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W HA SR F 92 52 F PCR A 3 b 30 BR 1 1
B B 22 250k A R R W T = 1 v 5 U R R 56 1Y
AR ) — S S A TR 1 B 0 A kAR Ak, B = AR
Y e 4 8 HA 42 m R R R R P, 78 2w iF
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L 1.2 JERERR (HA) BE M cHA R AL 27 1 AR AR
e I v B2 B0 BHA - AR ) 7 12 DATCAE 0 68 it )i 1 46
PRI, FLAR I ik WS % SCikY

1.1.3  F2AEAL R b2zl - DNA $2 U7 & Bio
101 FastDNA SPIN kit 4 H Bio 101, Inc. ( CA,
USA) s Bk 32 UL R & W A Qiagen 24 7] s DNA ¥k
BE R I 7 £ Quant-iT dsDNA HS Assay kits g [
Invitrogen /\ 7 ; TagMan Universal PCR Master Mix £l
Power SYBR Green PCR Master Mix ¥4 H 35 [E ABI
23w BRI R N DI Hha T (GCG” C) #il Msp 1(C”
CGG) ¥y B FBI 4 &, dNTP LI & PCR buffer,
Taq.Ex A5 A TaKaYa 227 .

L 1.4 FpREs | Bam st AR BT 51 914 b
WA T.H Sigma & %, Fo s Arch-amoAF 1 Arch109F
B9 535 FH 22 56 (FAM) #5192, Arch-516P 5'3%5 Ff FAM
Fric,3"v H TAMRA fric, BARF L% 1,

x1 SIYBREET
Table 1 The PCR primers and probes for archaeal 16S rRNA and amoA genes

Primer or probe Sequence(5'—3") Target gene Reference
Arch-amoAF STAATGGTCTGGCTTAGACG amoA (AOA) (ol
Arch-amoAR GCGGCCATCCATCTGTATGT amoA (AOA)

Arch-109F ACKGCTCAGTAACACGT Arch 16S rRNA i
Arch-934R GTGCTCCCCCGCCAATTCCT Arch 16S rRNA

Arch-349F GYGCASCAGKCGMG Arch 16S rRNA [12]
Arch-806R GGACTACVSGGGTA Arch 16S rRNA

Arch-516P FAM-TGYCAGCCGCCGCGGTAAHACCVGC-TAMRA Arch 16S rRNA

1.2 fiEFRER

AL A 4 A IR (1) JRE A3 (Urea)
JREZWEE 1.0% ;(2) Urea + cHA ZbBE. JRE 1.0%
+0.1% cHA; (3) Urea + bHA ZhFE. JRZE 1.0% +
0. 1% bHA; (4) X% B ( Control) : A il 4T fuf 41 5 ) Jot
s XTI, BT (2 kg L) A3 A ER,
12 AMERN S LyEsE . cHA 5L bHA 53 5% T
0.01 mol/L ¥ NaOH ¥ ¥, JH HC1 #8735 pH 7.0 fin
AL, AbEGE B T 28C R K. 5B 1,3,
4,5,7,9,12,16,28 ,84 KEFE,
1.3 11 DNA HiRER 5 4k

K H FastDNA SPIN kit £ B 7] & 17 4 1 5
[KIZH DNA 4250 B0 50 — 100 pL 1) DNA KL £2 %,
FE DNA 2lifb 370 & 4 HoD R b AT 4l b & Js M
30 pL Jom H 2 K DNA,
1.4 PCR -1

16S rRNA Hil AOA amoA 3L [H : PCR 4 #f {k & .
5[4 (10 wmol/L) £ 0.5 L, Buffer 2.5 pL, fif

0.3 pL,DNA 4z (1 pg/L)1 wL,dNTP (10 mmol/
L)0.5 pL, HEHEKH E 25 pl, 5 # 16S rRNA §
W4k 95°C 5 min, 95°C 40 s,52°C 30 s,72%C
1 min,40 MEH , &5 72°C ZE/# 7 min, AOA amoA
B3 48 4514 :95°C 5 min, 95°C 30 s,55°C 50 s,
72°C 1 min,35 MG, FJ5 72°C ZEH 7 min,
1.5 PCR =¥ &4l .BY1 % T-RFLP

T B 1k PCR 43 9 4 7 v , J6 16 B 4
Fie LR IR AR R A Y 3 1R RO 50 wL & 973 3
3150 pLiR G ¥4 5 R A g4 T. UNIQ-10 4%
3 PCR 7=y [ i) & ik A7 24k, 5 S 1 i 31150
HICIE ddH,0 H, 4lifbk 5 i PCR =¥ H FEGYI .
# 16S rRNA H (55744 R ] Msp 1T AT REYD, Wl U147
KN €7 CGG;5 AOA amoA H I %571 K H] Hha 1 #7177
VI, WP s GCG Co BYI 241 37°C,3 -4 h, i
YK Z ;10 x Buffer 2 wL, PIEI (10 U/pl) 0.4 plL
(4 U),PCR =¥ 4 pL,dd H,0 #pE 20 uL,

B U1 7= 8 2l e AL AT (3% H genescan 1)
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AE ) AL, 2R s 2 6 AR 0 1Y Fr B RE RIS I 3], T H
BA A G hRIC By i B A I AR F £ $E TREF
f) S — f 2 W 75 >80, H GENEMARKER #k
% TREF 4538, 2853 71 2% (http : //inismor. ucd. ie/
~ talign/ ) JX ff-Align 4 P15 5] — RS bR fELL T 1
TRE JXf B 4 e T AR 45 5%, % B4l 23 ) i 47 CCA
(canonical correspondence analysis) 7347 .

1.6 SCEfZEE PCR

XF T Y 168 tTRNA BE A >R ] TagMan 45 £ 3%
FEm. LI E & PCR {K &: TagMan Master Mix
10 wL, 51 ¥ arch345F F1 arch806R (10 umol/L) 4%
0.8 pL, g (1 weg/L)5 pL, T HE ddH,0 #) &
25 pL, PCR 44 :50°C 2 min,95°C 10 min,#kJ5 40
MEH 95C 25 s, 539°C 6 min,

XT AOA amoA £ [H X SYBR green 5L} iE &t
PCR # 17 5 # . AOA amoA & &K F : 51 ¥ Arch-
amoAF F1 Arch-amoAR (10 wmol/L) £ 0.4 pulL,
Power SYBR Green Master Mix 10 L, %47 (1 pwg/L)
5 wL, I ddH,0 £#h 2 % 20 wL, PCR {4 :50C
2 min,95°C 10 min, & 40 MEHELHE 95°C 15 s,
53%C 30 5,72°C 1 min,

1.7 FRAEHZHE &

KA 51 ¥ Arch345F/ Arch806R Xt iy 1 1) 16S
rRNA P Wr e AT 97 39, SR 5 B 47 39 77 1) % 4 3
TOPO TA [ ki |, %% 1k K i #F w0, 2 35T ks,
Qubit ZZEIT A Quant-iT XUEE DNA 5 &4 I 57 &
PEATE BRI AT A0, B &P 50K Kok #E
SR DU (AR ) o K DNA W 107 &
10° KU EAT 10 5 B BE 7 B S B AR JE 47 PCR 3™
K IR 5 LAFE DL X B B AR, C B DN A AR
fEE . AOA amoA Friff il £k 4 i % : R 514 Arch-
amoAF Hl Arch-amoAR P3¢ - 4 & DNA 5 FH W
amod LT, SR J5 K 1 72 ) % 1 5 pCRA (4.6 bp)
TOPO #R44 b, 5% Ak KM #F B, L 10 4% 86 B 7 R 10
BRIV TRLIE 25 (1 amoA #5 DAL (107 - 107) (9 Xt 44y
B A AR, AARRT R Cy S AR ARAE B, 159 3] — B £
(W), bR T y = —3.46x +39.38 (R® =
0.99),

Avogadro (] i fin £ % % %) :6. 02 x 107
(Avogadro s#) ([DNAlg - L")

(MW, + MW,_)

insert

copy# =

plasmi

1.8 Zito#
N A= 25 48 11 43 7 3 CANOCO ( Microcom-
puter Power, Tthaca, N.Y. ) X}k 4= ¥y ¥ 45 ¥ 3 47

CCA ( canonical correspondence analysis ) Fl pCCA
(partial CCA) 43H7" 70 CCA oK 43 7 B 7% 45 4
R 5 BT R 1Y 6 &, W SigmaStat [y one way
analysis of variance comparison[]b]ﬁﬁ’*ﬁﬂé H B A b
B[] (4 25 5 L EE

2 #X

2.1 HAXMNTESEULHE(AOA)HEMF T
HA XF AOA %0 19 52 M) - (B 2 54 AOA 4ilfitd Y
A — A amoA ¥ 1T AT AOA 1 40 i %k
o HME L ARITER SRR A — R, & A H ) AOA
BRI FTE G RAI A HA 9 A BRI AS &,
MR ZE AL B (Urea) W f e #I A9 1.73( £0.81) x
10°#6 0 /5 T -8 %] 5.22( £0.57) x 10° $# 01/
w T+ (P <0.05), EFRJE5 U JE, Urea 4b 3 1Y
AOA B (1.04( £0.31) x 10°) 545 35247 Wi # 1L,
BOmT 6 fir, HAhAFIE A BAE, H3F 12
J&i , Urea ZbFH it AOA B0 B i FI% % 5. 2( 0. 48)
x10* /T + (P <0.05) ;i 7E Urea + HAs 4
e AOA WA T L Fh (H KRR B G B F k2R

(P=0.08),
1.SE+06 - —— Control
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Fig.1 Effects of urea and humic acid on soil AOA numbers.

2.2 HA 3t AOA BEEMTHHIZ T

fifi F 22 480 A6 o 18 8 H 51 %) Arch-amoA-F Fl
Arch-amoA-R KM 1.4 dr i J7 3k 43 5l 4T amoA B
Y PCR 755 . 9717749 3 wL (B M %) B8 E A
5 wh) BEAT 1. 5% (¥ 35 i W 058 Jie vl Uk R T o A 45
2t R 5 N IR A 1 s 7 AR 2R 1 Sy 9 ke B, LA
5 20 A T B T Sk B X BE AR S 56 b B P HE
FES WL AT LUK I, A AT Ao 5570, R BT A PCR
e R, WA SR DNA (9754, AOA amod
PCR "5 7= 49 B K /N¥ oy 635 bp, 28 1 4li 4L J5 1Y
SOl A RHORUE AT =4 , T L T F — 21
fit U1 2 i
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Fig.3 Environmental variables (A) and species(B) ordination plots of pCCA results for TRFLP Fingerprint digested by Msp [ .

Time was a covariable. A Species.
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Yo oAz &, 3E 4T pCCA 43 #r, &5 R A & 3, pCCA
IBE PR Z 404 B (] 3-A) 1 53 B 45 5 96 B 32 22 11 5%
M PR 22 B TR ZR 2 A, HOROE NOy vk B2 Al pH, HL
NO, (¥ EE A pH fAHSC, X 5 Eik CCA 43 Hr 4 i
— B, 2 W I () X5 1 7 45 0 52 T O AN I 3 (HORS TR 1Y
SERTPA AT DL R R A B 78.3% ., I 3-B Ry
AOA TRF 731 €. 45 & 18 3-A 1 3-B, ] LA & 8
TRF 54.2.555.5 f1559. 1 bp 43 #i 7€ & pH ik NO;
W B X, T TRF38. 1 1 633.9 bp 4345 £ 4% pH &
NO; WM X, Y4k TRF38. 1 Fil 635 bp 75 Jf % kb 5
A T2 o T TRF554. 8 1 633.9 bp £ Urea +
HAs fb #3403z
2.3 HAXNHEHENZ N

DL 10 175 466 JBE 5 86 1) b v 98 A (107 = 107) T &%
[ 16S rRNA $5 D1 E i X %50 A K8 A A, LA AR X R 1)
Co MY AARER 155 — H L, Hh R? 5 0.99, 45
WAy = -3.58 x+ 37.49,

X R M & A — 1 16S rRNA
P DU T A R R A A s . 4 T
DL Y FUN BR K Y A B 7E 8 55 — A e, R0
BT (P<0.05), Urea + HAs 4031 5 X BEUAH L %
ATFBEARAREIREER (P=0.08), 2534
PRFFANAS 1 PR 28 Ak B ep A ol B B0 A 1 75 U R S
NAFE T, 12 G, 4 A2 R A R
(P=0.15), M55 3B PR 2 05 23 51 & w41
S Y BEARR T (] P 45 o PR 3R A0 HAs DU 23 %60 oty T 4 dt

0257 Time 4

Control
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Fig.4 Effects of urea and humic acid on total archaea numbers.
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JHTESE [R] 2 5% ) 5 K A9 R 25 (P = 0..002) , Time2 ( B 5
Fr—JA) 04ty TR v 25 AL g A I R] Y AR L, 25 R
e AW o DRLIGRE B A T PR, — 2R R R —
JE B RE S, FLA AR T 0 B 25 S e R B AL BR
B[] 4, pH 2 52 3R B A 2R

H T CCA 3 v Bt ] 52 ) HC B Vi 45 74 53 A R
HOE, N HE RS T A B R B sk e BT DA
FATHE B[] 4 Sy 38 5 #E 4T pCCA J3 #7, i &l 6-A
R KR oA L B 6-B R FE L 3 AT 1AL B 6-C
TRF 3l . M & 6-A A LLF ), cHA J& 52 Wi fie K
MR 2 (P =0.02), H ik J& bHA F1 2 ¥k B2, i H

3
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Fig.5 Environmental variables ( A) and samples with species ( B) ordination plots of CCA results for T-RFLP fingerprint digested by Hha [ . The

analysis included all variables before pCCA. A Species; @ —Time 1 ;ll—Time 2 ; @ —Time 3 ; A —Time4.
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Fig. 6 Environmental variables (A), sample (B) and species (C) ordination plots of pCCA results for TRFLP fingerprint digested by Hha I . Time
was a covariable. A Species; @ Urea; ll Urea + cHA ; ¢ Urea + bHA; A Control.

cHA Fl bHA W5 ARG, & 6B SR T A FF i 4% 43
T =4H,5 —24 8 Urea + cHA, %% — 40}y Urea &b
5 =44 Urea + bHA H1 Control, [N Itk cHA X H
T V& 4l A8 1Y 52 ) fe ol 13, X B2 Control 5 Urea
H1 Urea + bHA Z [8] 22 5% 3 A I 3%, {H & Urea M
Urea + bHA 2 [i] 2% % I % TRF20.59, 34. 64,
87.55 #1170. 64 bp 7E Urea + bHA FI %} B o 434 )
12,1 TRF28. 52 F129. 6 bp W 7E IR ZH AL B b 73 A )™
72 . TRF54.95,158.94 1 355.73 bp 7£ Urea + cHA
Tz A A .
3 it

55 238 - 38 it o R AT LA R in 42 4R Ak 41 R Y
WCHE FIRS AL 6 2 00 A8 B AT o PR 2% 1 Ak B e £
Kl 7 AOB Fl AOA HCH (9 38 fin, i HL 52 Wi b 1%
P 1 1 Ak $i e A g T T A HA JS, AOA I
AOB it 1 I 3445 21 7 30, 4 L . (1)
HA i o 00 0 % B 06 PE ) R R 5% A6 Y R
B PR T A A P AT AR AR T 7E —
FEBE La] DOl DL O IS4 19 AOA R AOB [ 3%
Jns (2) HA /R — 285 Z8 A HLK 5+ 7T LL& & R
BRI, A 3 b S0 Ve B AE — B 18] P 4 e AE
—NERE R KE, T 15 AOA Fil AOB 5 it fR 47
AERTRRAE o 57—l 00 A 4l AT 7 52 560 ok 2 il
F14) JOR TG 75 1 R B L e AR R UESE . A R HE T
PSR — RS

A PR ZE B0 AOA it WY W 38 i HA (4 Jn
A BB ANE T AOA Rt i3, X 2 A5k 53R A7 5
B & LA AOB $r A8 (b " A L A B R 1)
JMIRZ 5, L h AOB a3 I b AOA il (4b

HE 5 — 8 AOB ik 2 fie =, 1 AOA WU 7E 555 U J& ik
B ) 52) X EEA R — B A {H 5 Urea
+ HAs Kb 322 5] | 25 . AOB FE 35 32 J5 1.4 JH 4R
B, B 5% BEOA ik 3 22 55 B 3 1 Urea + HAs
AbEE A AOA i W A A R S22 R B F, X F
B R Z 0T LUBA S 8% i AOA F1 AOB (% % & , T fim A
bHA 1 cHA J5, AOA %i 193 fin 5 AOB A Lt 15 2|
T R B A, S L R R AOA il AOB
BRI N, T UAE— B R L R AL B S A
TP D E IR RS R E A L W B RE
1k T 5 S AL SR R , BRI T X SR 175 G

PN PR 25 b v AOA K5 i B g 15, i vy 7
B ] G R X SRR R I AR 8 T
AOA 117 e (vl B I S8 A 45 380 1 ], DK B Ak
H AOA Iy T 450 i A 1 R A8 AT DLUE W 3% 4 )
X Sk L5 R 2% AOB 1L 41 B 11452 Wi AH AL, Jim A
JRZE G50 AOB K5t 184 it i1 ) s 241 45 75 41 A7 50 0 ¥
G, 2R W 22 W M ) S AT, A1 0 G D PR TR Ry
AOB il AOA X 5 & 40 B A1ty B8 114 0. 1% A2 47, T LA
AOA 5 AOB ik () 38 in IS RE HE 55 IR 2 % At %
A 0 U0 A DT 2 A 20 T R B S O B R
R, TR 2 R R AR

Leininger %" 4% it £ %% + 4 v 42 & 1k 7 B 0
Btk 2 1 S AU A0 B B0 T E FR AT Y R —HE
il 3 R B AOB B S L%, itk A4 4 3
G S H IS T RIS R DR AT HE I A
[Fi) 1t DX AN ) 2 84 (1 + 4 AOA Al AOB 45 it /7 7F
BRI,

AR R 5 2 B 8RR B 0 B i
HA I ACRT DhRR e oy R A i, HA X oy T 28 a1 5%
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Effect of lignite humic acid on soil ammonia oxidizing

archaea community

Lianhua Dong '*, Baozhen Li ', Hongli Yuan '*, Kate M. Scow’

('State Key Lab for Agro-biotechnology, College of Biological Sciences, China Agricultural University, Beijing 100193,
China)

(*National Institute of Metrology, Beijing 100013, China)

(’Department of Land, Air and Water Resources, University of California, Davis, California 95616-5200 USA)

Abstract: [ Objective ] To illuminate the impact of humic acid (HA) on soil ammonia oxidizing archaea and then reveal
the effect of HA on soil nitrogen cycle. [ Methods] Two humic acids (¢HA and bHA) were added into the soil amended
with urea. Community changes of ammonia oxidizing archaea ( AOA) and total archaea were studied with terminal
restricted fragment length polymorphism (T-RFLP) and real time PCR in the microcosm experiment. [ Results] We found
that the AOA population size increased significantly and AOA community changed greatly in the urea only treatment.
However, HA could inhibit the increase of AOA population, moreover, HA could buffer the change in AOA community
showed by canonical correspondence analysis ( CCA ) result. On the other hand, the total archaeal population decreased
significantly in the urea only treatment, but stabilized in the urea with HA treatments, which indicated HA could eliminate
the toxicity of urea to total archaea. CCA results showed that incubation time was the most important factor for the total
archaeal community, and partial CCA (pCCA, when time as a covariable) result demonstrated that cHA was the most
important environmental variable for total archaeal community. [ Conclusion] These results showed that HA diminished
ammonia loss by inhibiting the increase of AOA competing with plant for ammonia, thus HA can increase the urea
efficiency.

Keywords: humic acid (HA) ; ammonia oxidizing archaea ( AOA) ; canonical correspondence analysis (CCA) ; partial

canonical correspondence analysis (pCCA)
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