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EFFECTS OF ALUMINUM STRESS ON amoA GENETIC DIVERSITY OF

ARCHAEA IN ACIDIC RED SOILS
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(1.School of Life Sciences, Jinggangshan University, Ji’an, Jiangxi 343009, China;

2. Key Laboratory of Agricultural Environmental Pollution Prevention and Control in Red Soil Hilly Region of Jiangxi Province, Ji’an, Jiangxi 343009, China)

Abstract: In this study, the genes library was constructed by using the PCR-RFLP technology and the community
characteristics of ammonia-oxidizing archaea between the forest soils and the agriculture soils under different
Al-treated concentrations were comparatively analyzed. A total of 628 of amoA genes cloned from 6 soil samples
were analyzed. And 62 unique restricted fragment length polymorphism fingerprints were identified and
sequenced. DNA sequence was analyzed by Blast and RDP classification (similarity 97 to 100%). The results
showed that all of the ammonia-oxidizing archaea group in soil samples belonged to Crenarchaeotes and
distributed in 4 gene clusters (Cluster 1-4). Among them, cluster 1 was dominant in all test samples. The
abundance and diversity of ammonia-oxidizing archaea in agriculture soils were higher than that in forest soils.
However, with the increase of aluminum stress concentration, the abundance and diversity of ammonia-oxidizing
archaea in agriculture soils decreased significantly, but the evenness increased. It indicated that aluminum stress
can change the community structure of soil ammonia-oxidizing archaea, and high aluminum stress can promote
the adaptive change of oxygen ammonia-oxidizing archaea, which may evolve into a dominant population.
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Table 1 The basic physicochemical properties of studied soils

Parameter® FOR soil AGR soil
pH 4.56 6.12

OM /(g'kg™) 17.8 81.2

AN /(mg- kg™) 125.2 1053

AP /(mgkg) 425 57.6

AK /(mgkg™) 48.6 178.6
Fe,0s3 /(mg-kg™") 22.8 11.9
Monomeric Al (mgkg™) 12.4 1.86

EC /(dS'm™) 0.25 5.52

30M: organic matter; AN: available N; AP: available P; AK:
available K; EC: Electrical conductivity.

1.2 LGt

¥ 100 g LIRS E T 250 mL HETE
YT RIS KRS H R RE KRR 60%, ¥ HIEE T
28CHIN LA PRI 1. 1 AEKE
(AICI36H20) A3, IR0 AP EE 53 7oA
0. 100. 200 mgkg' (F+), FHMNERTES,
BT 28CMANTAMGATEE, fRRFw b p) 558K
I3 8B W3 BIARIEN Fo Rkt T ddHL0),
Fioo (M1, 100 mgkg! APY), Fago (FRMR 1, 200 mgkg!
APHYAT Ag (R t, In ddH0), Ajeo (IR 1, 100
mgkg! APY), Ao (fH T, 200 mgkg! APY). BT K
LI 3 ANEE, DR IRIEAES 30 d WHEIR
HEUREEAT 23 AT
1.3 HEtk. BEEESEEH

KW & (Escherichia coli)y DH5a. pMD18-T
Vector. 2 %1 8 R MDNARWGRF &M E 4 T
AYTRE (R BBERAR; PCRIIYIH i
AT A
1.4 DNA i2E

DNA #2H4% Ezup #3011 DNA 255 &
7T, WIS EAE TAY TR (B B
MHERAF
1.5 HZAE amoA EF PCR #i&
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K Z AN R T M T8 41T amoA
5 WA ArdramoAF: 5’-STAATGGTCTGGCTTAGACG -3,
Arch-amoAR’- GCGGCCATCCATCTGTATGT -3’
P31 [ AR O~ 10xbuffer 2% ¢ 5 uL, dANTP
(25 mmol/L) 2 uL, 5% 21F (10 pmol/uL) 1 uL, 3l
) 958R ( 10 pmol/uL) I uL, 4R (FEK 2 DNA)
4 uL, Taq DNA R4 (5U/uL) 0.5 ul, X7%/K 36.5
pl, SMAR 50 pLo § 482644 94°CTAM: Smin:
94°CA M 30s, 53°CHEM: 45, T2°CIEM 45 s, Fe)a
72°C ZEH 10 min.

5 uL PCR 38 7= 41 H 1.0%E IR b e i (2 94k
CEE)HUKAT I . PCR P24 44k : H UNIQ-10 A3
DNA iR & X PCR =ik AT 4ith, 4ifbi=4)
A1 PMDI18-T R 2 A4 #E 4T =5 41 1M J5 3 A\ 2K T
DHS5 /832 A 20 il .
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AL 5 I AN B amod T HEF=) 53 5 pMDI18-T %X,
IABEATERE, 404 pMDI18-T 0.5 uL, #84/K 1.5 uL,
PCR 4lifbr=%) 3 uL, Ligation Mix 5 uL, 16°Ci%E
B 1.5h, BRIG 4CHw. EBE=MEA KT H
DHSo/BSZ 54, Bl LI £ K2 150 A FH 14 1R 7%
HEAT & PCR IESE amoA A 46 N 52 . PCR 5
) N MI3F (5-CGC CAG GGT TTT CCC AGT
CAC GAC-3") and MI3R(5’- GAG CGG ATA ACA
ATT TCA CAC AGG-3"). 5 6 K E A A AL EE (1)
TIEREN amoA IR v [ SCE RN SE K (Fos Froos
Fa00~ Ao~ Auoo F1 Asgo) » HFHREII ST FEAK XA 1 F|
628 Fric .

1.7 HZHE amoA EFEH RFLP( REIMR KR ST
%) o

i IS 514 M13F/R PCR §i e BH 14 5 B 7= 4 o

A Hha 1 A1 Rsa 1 AN PRHIBRIHAL (37 C, 1h) .

BU) DNA J1 BOH 2% BUIRBEBERL (H, BT
HIJK /) 85, 22 SYBR Green I 4+ (0 RIEE I BUAR R 40K
% )5, 13 DNA 7 B E GIS B 7 B 8 44
By N T N T HeEE . DUE DR B 22 25 I3l D At gk
ITRE, FED—Er BA AR g ) v b 75 2 H
55 2 IR GIIE A VI B AT I AL S HK B M
R 3RAS ) 5 DR B AT SR AR FT IS, A EATT = AH
[F )RR o — A BRI R — AN o0 R AR A
(OTU, Operational Taxonomic Unit) BYHx Ay Mk — %t
RIAL00T, @ B AR OUT Hh AR e bk g A= T
W o ¥ 751 E 8o 7 91 25 B 9 2 Br ik & 7 41
J&, 18IE NCBI 7414 # T.H Blast (www.ncb.nlm.
gov/blast/blast.cgi) #1 RDP % & 4 #t 73 25 (RDP
classifier, http://rdp.cme.msu.edu/), i€ /75 I &
FHIE .
1.8 BRI HH

FH S B e BE AT OTU #5502 1 E R
(C)1;

C=[1-(n1/N)]*100% 1)

Horp, A SCFEHA I — R OTU %k, N
RS S e B

J%2 H Mothur 5828 73 87 43 7t SCPE A FlBE 1) 2
FEPE R £ CBERE /D T 8505 T 0.02) 121, 3@ 3T clustal
X 2.0 3land Mega 5.0U4R 5T amoAd FE K 7 51 1
RGEKEM.

2 #HR

2.1 11E DNA HIRENFI & & amoA ERE K ¥ 1
M6 A T IERE R E DNA JEF 35 PCR 4
#875 B amoA rDNAs. $ZHU[¥] DNA Fl PCR ¥ #7~
YIHE 1% (wiv) B3 b s vk F I8 Ik R % R 4841
B, TR BN SRR —80 (D .

Lane 1 indicates 10 kb DNA ladder (Sangon); Lanes 2, 3, 4, 5, 6, 7 indicate soil DNA extracted from Fo, Fi, F2, Ao, A1 and Aa,
respectively; Lanes 8, 9, 10, 11, 12, 13 indicate PCR products amplified from template DNA Fo, F1, F2, Ao, A1, Az, respectively; Line
14 indicates PCR products amplified from control sample (ddH>O); Lane 15 indicates DL2000 DNA ladder (Takara)

K1 IR FDNA(LE) M amoA3E R PCRA=WI(H)

Fig.1 Soil DNA (Left) and PCR amplification of archaeon amoA gene fragments (Right)
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22 HHEH amoA EE ZEXE/MHBEMN
PCR-RFLP 4#7

M 6 4> DNA FF i (1) 5 B SC P BE AL Bk 628
A BEREAT BHEAS I, B T 602 ANBHMECRE, BH
PETEFERIEF] 959% o 5 602 1 amoA FEIR v [ T
PCR %5 5E 72 FH R Y4 N )88 Rsa 1 M1 Hal 1 Bg 7] 5%
AT Z M, 65 MMUEER) OTU #iffiE. M 65

Cluster 4 (5 21.0% (13). Cluster 1 2 %84k & & 7 il

A MRS S e %, HARX 3= EE4E FOR 34y

WL 39.5%, 40.0%A1 44.7%, 1£ AGR 35 filik

38.2%, 42.9%FA138.5%. Cluster 3 &8k, M

PRt T e b A R AR B 2 R R, R
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%2 HE amoA EEMEMERE (%)

Table 2 Relative abundances of archacon amoA gene (%)

A~ OTUs FHREEFLEREL 1| ATl 7T, Frols

archaeon Total Fo Fioo  Faoo Ao Aioo Ao

BREmETIE, Mg T 62 NMHALK amoA KT
5. Blast fl RDP RAK A4 M 46 30T, 624 ™

gene groups
amoA Z:H 751 100% (62) J& T Crenarchaeotes (31 Cluster 1| 387 395 400 447 382 429 385

HETD), ALME A 97-100%, 4345 T 4 AN H: A Cluster2 258 237 100 0 204 437 346
(Cluster1-4) (& 2), HH1, Cluster 1 15 38.7%(24), Cluster 3 145 79 100 125 11.8 0 0

Cluster 2 15 25.8% (16), Cluster 3 15 14.5% (9), Cluster4 210 289 400 458 206 250 269

100 OTU, ., in this study

FJ340140 Uncultured crenarchaeote clone BJ-0-35 amoA gene

EU830457 Uncultured ammonia-oxidizing archacon clone SGX-210 amoA gene
OTU, 4 < pss 10 this study

KY5011é? Uncultured crenarchaeote clone WJC_AOA36 amoA gene

99 OTU, 121521220 i0 this study

Jx488403 Uncultured archaeon clone XCDL_W_AOA_14 amoA gene

» oTU

75

fal Cluster 1

w0 w0
@ 0

54

5, in this study

111143155

— OTU ., in this study

b 100 L— H0BI6078 Uncultured crenarchacote clone AOA-T13 amoA gene
50 KY¥118337 Uncultured crenarchacote clone AOA-DL46 amoA gene
KM460352 Uncultured archaeon clone A746 amoA gene

% O

= msnso i this study

1

KJA498923 Uncultured ammonia-oxidizing archaeon clone M13F amoA gen | Cluster2

EUB35647 Uncultured crenarchaeote clone 3057-A-16
OTU, ;5007

92

waagsy 0 this study

EF207209  Uncultured crenarchaeote clone QY-A33
HQ594474 Uncultured ammonia-oxidizing archaeon clone ArF4 amoA gene

98 E
92
o OTU, 761,55 10 this study
a9 OTU,; 44,5 I this study
0 FJ517343 Uncultured crenarchaeote clone AOA-R1 amoA gene
27 I:
56

Cluster 3

OTU, . m this study

= OTU ;49,45 10 this study

oTU,,,

OTU 5, n this study

in this study

73 !

Cluster 4

60
OTU,, in this study

K¥390255 Uncultured archaeon clone KG-123 amoA gene

K2 fifamo ATl RERE K] Fr 41 Koy 2 ) AU o T O R 8 R T
Fig.2  Phylogenetic trees of ammonia-oxidizing archaea targeted on amoA gene
2.3 BETEREENEENHEMESEY IREEN AR TP R A BRI B R, WSR3 T
I 0 DA H 2 SR A o T 1 22 B ) A2 A e B S
BT R 38 1 6 AN 33 [R] SCJE JE 25 (C) M 64.8% 2| Shannon 1 Simpson 8 EUE K, FIKEMIEES
81.1% (K 3), WHEEAERK, BHEfElim, X BFREEIEENSEZ N, e —eRiE bk
TR, XRYICERE A SR AR SIS, T H A RE A H s T
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PRI L. Ao I il 2 A 0 T R R 2 R I
e, SSIERAR, AR 2 RSO LT Ao
®3 HE amo HEEREEMN SR

Table 3  Archaeon diversity index in amoA gene clone
libraries from tested soils

Soil OTU richness  Total Coverage  Chaol ACE richness Simpson Shannon
samples  number clones (%) index index index index

Fo 34 112 70.0 120.9 178.8 0.005 343
Fioo 30 98 69.4 83.5 145.6 0.012 324
Faoo 20 95 78.9 70.6 99.5 0.014 3.13
Aoy 38 108 64.8 125.8 163.9 0.009 3.66
Aioo 28 99 71.7 146.6 140.8 0.010 3.24
Azoo 17 90 81.1 99.5 126.4 0.012 3.05
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