y ol



26 F i 0T K AR CA AR ) 2023

B (p<C0.05) 5 (2) [Al — 5T 7 , R 2R IEHY AOA #EVx ZHE M TR 2 (it DNA JKF-F1 cDNA JK-F-
(RS K B cDNA JKF B RV 2 BV BT 5 T DNA JK 5 (4) cDNA JK - 1 359 55 B 15 8085 T DNA K
L BB AOA (1) — 36 = FE B IR A0 1 i A0 5L A W 5 194 2 538 396 2 i o — S 3 R A R 1 W LA A AR ) B SR
PR a0 F B2 s 1 OTUL 76 DNA JKF E AR H ik 68 %6 ~97 %6, cDNA JKF 2 4896 ~60% ;1 OTU2
£ DNA ZKF LA XS He il R 296 ~27% s cDNA JKF- 12k 25~45%.cDNA 7K F 158 Sk T 08 -l s Bl T 3 BR
ARG 0 T P 2 S BB I AT DX T i 24 0 B 9 A B 0 A B B AR T B Y 4 T IATR A0 2 T AE BR VL T B A 5T
K IHLE SCM1-like W & (1 /5 5% ST PR Ah L 7 S oK P 1 i 285 5 30 5 22 45 5 HL A F 92 F BOOK e it L
IEM A Y EE.
2.2 AOA amoA BERWESZLXB N
BT O AOA EE R T 7 %, 4> 92 Shallow group # , Freshwater % , SCM1-like # , Coastal

%% ,Sediment % , Deep group #% ., Soil #% , H 7t Shallow group # #% 40 4> & Shallow group 1 W #% . Shallow
group [l 5% ,Shallow group [ %% ; Freshwater 5% #1 Coastal 5% J& A B 57 W8T & BLAY IF 43 ) 4 4% ( 2).
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Fig.2 Maximum-likelihood phylogenetic tree of the AOA amoA gene sequences based on the top 40 OTUs obtained

from the Pearl River Estuary in summer
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like #% , Coastal #& » Sediment # , Deep group #% ,Soil #& H & 8.3,6,4,2,2 4~ OTUs. X 26 7 51 4 K 251
UG T HEFEKAR , D EE 43 7 50 >k B P DU R BE AR 28 R 48 Hrh Shallow group T % 0 [A] 5 5 51 o
T [ AR g K R AR T KA TR s Shallow group I ME £ 9 [R5 1 R U8 T4 1100 00 R JE KT
E i A X AU AR R R R T K R B OB L TR B CON25 TR R s 3R 4R AE X S W F% s Freshwater 1Y
[ 5 371 S PR T AR T K AR R 3R K K T 5 Coastal # 0 [R) U8 FE 514045 2 BT 2 20 85 A4 46 1 (PSo Al
HCAD ™ FiIk 1 28 V4 BRI | w1 R UL Y i BB RE 5% 1) 5 Sediment 52 (19 8] I 51) >k T 52 58
HIREAR P X UURY A AR JE W DA 2 s Deep group # 1Y [a] U5 ¥ 1 A U8 T 43 b AP HE B 401X L A1) 4 )
T OB A AR 5 Soil 2 14 1R I 51 A Y5 T 52 W1 AR e 0 ORI TOAR A R AR K AR
23 SEUHEBHESEHAR
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Fig.3 Community structure of AOA in the waters of Pearl River Estuary in summer
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1, Shallow group 1 WWFE7EABRIGFEMRIZE AOA BEE T b 241, X B Shallow group 1 W.AEH
A K 8 ) RS IE I AR R M B 32 R (Candidatus Nitrosopelagicus brevis CN25) B 5 R 2H F 2K 1 i 4H
TR R 25 5L, Shallow group T W% HLAT = 2 B 25 3 R 3 70 7 T 55 8 IR R 2B P I TR R R S 41
3 A [F] — 35 47 B 5 DNA F cDNA 7K E 47 He 4, Shallow group [ W#EFE cDNA /K- L3146 A6 5
(9 e ] s Deep group #% HAE cA16B-0.22 Fil cA18B-0.22 WiANAE i Fi £ 78 5 H. Soil £ 3K JE #9 F EAE A2B-0.
22 RE S b R B A BIF ST (0 BE T 25 H 2E 5 R IR B 100 m B9 AOA T VA 45 0 28 BB S AR AR L {H A BT 5 vh
% ¥ Shallow group [l W #%. 35X 7] A& /2t T AW 58 19 R AE S5 AL T ZE BRI 11, 17 Shallow group [ % 32 2 #¢
A Y TR S5 e BT 3 LAY
24 SELHEBEERENN

Wik NMDs il UPGMA W Fp 5007 FF S T A I R 2R R B T JLF — B 45 53 (B O BRIR K
KU A2B w7 FER BEARXT BAR Y A8B i i Ah T A K2 M AR IR 1Y 0.22 pm(free-living) #F i AL TE — L
RZMG KRN free-living #£ T RAEAE — & MIRJZ B ACEIRN 3 pm(attached) B G REAE — &, BLWI R Z
FURJZRIEN) AOA 22 7B AR AT SHE N AOA BEEZ MFTEE — 2 W25 HH T %2
FIE 2 22 1] 1Y) 22 5245/,
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Fig. 4 NMDs plot(a) and UPGMA clustering(b) for samples collected from Pearl River Estuary in summer

25 F|EUHEW amoA FEHH

FI b o 223 D035 i AR KRR 5 A2 KB AOA amoA FEDIHE DR 5). A AR5 (0.22 pm) Y
AOA amoA 1 DNA /K I 22 HUECH 2.31 X 10° ~2.76 X 10° copies/L, H.th A2 A8 A16 i K # i ;
JEEJZ AOA amoA FHFE VI E N 3.40X10° ~1.81X10° copies/L; M JiE)JZ cDNA 7K3F 2 AOA amoA H: N+
DLECR 4,66 X10" ~1.73X 10" copies/L H A2 Fl A6 ufifi KA H B 5 436 (3 pm) 19 AOA amoA 7E DNA /K
e b EHE DB 8.57 X 10" ~1.98 X 10" copies/L, Hird A8 B {7 A4t ;222 cDNA KF | AOA amoA K
PR 42 DLE A 1.93 X 10° ~5.87 X 10° copies/L H A2,A8.A16 Fl A18 i A # 1 JEJE AOA amoA HeH £ N1
BN 2.21X10%~6.60X10° copies/L; MiiK)JZ cDNA /K E AOA amoA FEHFIE NLECH 1.06 X107 ~5.81 X
10* copies/ L. 1 PAAE A9 SCHERARIE B  BRTTRIZ KR AOA amoA ¥ DUECH 6.27X10" ~3.63X 10" copies/ L,
MR JZ KR A 3.59 X 10° ~4.98 X 10° copies/L"" s A [i] # F2 K BHIIA 1 AOA amoA F [ ¥ DL Ky 7.80 X
10" ~1.34X10° copies/L"* BRI .0.22 pm 3 pm H & 5 amoA FEW FEE; TiLEAE 0.22 pm fL
IR JETE 3 pm fLAR b samoA (3= BEH A & TR H1 30 S 55 i 8 #5451 L DNA AR T cDNA E % & 1
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A.0.22 pm fLA2 LAY IEMERT 3 pom £LAR ULHA F AR TG B9 AOA amoA FE N TG P LU B 5 A2 16 004K R W1 T
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Fig.5 Gene abundances of AOA amoA in the Pearl River Estuary in summer
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RDA 73 #r 2 W] 2= BR VT 128 S8 A v T A 7 4 02 80 i 88 R 66 88 0 35 52 Wi Spearman A SGE 70 BT 7S
RS EE N Shallow group [l AR E M B3 A (p<<0.01) ; ¥ 5 Shallow group [l W% 2 & 3 1
FHK (p<0.01) i 5 SCM1-like 7% 5 HAH & (p<20.05) 5 {EIR BERIER BEXI R 5 amoA BEIH B2 7 Hh AE AT A
SN (3 2) RUAE XS BRIV H T 1 21 B i LR h & S A R Y BB S B T B R R AOA REVE 45 1 1Y
KEENR H AOA BYFBES pH AR R IEAR S s ZRIL O IURW i AOA 212 5 ERBEAR G, HL AR M AT
FREE R MABITE R I AOA amoA e IH 7 18 6 45 £ L B AR N R A% L 3 7T AR J2& A BIF 52 2R £ T 1 K R i BT
Y 28 5 BT H ARG AOA B amoA FEN 2 B A ALAL 32 46 8 DX B9 9 35, [Al i 8 22 32 3R B2 B HLE
e Fh U L A S AL

®2 EERIASENLEHEAEM . FESHERETF Z B Spearman 18 3K 5 53 17
Tab. 2 Spearman analysis among AOA community composition,abundance and environmental

factors in the Pearl River Estuary in summer

R value T S SG | SG 11 Freshwater  Coastal =~ SCMI-like DG Sediment Soil
S 0.938* *
SG 1 —0.260 0.172
SG 1 —0.672" " 0.587" " 0.441
Freshwater 0.340 —0.440 —0.408 —0.205
Coastal —0.336 0.276 —0.099 0.392 0.034
SCM1-like 0.352 —0.473" —0.247 —0.176 0.152 0.354
DG —0.424 0.424 0.026 0.494" 0.207 0.408 —0.358
Sediment 0.232 —0.108 —0.539" —0.589"~ 0.032 0.151 0.238 —0.214
Soil 0.100 —0.178 —0.281 —0.503" 0.230 0.275 0.491~ —0.139 0.677*
Abundance —0.222 0.089 0.845* * 0.337 —0.128 —0.107 —0.335 0.032 —0.458" —0.162

TE: 7 FRR p<<0.01; " FR p<<0.05.T,temperature; S, salinity ; SG 1, Shallow group 13 SG I, Shallow group I3 DG .Deep group.
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Community structures and activities of ammonia oxidizing archaea influenced

by runoff input of Pearl River Estuary during summer

Jing Hongmei'**, Zhou Peng', Zhang Yue', Liu Hao', Liu Hongbin*

(1. Institute of Deep-sea Science and Engineering, Chinese Academy of Sciences, Sanya 572000, China; 2. Southern Marine
Science and Engineering Guangdong Laboratory(Zhuhai) , Zhuhai 519082, China; 3. HKST Sanya Joint Laboratory of
Marine Science Research, Chinese Academy of Sciences, Sanya 572000, China; 4. The Department of

Ocean Science, The Hong Kong University of Science and Technology, Hong Kong 999077, China)

Abstract: Nitrification is the core part of the nitrogen cycle and ammonia oxidation is the rate-limiting step of nitrifica-
tion, therefore, ammonia oxidizing archaeca( AOA)as the main force of ammonia oxidation reaction has become a research hots-
pot. With AOA amoA gene as the molecular marker, this study uses 454 pyrosequencing and quantitative PCR with seawater
collected from the Pearl River Estuary during summer with runoff input to investigate the community structures and activities
of free-living and attached AOA communities at both DNA and ¢cDNA levels. In summer, the station of mainly freshwater
source( A2B)in the Pearl River Estuary had the highest AOA community diversity but the lowest amoA gene abundances. The
abundance of free-living AOA was 10-1 000 times higher than those attached ones. Salinity was the main environmental factor
affecting the community structures of AOA, however. there was no significant relationship between the environmental factors
and the AOA amoA gene abundance. Distinct AOA community structures existed between the surface and bottom, and was
more obvious than the difference between free-living and attached fractions. This study highlighted the necessity of studying
functional groups at the cDNA levels, and provided insight into the influence of environmental variation on the population shifts
of AOA in the aquatic ecosystems.

Keywords: ammonia oxidizing archaea(AOA) ; amoA gene; Pearl River Estuary; 16S rRNA
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