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1.2 DNA mix 12.5 pL 0.5 uL (20 umol/mL)
400 mL 9 K 1L puL (- 50 ng) ddH,0O 25 pL
30 °C 170 r/min 3-5d 95°C 5 min 35 (94 °C
4°C 12000 r/min 1 min 55°C I min 72 °C 2 min)
(pH 1.5) 72 °C 8 min 1.5%
2 mL EP
Bergamo *!  Mohapatra ¥ BLAST
DNA DNA —20 °C CLUSTAL
X 1.83
13 neighbor-joining method MEGA v.5.1
PCR p-distances Kimura-2 parameter
DNA marker PCR
( ) bootstrap 1000
1.5 rep-PCR
Thermo Fresco21 PCR Biometra 2 rep-PCR BOXAIR
Tprofessional Vilber ERIC (1) (25 pL) 10xTag PCR
Bio Rad master mix 12.5 pL 3uL (150 ng)
PowerPac Universal SUBCEILGT 1 uL (20 pmol/mL) ddH,0 25 uL
(20x25 cm) Thermo 95 °C 7 min 94 °C
Scientific Nano Drop 2000/2000C 1 min 53 °C (BOXAIR)/52 oC (ERIC) 1 min
14 ITS 65 °C 2 min 35 72 °C
1 ITS (D 16 min 1.5% 0.5xTBE
ITS (25 ub) 10xTaq PCR master 4 V/cm 2h
*1. AFAHRPAATY
Table 1. Oligonucleotide primers used in this study utilized
Genes Primers Nucleotide sequence of primers (5'—3") Annealing temperature/°C References
ITS ITS-F GACTGGGGTGAAGTCGTAAC 55 Ni YQ et al ¥
ITS-R TGGCTGGGTTGCCCCATTCGG
rep BOXAIR CTACGGCAAGGCGACGCTGACG 53 Wilson and Sharp **
rusA ERIC-1R ATGTAAGCTCCTGGGGATTCAC 52 Nieto et al %!
rusB ERIC-2 AAGTAAGTGACTGGGGTGAGCG
rusA-F ACTGGTATGTAACTGTTGGTGCG 55 Amouric et al 7]
rusA-R GTGTATCCGAACTTGCCATCT
rusB-F CACAAGGGTCGGCATGTCG 61 Amouric et al 7!
rusB-R GTATCCGAACCCCCCACTC
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Vilber
2 ERAPA
rep-PCR GelCompar II 5.10
(AppliedMaths sint-Martens-Latem Belgium) 2.1
Pearson DNA
(UPGMA unweighted ITS ITS
pair group method with arithmetic mean) 1.5%
1.6 rus BLAST
rusA/rusB (25ul)  10x7ag PCR
master mix 12.5 pL 0.5 uL (20 pmol/mL) GenBank
lpL( 50ng)  ddH,O 25 uL PCR 20
95 °C 2 min 30 s 94 °C 1 min 3
55°C/61 °C 30s 72°C 1 min 35 (American type culture
72°C 7 min 436 bp/ collection ATCC) ATCC33020 ATCC23270
440 bp 1.5% ATCC19859 2
% 2. 23%HBBEALRINER Acidithiobacillus Bk A K BUAF i
Table 2. Sources of 23 Acidithiobacillus strains isolated from different environment
Strains Description and sources
DXS9-14S Acid mine drainage from Dexing Copper mine, Jiangxi Province ( ), China
DXS6-9S Acid mine drainage from Dexing Copper mine, Jiangxi Province ( ), China
DXW2-9S Sediment from Dexing Copper mine, Jiangxi Province ( ), China
DXW2-10S Sediment from Dexing Copper mine, Jiangxi Province ( ), China
DXW9-28S Sediment from Dexing Copper mine, Jiangxi Province ( ), China
YFS5-1 Acid mine drainage from Yunfu sulfur mine, Guangdong Province ( ), China
YFS2-1S Acid mine drainage from Yunfu sulfur mine, Guangdong Province ( ), China
YFW4-3S Sediment from Yunfu sulfur mine, Guangdong Province ( ), China
YFWI1-3S Sediment from Yunfu sulfur mine, Guangdong Province ( ), China
YPS10-5 Acid mine drainage from Yongping Copper mine, Jiangxi Province ( ), China
YPS9-4 Acid mine drainage from Yongping Copper mine, Jiangxi Province ( ), China
YPW6-4S Sediment from Yongping Copper mine, Jiangxi Province ( ), China
YPW3-6S Sediment from Yongping Copper mine, Jiangxi Province ( ), China
XJFY-9 Soli from Fuyun Copper mine, Xinjiang Uygur Autonomous Region ( ), China
HBDY-21 Soli from Daye Copper mine, Hubei Province ( ), China
HBDY-26 Soli from Daye Copper mine, Hubei Province ( ), China
HBDY-29 Soli from Daye Copper mine, Hubei Province ( ), China
YNTR-9 Hot spring water from Tengchong, Yunnan Province ( ), China
YNTR-23 Hot spring water from Tengchong, Yunnan Province ( ), China
YNTR-35 Hot spring water from Tengchong, Yunnan Province ( ), China
ATCC23270 Type strain from ATCC. Acid bituminous effluent coal mine, USA
ATCC19859 Type strain from ATCC. Acid mine drainage from coal ore, USA
ATCC33020 Type strain from ATCC. Uranium mine, Japan
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0.01
| —

1. ETITS FIMERTTREARAEN
Figure 1. Neighbour-joining tree showing the phylogenetic relationships among Acidithiobacillus strains ITS
sequences and related sequences acquired from GenBank. Numbers at the nodes indicate the bootstrap values (65%)
based on neighbour-joining analyses of 1000 resampled datasets. Bar: 1% sequence divergence.
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4 A. ferridurans 1
A. ferrooxidans JCM7811-P4 2
A. ferrivorans Group III A. ferridurans YFW4-3S  A. ferrooxidans
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Figure 2. The dendrogram based on the UPGMA cluster analysis of the ERIC-PCR fingerprinting data.
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The dendrogram based on the UPGMA cluster analysis of the BOX-PCR fingerprinting data.
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- o bad A A o Aad L _Jd< 436 bp
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<— 440 bp

4. 23 ¥k Acidithiobacillus rusA E=E N rusB EHE 1EER
Figure 4. Banding profiles of rus4 gene and rusB gene of 23 Acidithiobacillus strains. A: rusA4 gene; B: rusB gene.
Lane 1: DXS9-14S, lane 2: DXS6-9S, lane 3: DXW2-9S, lane 4: DXW2-10S, lane 5: DXW09-28S, lane 6: YFW1-3S,
lane 7: YFS2-1S, lane 8: YFS5-1, lane 9: YFW4-38S, lane 10: YPS10-5, lane 11: YPW6-4S, lane 12: YPW3-6S,
lanel3: YPS9-4, lane 14: XJFY-9, lane 15: HBDY-21, lane 16: HBDY-26, lane 17: HBDY-29, lane 18: YNTR-9,
lane 19: YNTR-23, lane 20: YNTR-35, lane 21: ATCC19859, lane 22: ATCC23270, lane 23: ATCC33020, M:DNA

marker, K: negtive control.

x3. BEANEMNRZFRESEMERZSH

Table 3. The phylogenetic groups and genetic groups

of the 23 Acidithiobacillus strains

] Phylogenetic groups Genetic
Strains
ITS ERIC BOX groups

ATCC19859 1 2 1 rusA/rusB
ATCC23270 1 2 1 rusA
DXS6-9S 1 2 1 rusA
DXW2-9S 1 2 1 rusA
YFS2-1S 1 2 1 rusA/rusB
YPS10-5 1 2 1 rusB
YFW1-3S 1 2 2 rusB
DXW9-285 1 2 3 rusA
YPS9-4 1 2 3 rusB
YFS5-1 1 4 1 rusA/rusB
YPW6-4S 2 1 4 rusA
XJFY-9 2 3 4 rusA
DXW2-10S 2 3 4 rusB
YNTR-23 2 3 4 rus4
DXS9-14S 2 3 4 rusA/rusB
YPW3-6S 2 3 4 rusA/rusB
HBDY-29 3 1 2 rusA
YNTR-35 3 1 2 rusA
ATCC33020 3 1 2 rusA
HBDY-26 3 1 2 rusA/rusB
HBDY-21 3 3 2 rusA
YNTR-9 4 1 5 rusA
YFW4-3S 5 4 1 rusA

Group I Groupll  Group III
rep-PCR
3 3 rus
YNTR-9
YFW4-3S rusA rusA rusB
2 2
(11]
rep-PCR
3 it
6
2 9 K
ITS
5
Amouric 7 Hedrich ¥ A. ferrooxidans
A. ferridurans 20 9
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Phylogenetic and genetic heterogeneity of 23 Acidithiobacillus
strains isolated from different geographical locations

Pengwu Lin', Minrui Liu®, Min Zhang®, Aiying Wang', Yongqing Ni*’

"'School of Life Sciences, Shihezi University, Shihezi 832000, Xinjiang Uygur Autonomous Region, China
*School of Food Sciences, Shihezi University, Shihezi 832000, Xinjiang Uygur Autonomous Region, China

Abstract: [Objective] To study the phylogenetic and genetic heterogeneity of 23 Acidithiobacillus strains from
various geographical locations, as well as the relationship between the DNA fingerprinting classification and
geographical origin of Acidithiobacillus. [Methods] Partial 16S-23S rRNA gene intergenic spacer (ITS) was used
to construct corresponding phylogenetic trees based on the sequence homology. rus gene amplification and
rep-PCR assay with two different primers (BOXAIR and ERIC) were performed to analyze genetic heterogeneity of
Acidithiobacillus strains from diverse environment. [Results] Acidithiobacillus revealed a great genetic
heterogeneity. The whole isolates were classified into five groups by ITS sequence analysis. This result was similar
with that obtained by rep-PCR. Acidithiobacillus ferrooxidans strains were always divided into two groups of
phylogenetic and BOXAIR fingerprinting cluster analysis. However, these were clustered one group in the ERIC
dendrogram. Genotypic analysis of the rus gene suggested that different iron oxidation pathways have been evolved
in these closely related bacteria. Taken together, the iron oxidation pathway of Acidithiobacillus and phylogenetic
groups have no obvious correlation. ITS gene has been proven very useful in distinguishing closely related species
or subspecies of Acidithiobacillus, to BOXAIR-PCR, which has been recommended as reliable tool for genetic

heterogeneity analysis of Acidithiobacillus.

Keywords: Acidithiobacillus, 16S-23S rRNA gene intergenic spacer, Repetitive element PCR, rus gene, genetic

heterogeneity
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