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Characteristics of ammonia-oxidizing bacteria and ammonia-oxidizing archaea

abundance in soil organic layer under the subalpine/alpine forest
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Abstract; Soil ammonia oxidizers play essential roles in nitrogen cycling in many forest ecosystems. Since the compositions
and functions of soil ammonia oxidizer could be suffered from obviously seasonal snow cover and freeze-thaw cycles in high
latitude/altitude region, there might be significant differences of soil ammonia oxidizer in different periods caused by
seasonal freeze-thaw cycles. However, litile attention has been paid to the variations of soil ammonia oxidizer in different
key periods in subalpine/alpine regions. To determine the abundance and distribution of bacterial and archaeal ammonia
oxidizers in subalpine and alpine forest, three representative forests ( primitive Abies faxoniana forest, PF; mixed A.
faxoniana and Betula albosinensis forest, MF, and secondary A. faxoniana forest, SF) were selected in the alipine/

subalpine region of Western China. Soils were sampled in soil organic layer (OL) due to the sensitive responses to seasonal
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climate changes. Richness of ammonia oxidizers ( ammonia-oxidizing bacteria, AOB; and ammonia-oxidizing archaea,
AOA) in soil organic layer were characterized by a real-time quantitative PCR method from targeting on amoA genes, which
putatively encode ammonia monooxygenase subunit A. Based on previous investigations, we focused on nine key stages go
through three periods as soil temperature varied (1) Growing period: including early growing stage, growing stage, and
later growing stage. (2)Freeze period; including early freezing stage, freezing stage, and later frozen stage. (3 ) Thawing
period ; including early thawing stage, thawing stage and later thawing stage. Amounts of bacterial and archaeal amoA gene
were detected in soil organic layer under three subalpine and alpine forests. The abundance of both bacterial and archaeal
amoA showed similar tendency in different key stages, which significantly decreased from growing period to freeze period
and then significantly increased, suggesting the strongly effects of temperature fluctuation such as seasonal freeze-thaw
cycles. The abundance of bacterial and archaeal amoA gene were the lowest at freeze period, whereas the highest abundance
of ammonia-oxidizer was observed at thawing period. Furthermore, the ratio of archaea to bacterial amoA abundance was
significantly affected by negative accumulated temperature in all key periods except for later freeze period. Compared with
bacterial amoA , higher abundance of archaeal amoA was observed at later freeze stage when soil organic layer was deeply
frozen with the highest negative accumulated temperature, although the ratios were varied in different forests at other stages.
Except for the early freeze stage, higher abundance of Archaeal amoA was observed compared with bacterial amoA in high
altitude forests (PF) due to high negative accumulated temperature. In contrast, the abundance of bacterial amoA was
higher than that of archaeal amoA in low altitude forests ( SF) except for later freeze stage. The results indicated AOA might
have better adaptations in cold environment condition in comparison with AOB, which provide direct evidence for

understanding the ecological importance of bacterial and archaeal ammonia-oxidizer in the subalpine and alpine fir forests.

Key Words: subalpine/alpine forest; soil organic layer; ammonia-oxidizing bacteria; ammonia-oxidizing archaea;

accumulated temperature

DALAE W0 R I 1) 2 A8 A T2 Al A0 A T 0300 B 20 3R A 2 A 25 3R 0 800 B v %) vt R TR 2 45
B RS SRR SR IRE SR N,0) MHECAE S L BRE A AN AR g R
LOTERE WM IR ELMASRETHEREBS 5 TAA SR S0, & Tt
A Wi sh e B R AET Y B IR SN DG AR K Z Y IR W B BhASRAE . ITAE R ST IE
RS R AF A S B AR E 2R R — e A B PR H 2 B o W2 R L R R
YRS AR AR AR A ERZISE MR 0 pl LR AR AR T S A e B R Rl R R L L M X A
BERFEN 27 o] GE AR A A W REE AR, RIS AL E B E N R, I,
5% A A A T 1R IR 20 %) 21 ek R R R M ., A B TR ATA TR AZ 251 1 U Rl 2 i A 8 ) e FE b X 1 3

UG I 25 11/ 1L AR TR TR P AR X A A, e K TR 77 K O EE B 2RO 55 5 2+ 43
FEAYME RN SRR AT B 5 AR, 2, i HA — 2 8RR 44 HL)Z (Organic
Layer, OL) , HAEA 5 R G A AR IR A RE 5 4 b A R 2 AOME RO DR 45 0FE 52, W L/ 1
i IX i P8 A A 2 TR A S ) T PR R B AE | S SR T MR TR A R R R0 (B I g G
A 44 N RIS R R AU E PR, R, DL X SR (IR TT A A2 (Abies faxoniana) JEIEAK MRYT
BAZTNZIHE ( Betula albosinensis ) A MRITIRAZIRAEM M IFFEXT 52, K FHIZA 28 it PCR 7 ik [F2B AN TR
KHERH A L2 h B amoA FEH B T2 B4R Ak BRI 3K 2y (1) 251 M R o 38 s S b
IR RZE , DU T i s L/ N AR IR AR AR 22 A
1 #REAZE
1.1 BT X SRR A

B DI T U 1148 B B 9 (102053 —102°57", N31°14'—31°19") , 4k T i g SRR 2% RC T 1
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s, FIEREE IR 5—6 N H . FEAEHEEBUON RIS EN AR, TeARZR T EZORIRTTIEAZ 174
42 (Picea likiangensis var balfouriana ) F1ZLHE, AN #E K F B0 §i 1T ( Fargesia spathacea ) | 1 L £t {5
( Rhododendron delavayi ) . = ¥ %t ( Berberis julianae ) . 21 & {€ Wk ( Sorbus rufopilosa ) . % ¥ ( Hippophae
rhamnoides) . Ji $l 3% 7% ( Rosa weginzowii ) %5 ; WA B A B H ¥ ( Cacalia spp) J2 K ( Cystopteris montana ) | % %L
J& ( Carex spp. ) FIYSHLJE ( Cyperus spp. ) %,

Shy kG A PR 358 R 2R A9 R ), 56T 0 A AR SR 4 R0 TR I X P R R T B A AR — 5
1) 3 MCREBRMABERE  MRTTIRAZJE AR MR T AZ FNZLHE R SRIRASHR IR TT AR A bR 1 R S S A
3 AMFEHL A HLZ AT PE RN 1 R,

x1 TRBERNEEFNTEANEENER

Table 1 Soil organic layer properties in the sampled forests at different altitudes

S b DINEEYES Bl A N
febm ey VSR Lk =R i it s
Forest © Altitud Thickness pH Organic carbon  Nitrogen Phosphorus A . gl
oresl Llype 1tuae spec ope
» Jem Neke)  /(gkg)  /(whke) : :
URYTYR FZ IR AR AR Primitive forest 3582 m 15+2 6.2+0.3  161.4%20.3  9.5+1.9 1.240.2 NE45° 34°
URYT.Y K2 LT MER SR IR A
E,{ ",*ﬁ LHER NI AT 3298 m 12+2 6.6+0.2  174.0+55.8  9.5%2.1 1.5+0. 1 NE42° 31°
Mixed forest
WYL IS A MK Secondary forest 3023 m 1242 6.5+0.3 161.9+31.1 8.1x1.6 0.9+0. 1 NE38° 24°

1.2 FEAREE

£ 2009 48 H 20 H 22010 455 H 22 H W], 72K BB ZRab B BOmBl AL B BERI 43 9 AN iR 11
A3 T REH P BEHLEERL S 4~ 5 mxS m B9 FRE D R AE L HEAHLUZFER (0—15 em) ™ ZACREIE RS
e BR AT WA A AR S A TR AR AT, B Iz [ S2 86 3 37 B3, S5 B R AN ¢
SR U] A BRI R A

AR AEKZE( T 2009-08-20) 4K ZFEE (D 2009-10-20) , A=K ZF=F7H (1T 2010-05-22) ,

TREET B RSEETI IV 2009-11-20) , 445 (V 20

WAL A B b
2009-12-10) , 745 J5 1 (VI 2010-01-22) ; }8 e
AL B LT (VI 2010-03-05 ) , fil i 24 ( VII §

2010-04-05) , Al 519 (IX 2010-04-22) % 3 § § 3 a g
1.3 EHCA PRI RAE 2 o ME{IM‘/WIw;WEB;K )
2009 48 J1 1 HAMBIAEA FEBIN S om Ab BT 25 13 &wﬂmwﬂkﬂ
IR (iButton DS1923-F5, Maxim Com. USA), %2 =5 SL
higat | UCHEE, 3 REBTE 2000 48 1 1 HEWAES & T8 d 9 5 8 5 @
F1 31 R GRS R 0 1 % 0 ¢ s f oos e
BT A 2 b

SR AN [ 56 B ik 300 95k 2 o A s 28, AR 0 SR R T »
12 d (IR R > A T i 1) B TE AR T AR

(#£ 2), IEFE (Positive accumulated temperature,

o & 3 9 8 5 3
PAT) 4 SIS T 0 CHOTE F F P-4 IRAY 8 & 8 2 8 3 ¢

A1, 7 B ( Negative accumulated temperature, NAT ) i N N N
eI 5 0°C K075 1 F P4 2 1 34ARIESL/TE LK EENEREDSE
(2009-8-1—2010-5-31)
1.4 j:i’%‘u‘\ DNA %m Fig.1 Soil temperature dynamic in OL of three alpine/subalpine
H0.5 g T HERER 2RI Griffiths ) bead-beating 32 gorests from Aug. 1 2009 to May. 31 2010PF: Primitive forest; MF:
BT 7E mini-beadbeater (Biospec, USA)JR7#% [ Mixed forest; SF: Secondary forest
DU R I# AR 30 s, H1 50 pL Tris-EDTA 22 thi v figt
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UUVER) DNA MY, IFH 19 ROSUISWEBER AT FRL KA I

F2 3NAR)IESL/ES LR LIEGIEEGIRIBRE/ C

Table 2 Soil temperature characteristic in OL of three typical alpine/subalpine forests

I I I v v VI VI Wil IX

IERUE IRV A2 IR A K Primitive forest  135.61  62.66  32.54  0.74 0 1.79  5.89 42.72 87.16
Positive accumulated IR AZFLTHER SRR SE
ositive accumulated  WGLIRPRLBERINRIM 00 (o 4s 3505 238 0 513 16.14 67.82 101.26
temperature Mixed forest

IRITS R R A=K Secondary forest 148.89  82.55  67.22  30.36 0 7.96 28.59 76.16  114.64
R IRYTAA A2 AR Primitive forest 0 0 0 3.22 21.96 2.57 0.26 0 0

‘ MRCY A IAR S /S

Negative accumulated ﬂl[’é‘(]:(y K RNLTMERSRIRAE K 0 0 0 0.75 11.09 1.13 0 0 0
temperature Mixed forest

IRV A2 E R Secondary forest O 0 0 0 15.84 1.92 0 0 0

I .41 Z Growing stage; I . 4 K ZJ5 1 Later growing stage; Il .4 KZ=R1H Early growing stage; IV : ZRZEFTH Early freezing stage; V : R 45
Freezing stage; VI : %5 530 later frozen stage; VI :@l{LATH Early thawing stage; VIl : filifb 3] Thawing stage ; IX ; @lfbJ5 ] Later thawing stage

1.5 amoA RHFEEME

REALYNER (AOB) R A AL 7 78 (AOA) A 51X 53 514 amoA-1F/amoAr-2R*" I Arch-amoAF/ Arch-
amoAR"" | 285k B NG W B e HL Uk ] Wi 4 Ak S Y A DNA YE RFHL, 7F Bio-Rad CFX 96 thermocycler 17
qPCR "4 [ %A% #:12.5 mL SYBR® Premix Ex Taq"™(TaKaRa) ,0.4 mg/mL BSA (TaKaRa), b Fii#5l
Y145 400 nmol/L. (AOB) /200 nmol/L ( AOA) ,1 pL KM FEAYE DNA VERMBIH, LK B 19 25 8 7 KA E 25
wL; BERE A% 3 B ZMRALRY RN S AR ME 95 °C 305,40 NMEFR 95 °CAEM: 10s, AOB 57 C/AOA
63 CiE 'k 25 5,72 CHEAH 45 s, BRI LE WG BEHE Y GAE . N 45 SR IEAT melting curve analysis (65—95 °C,
0.5 °C per read, 5s hold) , L4 2% F B HEAHEEE A R4 T HL RSN

qPCR P84 7= 2 B R BEEE S B UK PTG , 5 pMDI19-T 254K %3z (Takara) 344 A Escherichia coli DH5a
AZ AL, ] M13-47 F1 RV-M 5| #%] ( Takara ) #47 W% PCR 934 )5 , 8 HCPH P v f O 42 BRUBORE (it qPCR
RS IRRAERN 2R ] o R F e 3 25 Biophotometer ( Eppendorf) K, amo A Fi% 35 PR 3% U1 45038 5oF JooRL At i 2 F
FFEFA) 10 3506 B i A8 (1) £ 603 B Y JFORE DNA VR qPCR SN BRSO VR SMRbr i 28 4
T amoA FEF Y qPCR VAR AT 3 91. 1% ,r* = 0.999 F193.4% ,r* = 0.998,
1.6 HHEAYURESA HEEENE

3PS A (NH, -N, ammonia nitrogen ) FIAS 220 ( NO;-N, nitrate nitrogen) 2t 2 mol/L KCL $#£HU ,
A3 5 DAE B s L0k I R 1L (0 7 Bk AT E
1.7 SEitotr

FH SPSS 19. 0 #AT 8 Z )5 2243 M7 ( One-way ANOVA) | L LSD 4656 7] — ZRAKRE S o AOB AOA - 1E
ANFEEH A 22 53 W&V (P<0.05) , FFXTAE B amoA 328 K H A 5 IE AR O RBR IR B s
RS AT THR T,
2 BR55H
2.1 amoA FERFE

3 DPRMAETE TIEADUZ AR N T amoA FEH 1 F= FEARR I ARRUR AR A (B 2) . WAEKZERTR
4531, PF HI MF T8 (MR T AZ R AR AR SR VTV A2 RN 2T ME TSR TR AC AR AN B Ay TR amo A 356 PR 32 158 247 1 B
. WA K ZERRLE S T AL AR T amoA FPR 32 LB B FRA . 3 S ARARREYS TG HLZ 4018
FIHT T amoA FEFI = FEIITE VRS B BLIR ARG, (FIR VLY A2 JE AR AR SRV T¥4 A2 RN 2T AL R SR TR S8 MRAE R 245 40
A, MRIT R A2 IR AE AR VRS J B iR, 205 3 DS FREETS A HLZ 0B I TR amoA =F FE 34 I 251
I, FEREAL B B (ETS 5 LTS) a5 8| 24P i, (HRL LI (TS) # ETS Fl LTS A W E K (P<0.05) .

3 AFRMEETE A PUZ R amoA 35 LB 7E 2L ARG 1 TR 25 S T 30 5 FRAIG, 76 LFS S5 (36
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D5 1200 ﬂg
20 E 10X10°F %ﬁ g
- =
B2 s0x100f = &
=X & 0 8
5 60X10°F =
% g, 4.0X10° F )
< < 8 < <
TS 20x108F St g
§ § 0 I T
B B 2 B2 £ £ T £ B v B £ g2 g2 £ 2 g 8B
S5 m = m =2 @ Q| = | = @
~ = 3.0X108 a
-2
28 2.5X108
& g 2.0X108 O AOB
'
E@ 8 15x10 B AOA
o
%g 1.0X 108
<< 50x107
5§ 0

g
d
»n
59
=i

EFS =
ES
ETS
TS
LTS
EGS

2 FEZRWEEPHENGEE anoA HEE
Fig.2 Abundance of bacterial and archaeal amoA gene in three forest community ( mean+SD, n=5)
2 R TA] /N R R [ —BEE 19 AOB 50 AOA 7EA [RIWHBI 22 SR 2] P<0. 05 KF; i B AIANE amoA FEH FEELLHI; GS: 4K
7 Growing stage; LGS : ZE K ZFJ5 1] Later growing stage; EGS:ZE K ZEHW] Early growing stage; EFS: VRZE ] Early freezing stage; FS: VR4 B
Freezing stage ; LFS : R 45 J5 1] later frozen stage; ETS : flfb AT ] Early thawing stage ; TS : fillfb 3] Thawing stage; LTS Bl {L 5] Later thawing stage

3) . BRURZSETHIAN  RYTY A2 R Ak 36 M2 2 5 A i B amo A FE (AOA/AOB>1) , BRUKRSS
S A R TT Y AR AE MR HILE 2 B X 5 B 40 T amoA F2E (AOA/AOB<1) ,(HIRIT. S A2 FILLHER SRR
TMIERLI B A KB E A S E amoA £ (AOA/AOB<])

x3 AEAHRMBEZRHEFHE amoA FE LG
Table 3 Ratio of archaeal to bacterial amoA abundance in three forest soil

I I Il v A VI VI I X

IRTLYS A2 IR AR

Primitive forest

URTTIA A2 ML HER AR IR S AR
Mixed forest
AR AV G

Secondary forest

3.03+1.03¢ 1.60+0.73d 0.71+0.23d 7.43+0.01b 33.15+0.56a 3.01+.035¢ 1.04+0.09d 8.04+1.83b  1.610.46d
1.97+0.02¢ 0.37+0.05¢ 1.74£0.43cd 3.20+0.58b 7.59+0.33a 0.67+0.11de 0.94£0.08cde 0.49+0.07e  3.38+1.88b

0.76+0.07b 0.48+0.09¢ 0.79+0.01b 0.51+0.07¢ 2.35+0.03a 0.25+0.04d 0.08+0.0le 0.52+0.05¢  0.08+0.0le

2.2 AOB AOA FEHIHEHFRILHR

FHRPEDHTEE R B (F 4), HH HE amoA FE S LA VLE G BUR 0 B EH S (P<
0.01) FHICRE R 0.777, Wi AR amoA FFE S BURKHIE AR AEAR CF 2R [ JC A
3 iR E4%iR

T A HLZ A W B AR R DGR A A A8 Ak, A7 B IR AT A 35 4 TR Rl 52 e B S 9310 55 1L/
e Ll X AR SRR DL qPCR B AR W & L/ v Ll #RAR 38 D2 & b A W B i ot 45 R &
B, SR AR RIS A HUZE TP AR 245 AOB Al AOA |, {H HE 2 B W A7 4 338 2= ek v i/ P S0, 76
[FOCHE A TE W] B 22 5 o T2 S8 AT WS F A i ( AOA/AOB) 5 AR b IR 3 A8 22 S B VTR &R
TXCSEZE SRR 1)1 VG = L/ e L AR - A L2 5 AH S I AR ), BB e — o B R 2 M R
X P AR AR F LT MG 7R 1B S B AR AR Ak 2 b 2 R S SR A U E B A
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T4 HE.HABE anoA FESEGRR.FHERE 58 REEEMNHEXXR
Table 4 Correlation analyses among the abundance of AOA/AOB, PAT, NAT, Average temperature, NH;-N, NO3-N

AOB AOA AOA/AOB PAT NAT NH;-N NO3-N A 30 2493
AOA 0.463 *
AOA/AOB -0.174 0.275
PAT -0.162 -0.205 -0.290
NAT -0.152 0.072 0.777**  -0.438"
NH;-N -0.005 0.012 -0.008 -0.057 0.154
NO3-N -0.036 0.121 0.034 -0.080 -0. 006 0.220
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