TEIANY224R (Jiangsu J.of Agr.Sei.) ,2020,36(3) :584~590
584 http: //www.jsnyxb.com

gk 3 RIGHE, IREER 5. ARZRAIRE H T 2B EEABAEY A TR ] VIR R AR ,2020,36(3) £ 584-590.
doi : 10.3969/].issn. 1000-4440.2020.03.008

AEXBEBEHPEEIELHNEDH S RHEHE

ooE RE KASY, KRS
(1.7 505 B LR R AR K TP UL S5 0PA8 U A B8 O/ T A R R R S SEIR S, 7108 r AL 2100445 2.9 R}
B r ot RS T, B SR TR R R E K E S S E VLI B 210008 ; 3. LIPS AL, thPE K 030006)

TEE. e E R Y i S B 5 A RN BRR M L & W B BT RS BRI T (0~ 50 em) |, ELECHH 5T F
FH 38 rh U A W I T 1 22 S S LR R AL, PPN L S U AT I e G R, S5 SR R SR
FH A e i T3 412,82 ~22. 30 mg/ (kg + d) , B S FRI AT [4.26~7. 46 mg/ (kg - d) 1. S:EARE H +3E5H 1Y
Comammox amoA F& K ¥ DL E(Clade A 5 Clade B ZF) Y{EH 1 g 8.8x10%4£ Il SEF R 2.4 4%, H Clade A
5 Clade B W FHLETEHI 2.5~ 12. 7, 1F5E T Comammox f#7E T 2 FASEIZS B A RS H -8 v 2 BARS I AN RS 50 RS
T A E A AL NS (AOB) A amoA FEDFE DUBIAE 0N 1 g 3.75x 10%#5 DLAIN.23x 10°#5 D1, 2 S8 AL 7 8 ( AOA) (1)
amoA FERFE VUEIAE M54 1 g 2.05%107# DLHI0.35% 107$4 D1, 3 2 Fl i L P 4% DU 7610, 1~20. 0 em 255
FfEs o BRI, 2 A8 H 2 E AL A1 ( AOB) X 2 M0 I 1 STk 35 $190% ~ 94% , Tiii Comammox [
3% kAT, FEWHR BN E (AOB) FER E AT b 2 4F T AR,

KR MH; SREENE,; A, 2, 2l

FES%ES. S511.061 XHRFRIRAD . A XEHE:  1000-4440(2020)03-0584-07

Differentiation characteristics of complete ammonia-oxidizing microorgan-
isms in different types of paddy soils

ZHANG Jie'*, SONG Yi-xuan"?, ZHANG Xin-lei'"’, ZHANG Yao-hong'

(1. Nanjing University of Information Science and Technology, Collaborative Innovation Center for Forecast and Evaluation of Meteorological Disasters/ Jian-
gsu Provincial Key Laboratory of Agricultural Meteorology , Nanjing 210044 , China; 2.State Key Laboratory of Soil and Sustainable Agriculture , Institute of
Soil Science, Chinese Academy of Sciences, Nanjing 210008, China; 3.Shanxi Climate Center, Taiyuan 030006, China)

Abstract: In this study, the alkaline coastal paddy field profile (0-50 ¢cm) with low nitrogen and acidic Nanjing
paddy field profile with high nitrogen were selected to compare the abundance of ammonia-oxidizing microorganisms in pad-
dy soils and its environmental driving mechanism, and to evaluate its internal relationship with ammonium oxidation poten-
tial was evaluated. The results showed that the net nitrification rate of coastal paddy fields ranged from 12. 82 mg/ (kg - d)
to 22.30 mg/ (kg + d), which was significantly higher than that of Nanjing paddy fields [ 4.26-7.46 mg/ (kg « d) ]. The

average number of total copies of comammox amoA gene

7S B #1:2019-08-12 (the sum of Clade A and Clade B) in the soil profile of
HETHE . B HRBEAE ST F (41671247 .41103039) 5 TR [ coastal paddy fields was 8.8x 10° copies per gram, which
RBP4 T H (BK20171455) 5 TLIR48 K24 A Al was 2.4 times greater than that of Nanjing paddy fields,
Y2455 H (201810300094X 201710300018 ) confirming that comammox existed in two different types of
EER 0k 5 (1994-) , Zo, BRUFTIN, BiEaFotsE, M paddy fields. In addition, the ratio of Clade A to Clade B
Fri Sy A FY . (E-mail) 1044909837@ qq.com ranged from 2.5 to 12.7. The average copy number of

BIRAEE KA, (E-mail) yhzhang@ nuist. edu.cn amoA gene of ammonia-oxidizing bacteria( AOB) in coastal
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and Nanjing paddy fields was 3.75% 10® copies per gram and 1.23x 10° copies per gram, respectively. The average copy num-

ber of amoA gene of ammonia-oxidizing archaea ( AOA) was 2.05%10 copies per gram and 0.35x 107 copies per gram, re-

spectively. The abundance of these two bacteria were the highest in 10.0-20. 0 cm soil layer. The results of regression anal-

ysis indicated that AOB contributed 90%—94% to the potential of ammonia oxidation in the two paddy fields, while comam-

mox only contributed about 3%, indicating that AOB could play a major role in ammonia oxidation in the two soils.

Key words:

nia-oxidizing bacteria( AOB) ; potential of ammonia oxidation

TEALAE IO F AR A6 0 %) S B e Akt 2,
ERE IR AREA MR AT AAEH
SEAH A FR IS — 20 SO, 02 A~ i i ) BR 3 2D
R, —H LIk, A kA8 T R A Y 2 A AL A T
(AOB) J& HorfE— 7K 3 | B3 28 A6 T T (AOA) B
R AU T R A At AOB I AOA W
B Gty P D E

Ml 28 8 3y 7 2 B T, — U E Pk Bk
NH, Sk 0 il R £5 |, -4 2k S Ak 0 il R 16 1 1 25
AL R R TTATHY D 2015 4R, Bhp AR K AR AR
BERGH AT 2RAEHMEY ( Complete am-
monia oxidizers , Comammox ) , &% B 4% 5 Wi )\ NH;
2 NO; YA BT A BF 95 45 SR UE 52, Comam-
mox | VZAFTE T AR M L5 A SR ] DA
KI5 JE AR FH K AL R g {H A Comam-
mox 24 A fb i K (1Y) TTER Dh X S5 & 551 AOA I
AOB WMl AH B 55 G/ He A7 o H AR N 8 B0 AT
1 R S,

Fef I R 22 B A K A B EF R 1Y
s, F A A E AR R R B, A HRIEIAN,
Fief FH - 498 rp NH, ¥ B 19 28 16 ] i 2 9K 31 Comammox
1 AOA J AOB HYHIRBEIN 71 Szt AT Y
SN ARG 3 R B3 N OK O 22 SRk HL R
RS S B TR, W2 & W N G2
NH, AAFEIEAS . 32 HO A A P s e, i Pk
b NH, v BE S A T A AR 1
228 AOA 1 AOB 2 S i H e fiefb AR s 728
Z(NH, ) , 1 A fE AL B F A 8% (NHE) M5 1 Co-
mammox J& 5 R A A IR F R AIAEE, F
LW 5% & N A, AOA X NH, B 2% f1 g i & F
AOB'™ | [AI AOA 58 A F SR M HHEE AL
i1 AOB JI7E ik i o 38 v & FE AR i
ORI 45 S 0 F B | 4 A S A 4 T X NH, 1Y
SRS T REZHTHEFE 1 AOA | RENE TE I b ik

paddy soils; complete ammonia oxidizers ( comammox ) ; ammonia-oxidizing archaea( AOA) ; ammo-

B TR A NH, e B A Bt 38881 SR, 78 AS TR
pH {E ARITEE N KV B FE H 355, Comam-
mox I AOA | AOB X} A5 H - 48 2 5 Ak 3 5 1) A X 53
BRATIAN TS 2

PRI, AR S50 16 B 2 AN AN TR) 28 A8 19 A H——fk
BAPE N ZUR A VT O S RS R TE N B
B LURE T, BFSEIX 2 A4 HE 4 ) T %) 2 AR A s
RS I A E W £ 48 7 P & 22 B i N 7
KA,

1Bk

1.1 TEHESR

SRAE b Ry i T S W0 R R A (31, 50°N,
121. 92°E ) Ml U5 B TR KLl A 560 0l
M (32.16°N, 118.86°E) . P/MAg M #RAL T b 31 #4
R S X, AR K #1000~ 1 100 mm ), 474
il 15.6 C, TERMREHALL S BBEE 6 R
SRR IEZ) 10~ 15 m, JH - 45H 0~ 10.0
em.10.1~20.0 cm.20.1~35.0 cm,35.1~50.0 cm
T P 1 W % £ R e o 10 = 1 =
A VK G iz P S = B R H
1.2 TEEAERNE

TR (TN B 5 R 2 o B IR 2 3
FE . HLEA MUK (TOC) 1 5 SR H W i IR - 7 4% TR
BV - I R R R A S AR A
A& 2 mol/L KCI RS2 )5 , R AA3 i 3h
BTG, 1398 pH SRAH/K £ HR2.5 0 1.0 (%
L) FRBOKE WS , FECF R BT

FH A A R Sz AR ) i M i R R A e
W1, AR I R AR R IRTRR
PRE 10 g(FHL) 0 15 ml 881K 6 RS
B5] U R, FRBUS B I iD R, 25 C bl
FUREFR 7 d UESOE LAY, B FRA RS,
BRI 2 4.5 1 4R 3 ANHETEIN, B4




586 o9 &b 2 W

2020 4E & 36 % 3 M

EERIE TR IR 2 (1) PR RREE, 52 A1
6 MR T, B WAS I A (NH, ), SO, & Wi Al N
He Mk BE K 3] 200 mg/ L, FEAR 4R o v AN N 25 B 1
IK A2 F2B Tk Ml 20 ml, SR 5 76 1E I 1 346
H 25 CHEYEREFR 7 d(o) Ja , BUR AN, I e He
PR A Ak B, ML R WA AR . N =
[(NO3),~(NO3), 1/ (t=ty) , 2 N M ik 5,
Ff A me/ (kg - d), (NO3), FL(NO3), 4351 ¢ d
A0 d B NO;-N %,
1.3 11 DNA 2E

FI|F Fast DNA Spin kit for soil #2HAF]& (MP
Biomedicals, USA) #& 8 +HEAE & ) 5 DNA, B
0.5 g TS, #R) & U B 45 1 20 R4 DNA
W4 DNA 50U 43566 B 1 ( NanoDrop -1000
UV-Vis) Jll & DNA ¥ R4 R, 3 DNA {#47 F
-80 CyKFEFFH .
1.4 ZHWEHEE PCR

1£ C1000™ Real-Time System ¥ 4% I #4752
B9 e & PCR 973, D 2 A0k T (AOA) (%
AALZNTR (AOB) Fl &t & AL A R 43 X A 53
B ( Comammox Clade A 5 Comammox Clade B) f¥
amoA BRI ¥E D1 %, AOB  AOA . Comammox 1Y) amoA
B E & PCR BT Y 8 5 1 M3 5544 2 BEOCHR
[16] [17]FI[ 18], RIWAKFRIIH 20.0 wl, 145
DNA FEfh 1.0 pl Tag DNA AR 10.0 pl  Fi )5 51
P45 0.5 Wl EHIK 8.0 wl, B S
amoA FEF W EE 21 Bk, IF HEAT T 50 00E , 75 4 ot

*1 AEHEHEITENELER
Table 1 Physicochemical properties of different paddy soils

JEEE 31 ( NanoDrop ND-1000 UV-Vis ) i & J5i kL
&, I FIC R KCOR ORi Rz g6 ~ 8 AR BE , T il VE
it PCR bRt 2, 4 dniE th Ze 55 B i 2 Y
5 0LHL
1.5 #HIESIT S

FH SPSS 16.0 3k 4 HE4T 48320 #r, i i B 2%
J5 225307 (one-way ANOVA) Fll Pearson 73 #1147 +
ey BT 2 A AR B R R Y 22 SR DL SR OG
PRS2 K Fa=0. 05,

2 ZER 550

2.1 ARZEBFBHITENOELER

T e R A A 50 T ) - S A T an
1 s, B a8 T NH; A NO; & 5t i [
43H1N8.6~9. 6 mg/kgF113.1~17. 8 mg/kg, H1 BT
SRR H -, LR - R B A b/, TS
AHRE H AT NHG A NOS fr s AR g BE A K, 3R
0~10.0 em HEMHSESHEE S TIKE, HEH
Sy AR S e RS 3R BN, R R Y TN
HTOC BIES IR 1. 72 o/ke il 18. 68 o/kg, 43 2
SEUAREH A 3. 3 F5H0 2.9 £, R RURE TR pH
H6.3~6. 5, SR HI T 0 pH {H87.6~7.9, Sk
M5, F R A e A W 1, B PR AR
R B TR P R o T AR A A /N s S PR R e
PERTE L, R HE A A S RS
TIRZE T3, SO HE— TR G307 1 A8 T Y 204
fead AR T ARG BB AL Ak

NH; &6t (mg/kg)

STRETR N NO; &% ( mg/kg) TN &t (g/ke) TOC F & (g/kg)
(cm) [h 1y 5 1y 50 1] R 50 1y
0~10.0 9.6x1.1a 5.5+£0.9a 16.4+1.2a 8.9x1.1a 1.84+£0.17a 0.77+£0.15a 20.6+2.4a 9.5+1.3a

10.1~20.0 9.2+1.1ab 3.2+0.5b 15.7+0.7a 5.1+0.6b 1.68+0.11ab 0.48+0.08b 19.8+2.7a 5.2+0.3b
20.1~35.0 8.8+1.9bc 3.1+0.5b 17.8+1.2a 4.2+0.5bc 1.81+0.12a 0.43+0.02b 18.9+£3.5a 5.3£0.2b
35.1~50.0 8.6+0.3¢ 2.7+0.5b 13.1+£0.6b 3.7+0.6¢ 1.55+0.14b 0.39+0.01b 15.4+1.5b 5.1+0.2b

TN: LHERETOC, LIEEA IR, W —FAR R FRERRTE 0.05 KF 2257 B3,

2.2 AREIZEEEHENOHELER

1 YR, g o A B AL B 4.26 ~ 7. 46
mg/ (kg - d), 1 ,10.1~20.0 em 1 )2 8 il
fEHOR B2 & TIRZ, S5 UIRE H A6 1k 30
12.82~22.30 mg/ (kg - d) , TN FIZ bR

e i, TR BB S0 T 2 0N o A S B & B
PR RS T HASA SRR B EE
A, M R B 0.667 F10.927, 5 + 1
TOC 52 f 3 1E A 5, A 5 R 43 71 4 0. 70 F01
0.87",
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MR H SEHARE
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0 0-10.0 cm; 8 10.1-20.0 cm; A20.1-35.0 cm; M35.1-50.0 cm

AN FREFRIR 28 5 .3 (P<0.05) .
Bl 1 AEZRBFEETIEARELER
Fig.1 Nitrification rate of different paddy soils

W
1
o

amoAFEDUVEL (x 107, 1 g)

SRR

AU
TR

23 AEEVEHIENSELHAENEEEE
HHE

P PR 2 AT T e TR S A R A = SR
P (AOA) B amoA FER#E DI (LT H11) HE 73 51
M1 g 0.35%107# DL AI2.05x 107 ¥ 01 Hodh 4£10.1 ~
20.0 em + 2 dm, 45108 1 g 0.82x 107 # U1 A
4.18x10"#5 01 , WA H 30 & S 1L 41 % (AOB )
) amoA JE R ¥E DB ME /50 1 ¢ 1.23x10° 45 I
F13.75%10°#5 D1, Horp 1 7£10.1~20. 0 em )23k
B, AR 1 g 2.41x10% 48 DL F16.21x 10° $% I1 ,
AR SCPE A3 HT & B, S5 B R R 5 i b 2 A e T
(AOA) 5 AL (AOB) 1) amoA DK ¥ D% T
FIEAHSC X RECH 0927,

8

= AOB

R

X

Z il

= d

=4 e

g g g

N 0 4‘_“—
ARG H

0 0-10.0 cm; 8 10.1-20.0 cm; 3 20.1-35.0 cm; M 35.1-50.0 cm

ANRNG FREF R ZEF B (P<0.05) ,

2 AEBHIESENLHE(AOCA) MEELME (AOB)amoA ThAEEE # I

Fig.2 The abundance of ammonia-oxidizing archaea (AOA) and ammonia-oxidizing bacteria (AOB) amoA genes in different paddy soils

24 AREEZFEHITENEESSNHEFEFHE

RT3 AT, PR Fe 4 rh e AR L A T
Comammox Clade A A3 JF 22 RAR K, m mLFd H AN
S AE H 1384 Comammox Clade A amoA FER#% 111
BIED A 1 g 0.29%x107H5 DLA10.87x107#5 11 | H:
HAE10.1~20.0 em H )2 KB & &, 40l 0 1 g
0.73x10" #5 DL #11.97x 10" $5 D1, P> Fg HH 71 I F
Comammox Clade B amoA 3[R ¥ D1 Fe 4 {E 43 51~ 1
g 0.75x 10°4% DL F11.04x 10°$% D1, Horp B 7£10.1~
20. 0 em 2R E R m, 43900 1 g 2.15%10°45 DN
2.22x10°PE DL 38 AR S 20 # B, 1
PR A A YN Comammox Clade A 5 Comam-
mox Clade B [ amoA & PR ¥ DU 4 34 52 Wl 35 1F AHOC,
FHOCHR BT H 0.98° F1 0. 94",
25 AREEXEFEHITEIILMEYE NBLLE
VSBOE-R=R A E: sl

Xof B AR RS AR - R 0 2 S A U 4

D T, A5 (3R 2) R, AR I P & A
R TR (AOA) 55 4 8 4 S0 Ak 20 TR 1) Le A 43 50l Oy
1. 54 F1 2. 32, Ut B 0948 DUECK [ — B 9, A8
B, 2 AR (AOB ) 5 2R 2 A AL 40 T 1Y F(E 1
KT 40, 1M H 2 F AL (AOB) 5 & Akl &
(AOA) Ay HUAE WY KT 10, 3000 3 KA AL EY)
o AL (AOB) BB (5 A et 3, (75
TR, AP 2R EAE Clade A 5
Clade B Ay LM T 1.0, Ui W] Clade A 764 TR
AL G A I R

B R EAMEY) amod R ¥ DB 5741k
HORGEATLAE WA 70 Hr (3R 3) |, & PR 5t A H RS
ARG e Bl S0 AL R i 1 m & S AL 4 B AOB
A O R 1 e R, IRt Dy BRI bR A il ik 21 7. 67
2. 54 H R Z A AL B (AOA) |, i 17 i # /N )
BB EIL A Clade A F1 Clade B, 8 4 i i/
D7 Rt — 2 AR AU xR AR 1 TR
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L ER R AN TR & AL A0 T ( AOB) XAk
TR 1Y TR R IA F90% ~ 94% | T 4> Fr 2 A AL 40 T

(Clade A+Clade B) B9 TTHERAL 2. 9% ~3. 4% .,

247 CladeA a 23 CladeB
o D a a
18t o 21Fb
E E
X X b
& L2r = 1.4+
= b b b =
o *®
% 0.6 c d . %“ 0.7F ¢ q c
£ e £ e f
S S
0 ] rm) v oo rm) 7
R 2 TRF 0 TR )R I
[ el [EE Sl

0 0-10.0 cm; O 10.1-20.0 cm; £ 20.1-35.0 cm; M 35.1-50.0 cm

ARING FRER R 22 5 3 (P<0.05) .

B3 FAEXBBEHITESLEIENLAE (Comammox) amoA ThHEE FE#2 N

Fig.3 The abundance of complete ammonia oxidizers ( comammox) amoA genes in different paddy soils

F2 FREXBEHPEREAUBEY amod EEHENHZLL

Table 2 Ammonia-oxidizing microorganisms amoA gene copy ratios under different paddy fields

N AOA/ AOB/ Comammox Clade A/

DA IJ__T

RHER ( Comammox Clade A+Clade B) ( Comammox Clade A+Clade B) Comammox Clade B AOB/AOA
M at R 1.54 42.79 42.20 60.88
SRR H 2.32 45.39 99.50 19.23

AOA : Z 8L T ; AOB . A AL AN T ; Comammox Clade A 2 FER EALANTE 7 A ; Comammox Clade B: &FE R ELAME 777 B,

®3 HUEREESREUMEVINEEE amod HENHZ B EIFHE

Table 3 Regression relationship between nitrification rate (Y) and the copy number of ammonia—oxidizing microorganism amoA gene(x)

e MR R
AT - -
mYE P e AL mYEpig: P RAL
AOA Y=0.191x-0.712 0.810 Y=0.195x-1.184 0.375
AOB Y=7.671x-30.557 0.884 Y=2.537x-4.657 0.410
Comammox Clade A Y=0.212x-0.893 0.963 Y=0.068x-0.251 0.245
Comammox Clade B Y=0.061x-0.263 0.866 Y=0.014x-0.131 0.644

AOA AOB ,Comammox Clade A .Comammox Clade B W% 2 ¥,

3 1

CA MRS R R, R a AP nl BE
Doy T A8 DR K EA SR AR
FELETAIR N A 5 A e SR FH AT P R 22 5%
B FH g | JpAG00 o i R R Ak
B (Comammox ) amoA & R #%5 D14k | 433 A ( Comam-
mox Clade A) 577 3% B ( Comammox Clade B) amoA
FEDIFE DLETAY M 1 g 0.5x10° ~2.0x 107 #% DL FT1.1x
107 ~2.2x10°F5 I HES2 T & A4 5 @ A b
AT (AOB) FIE AL T (AOA) —HE, iz 70 A T
ANTR) B 0 e R b T H, P AR g

Comammox amoA FEHNFE N (X A 542 B 2
) BMES AOA MR AR TR] , 360 4 A5 2 A 1k 4
T AT BEAEIX P FR S (8 7K R i A A rh 5 —
SERIE

— AN AR B R A A S N 5 — 2
SRR R AR R A SN ) A AR B A
S (NH,) MIASEE T8 (NH,) ' Wi A kit
FRAEXT pH g BE fUR 1 BB AR W 2 i B2 IR
R NH, B 43 BORAR, i DL — L LIORREA AT
NG A BETERR M R b e A, (H S Bk
ik 22 W VRS 26 B R 1 - 30 AR RS AR R
e AT P PR O 108, AT b SRR M R At
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g FH 4R B A AL RN 5. 58 me/ (kg d) R
B 232 WA TH B9 3496, J PR AT RE S pHL {EL5 3R ot
et FH P S AL ) NH 2 3 AT i 2 w2 S AR
IATEA RN . A, E AV E R
AOB X ANESE AR, m AR T g & A A
() FEZIRAAF L AOB M IE AOA™™ | AWF5T K
B, WA D 2 AH TR (AOB) amoA JEH
PE VIR AOA i85 Hh— Bl 2, T ELXH A kit 48 1
TR R 3R90% ~ 94% , R WA A B0 A% T rp 24 S AL
A B TR & AOB, TMTHE AOA,
AWML R R, 2 AL 4 T4 ( Comam-
mox ) F] fig B3 W (IR &L 705 FR AR . Kits 5538 &
FEA R B 15 50 R B, A R A 4 T ( Co-
mammox ) “E K A Z R Y K (HIL N 0. 05 wmol/L, it
RFREAEAEHEN K {6(0.7~4.4 pmol/L) , F
AR I 2R A PR a8 411 IRk, Palomo % &
B A A AN T ( Comammox ) AEAMAD LA B
DU R BB B BE A phoD, AR, R AT
B4 & A AL 4 # ( Comammox ) 17 7E T M5 M
b (ED S AT ) R STRRR AU 3% 547, Wang
SRR AEAL 19 AP v i) 4 A A A Ak 40 T
TP, I 30 A A Ak A T %) - 498 2 S b TR A
VA R £ A JE 3 R 1) BTk /)N, A A Comammox X
W) NH, B =R g 2 A R AR AR il
T2 BERAR A 388 IR IR b (EL7E R B it A 7
AR R B TR R AR I oK, HE
RN Rt 3 23 A i it A 2 A0 T A, 3 B LR /N Y
AL TTIR R . A (19 5% B A H B S A T 1
TURY), LIS BN (HiZ B R O A 20
A AT REIC P s I A A A S =
A TSR AN AR IR L Y I, 5
TR PR A R G F, WA P S0 it A
o A R, W] RE e R E A AL A T ( Co-
mammox ) X 28 5 Ak 1 7 BT ik 48 B AR 11 o 22 5 R 22
ARBFFE I KB, WA 2B T M rh | e
FALZNTE ( Comammox ) Clade A 5 Clade B amoA &
A8 DB LB 3 K F 1.0, Sy ik 12,7, Pjevac
SEAE B R KRR s I 30 4 A e A A 7R 0 5 A
( Comammox CladeA) 19 =F & B 2 & F 432 B ( Co-
mammox Clade B) (23] ,SAREE R 8, EWE
B A R R SR KRS T e R EU AL A TR LAY

% A(Comammox Clade A) A=+, H Comammox Clade
A X it I B AR Bt it A S 2 B0 I 4G 0, 177 Comam-
mox Clade B #1703 ARE" 7 o AR50 v 9 4> 25 A
et FH 3P A P A S AL 40 T ( Comammox ) 4112 LS
% A( Comammox Clade A) &, XF A4k 33 % 1) o1 ik
A HEAL 5 T4 32 B( Comammox Clade B) ,
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