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RAPD to study relatedness of
20 Acidithiobacillus ferrooxidans strains
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(School of Minerals Processing and Bioengineering, Central South University, Changsha 410083, China)

Abstract: To study the genome diversity of 20 Acidithiobacillus ferrooxidans strains in China, and the relationship
between the genome classification and physiological-biochemical characteristic of Acidithiobacillus ferrooxidans, DNA
was amplified by PCR and twenty random primers, amplification products were separated by gel electrophoresis and
photographed under UV light. The RAPD (Randomly Amplified Polymorphic DNA) profiles were compared on the basis
of the presence or absence of each DNA band, and strain diversity was calculated using the Jaccard’s coefficient and
UPGMA (Unweighted Pair-Group Arithmetic Average Clustering) cluster analysis. The primers used in this study
grouped the 20 strains into five major groups. Similarities between the strains ranged from 35.1%(YTW and DXS) to
96.9%(BY-0502 and DXS, DY26 and DY30). These results indicate that the 20 strains have a high degree of genomic
diversity and the RAPD markers related to characteristics, such as metal resistance and geographical locations. The
RAPD procedure is a powerful technique to assess strain variability in Acidithiobacillus ferrooxidans.
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RAPD(Random amplification of polymorphic DNA)
F 1990 4F B WILIAMSEURT WELSH 3 il 1, & —
TR HI GRS |0t 20 B L DR A EA T B 0T o T 2 25
PERIZ> TR . RAPD BRI, HAH %%
PERTAS [ TRAR I 2 FEPE LA S, {H 2 RAPD HORIH
R REZ, PR A RS2 b S B 45 42 LA
ool B2 H ATz B AR I A, i R RRAE L S
1B, FFRIEEAH O 2, RAPD A Pk 4 e
A. ferrooxidans WFEITE 1,

RAPD 75 ¥ 2 73 v 4 25 DR 4 1) — i Bk DR 48 AU e
A, XA TTVERI ] B OSERZ IR BEATL 1
KN DNA § 8857 B, A= ARl 2 R 2 R
FPEC). DNA $840 AR A RAPD &40 %% 5 AT %
S 3 ROy DU R AR 41 R LA BT ) DNA
fRgus s, i HoAT LU T (5] T AS (6] B Rk TR ) X
S TSI LYE, RAPD J5ik T i NS A
41 DNA [AHZRAE B, W LLE A8 BRI 241 DNA #E47

WALTENBURY 4512023 Sl HURE F e K. 2
FIGEE PR 12 Bk A. ferrooxidans WIREREAT T RAPD &[]
LT, 5 RAPD X T 4. ferrooxidans 1345 X 53
JERHIAR Y, e — M RO AE ) 23 i s b 22 FEPE R
3N 4R 908 K . PAULINO 25 SVF| if RAPD 15
rep-PCR(repetitive extragenic palindromic PCR)FfiJE
BREFREUHCAR, WEST T PO PR S0 s i i () 2 A
ZHEE, £3HHEE T PCR MRERIFRSUBOR HUAZ R 73 A 4
AR B A RABRSE, AR R INEE KSR Sk 5 PRI B AL,
FEEAATTAR S .

A SCAE R H RAPD & RIR AU BT B A K HH
R TEPE TP WG AR & o B 20 Ak
A. ferrooxidans VWIFKBEAT T SEH:, JExfas Radtir 14>
BT T VO ] & Hb 43 B3 2 AN [F] I A. ferrooxidans
IRRIEAT T 3R 2 KRR DL AR GRS, SR Sk
R T T LN 20, If 5t RAPD BiARE
A. ferrooxidans TE K BIRSE E T B P REVEREAT T

it

1 LG

1.1 A. ferrooxidans B ¥k

AWFFUE R TSR B HA L. )7, wiE.
RS B3 20 KK A, ferrooxidans AR
D)o Frfy s PRI B 208 F RO A6 B T RS
EpIIT

1.2 HEHRHEREFRURABE FRAMZ 8 NNE

TP GRS v 5 R R Y, 2 e il
PR 121 CraRZV KB 1 30 mL 9K JEAit kG IR AL
s 4~7 do 9K 57301l (NH,),S04 3.0 g/L,
K,HPO,4 0.5 g/L, KC10.1 g/L, MgSO,;7H,0 0.5 g/L,
Ca(NO3), 0.01 g/L. K, I 30 g/L 8ANK
30 min [1) FeSO47H,O %), MHIKIEN 70%H)
H,SO, %% pH %2 2.0 FiFR4A R ALK 30 °C,
BN 175 t/mine 20 FREE S IAEAR 4~5 IR S, itk
EFNEH A

ST TSI T i 20 Kk A. ferrooxidans V& IH 25
F o KM & WK (MTC, Maximum talerated
concentration)Viu [, < JEf& SIS R, WoE A
W IR BB RE AT IR o MR8 15 2 PR 8 A R Ao
JEE , BB NG Y B CuSO,-5H,O ) 9K FEAifi i 77 35k,
Iy IHERR 5 X 10° WL A. ferrooxidans T FP, 12h
ORE, Ao P A R o V200 YT 4 W S ik
JE, A 40 AT 20 e TR R B, 55 7 d
REF TR B 1AL, AR 1 B AL

1.3 DNA EEHI&

20 BREFR RS 150 mL 9731 30 C.
175 r/min ZAF NRATY KB TR 3~5 do 559758 pH AT H]
T0% IR IR HEE 42 2.0 Af IS AT 38 2B s ARk L
Jii, i H Beckman Avanti J-E E5.0>/L7E 10 000 r/min,
4 CHAF R0 15 min WA B B0 5 b 22 F3di,
FBHH 70%MB AL E ) pH 2.0 [JCHEKHE T #f
e, LR EP B0 T, 12 000 r/min #3 E 0 15
min &, BRE BER, FHIGEZKBITINA.

WL S 11 BT 9 FH RAR A AR B (I ) 1) 4 T 3
PRI ZH R BOR ) B6) 20 BE ALf B EEA TR K20 DNA 42
alifh. DNA fRI7EE-20 CHAF T,

1.4 FEHLS 494 1S (RAPD) & ik

RAPD (] PCR i F K] 20 /> 10b K JE ) DNA #
BESIMI(A1-A20, WL 1), MAEIERREAEYAH,

i F DNA master mix(CRHAEEE:, B 0.10
Taq Polymerase/uL . 500 pmol/L dNTPs each. 20
mmol/L Tris-HCI(pH8.3). 100 mmol/L KCI. 3 mmol/L
MgClL) 5 5 IR B PCR 4A &, 25 pL f) PCR A
1A Z 1405 . DNA master mix 12.5 puL, ddH,0 10.5 uL,
BBES M) 1 ul, BERRL 1 uL.

RAPD ) PCR i 4: 94 ‘C F %t 10 min )5,
HEAT 42 ANMIEFR94 CA2PE 1 min, 37 ‘CIE“K 1 min, 72
‘CHEJE 2 min), #J5 72 CFLERE 10 min f5, 7£-20 C
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R 20 FGIPBI(AL-A20 HBEHLS 1)
Table 1 Sequences of random primers(A1-A20)

Primer Sequence (5’ to 3°)
Al CAGGCCCTTC
A2 TGCCGAGCTG
A3 AGTCAGCCAC
A4 AATCAGCCAC
A5 AGGGGTCTTG
A6 GGTCCCTGAC
A7 GAAACGGGTG
A8 GTGACGTAGG
A9 GGGTAACGCC

Al10 GTGATCGCAG
All CAATCGCCGT
Al2 TCGGCGATAG
Al3 CAGCACCCAC
Al4 TCTGTGCTGG
AlS5 TTCCGAACCC
Al6 AGCCAGCGAA
Al7 GACCGCTTGT
Al8 AGGTGACCGT
Al19 CAAACGTCGG
A20 GTTGCGATCC
VKA TORAT o

P 588 1.5%B8 Ta i &E I 1 X TAE 2%
P, I T pg/mL KR Z5E, 12 60V HLE R HK
4h. HIK5EHUE, 1 H Molecular Imager® Gel Doc™
XR System X} LUK EEIBEAT AR 504 o

1.5 BXFTHTREIELE

RAPD & il i % b R4 DNA 445 (1 (1) a0k
(0), #J%E n Xt BHRFEFE, £ LR VTR OTU(operational
taxonomic unit), n fXFLHE WIRLAAEAE, MWD
N1 AR, WREY 0. B AEFEE ] Jaccard 54K
(Jaccard's coefficient) £ M A~ 7] T&7 A [A] ) AH B4
Jaccard REUTFEN S=n11/(n11+n01+n10), 1, nll
PERAEAS OTU 4 HAF AL ) m AE, nO1 AR
— OTU "ATELE, (HI—MEAESH I n H,
n10 fREE A OTU HAEAE, (HY)— PAAEAESAT I
() n A" ] Ntsys 2.1 BT AR NIACEL 3575
(unweighted pair group method with arithmetic mean,
UPGMA) AR TR L&, IFR IS 7 2R AR 5%

2 FHR51R

2.1 Acidithiobacillus ferrooxidans & ¥k 5 5 T 5=

BE

20 Bk A. ferrooxidans TR IHR 251 52 g 77 8 i
Zx il A A e AR BS FAEA IT Ze AT b . ARSI
At 20 BE BB (8 B i 52 B ) SRR T T S8 4 AT
DLRs oA A BRRF PEREA T V28 20 #E 4. ferrooxidans
PRI PR 511 52 R T AR 2 Pl

B B i 52 B 0B T BAR N 2 DY 26,
DY30. DY32. GF. BY-01. BY-0502. GD-A. GD-B.
GD-9. DXS. DY15. DY18. JYC-2. JYC-3, H KA
BT 2 Sl 200~160 mmol/L; i 52 it 1 5L 1
PR % DXS5. YTW, JYC-1. BY-03. DC. GD-0,
e KA 2511 523 5 2k 120~60 mmol/Lo

2.2 RAPD LI4ER

AKX RAPD SER 7, #7345 tH T Al R PRI 2,
R ASREX B 2y BEA TG v 20 AT o 20 DNBEALS 1493 7~
A 194 MANFEHCEE R AT G 4507, P, 20 PR IEAT
A T %, 4yl G4 A3(1.0 kb, 1.5 kb). A6(0.9
kb). A12(2.0 kb). A17(2.0 kb). A19(1.2kb). A20(0.5
kb) 4, BRSSO 14 ARl
(A4, Al13), J“HRDSECN T NRH(A3, AT,
A8), AT KL N 4.5 kb 224 (AT), B KE
402 kb ZiA7(A18). MRS 2 HI%I, 20 KRB (A
AR H RN M 35.1%(YTW 15 DXS), AR Hi
KA 96.9%(BY-0502 5 DXS, DY26 5 DY30).

RAPD J7iZ A 10 BREKSEREIY, itk
PCR " 343 P v (193R K I 204 FH AR AR IR KR, T
IR KL EEAR 7T g 5 B0 R DL AN v B IR 4%
A AR, R E RS, IR R Y 4
PERIR NARR, 7 —@ R BRI DR T SE90 2 s vl £
i

A5 A s H B 20 £ A. ferrooxidans W MIE IR
FHOCTERSTE (LI 1), ATRARE ok 5 41, 3 —200 1w
¥k DX5. DC. DY15. DY18. DY26. DY30. DY32.
GF I BY-01, L R H4E 82.5%(BY-01 15 DC)% 96.9%
(DY26 5 DY30)2 [a]; 55 —4H N B #k BY-03.BY-0502.
DXS. JYC-1. JYC-2. JYC-3. GD-B fll GD-9, #Hfil
AHBAE 80.4%(JYC-3 5 GD-B)E 96.9% (BY-0502 5
DXS)Z 6], T GD-A. YTW. GD-0 & filt)12
H—.
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Table 2 Sources and GenBank accession numbers of 4. ferrooxidans strains

Strain GenBank accession number Origin/source Cu* MTC/(mmol-L ")
DX5 FJ157220 Dexing, Jiangxi 120
DC FJ157221 Dachang, Guangxi 100
DY15 FJ171690 Daye, Hubei 160
DY18 FJ157223 Daye, Hubei 160
DY26 FJ157224 Daye, Hubei 200
DY30 FJ157225 Daye, Hubei 200
DY32 FJ157222 Daye, Hubei 200
GF DQO062115 Dachang, Guangxi 200
YTW EU733647 Dexing, Jiangxi 120
BY-01 FJ164046 Baiyin AMD, Gansu 200
BY-03 FJ164047 Baiyin AMD, Gansu 120
BY-0502 DQ427104 Baiyin AMD, Gansu 200
DXS DQ427103 Xiangshan, Xinjiang 160
JYC-1 FJ164048 Baiyin leaching pool, Gansu 120
JYC-2 FJ164049 Baiyin leaching pool, Gansu 160
JYC-3 FJ164050 Baiyin leaching pool, Gansu 160
GD-0 FJ853654 Shaoguan AMD, Guangdong 60
GD-A FJ195370 Shaoguan AMD, Guangdong 180
GD-B FJ195371 Shaoguan AMD, Guangdong 180
GD-9 FJ194540 Shaoguan AMD, Guangdong 180
DXS ]
DC
DY15
DY18
DY26 Group 1
DY30
DY32
——— GF
BY-01 -
—— BY-03 7]
BY-0502
DXS
JYC-1 Group 2
JYC-2
JYC-3
— 335
GD-9 -
GD-A [ Group 3
[ YTW — Group 4
! GD-0 — Group 5
I | | | 1
0.40 0.54 0.68 0.83 0.97

1 JET RAPD RS0 20 FRERFRIE] IR G R TE B (AR S5 IR DR AE( %) (3 Jaccard AHOGHE R Bovt 55045 H (B 4
UPGMA 7} 54T 73 R AL FE)
Fig. 1 Dendrogram representing relationships between strains of A. ferrooxidans based on RAPD fingerprints (Similarity (%)

between patterns was calculated by using the Jaccard’s coefficient. The data were sorted by using the UPGMA clustering method)
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%3 RAPD 3151 20 ¥k A. ferrooxidans T 1) Jaccard AHALL (%) [

Table 3 Similarity matrix for Jaccard’s coefficient(%) of different A. ferrooxidans obtained from RAPD markers
Strain DX5 DC DY15 DY18 DY26 DY30 DY32 GF YTW BY-01 BY-03 BY-0502 DXS JYC-1 JYC-2 JYC-3 GD-0 GD-A GD-B GD-9
DX5 100
DC 94.8 100
DY15 943933 100
DY18 91.293.3 948 100
DY26 88.1 90.2 93.8 94.8 100
DY30 87.1 89.2 92.8 93.8 96.9 100
DY32 87.6 89.7 90.2 933 933 954 100
GF 86.6 85.6 91.2 90.2 923 954 91.8 100
YTW 412423 39.7 40.7 387 40.7 412 40.2 100
BY-01 84.5825 87.1 87.1 88.1 88.1 88.7 88.7 40.2 100
BY-03 79.9 809 804 804 804 794 789 778 39.7 799 100
BY-0502 80.4 79.4 80.9 82.0 82.0 809 794 80.4 36.1 814 943 100
DXS 784784 809 820 83.0 82.0 794 804 351 814 933 96.9 100
JYC-1 794784 80.9 809 820 809 773 804 352 804 912 969 959 100
JYC-2 768758 784 794 804 794 758 789 356 789 89.7 954 943 954 100
IYC3 727727 763 763 773 763 72.7 758 37.6 747 87.6 89.2 90.2 90.2 90.7 100
GD-0 423443 40.7 41.8 39.7 40.7 412 392 66.0 38.1 428 40.2 402 38.1 38.7 36.6 100
GD-A 649 66.0 644 66.5 655 655 649 639 352 649 644 66.0 68.0 69.1 665 624 423 100
GD-B  82.0 82.0 80.4 83.5 825 81.4 799 809 376 799 845 89.2 89.2 88.1 86.6 804 428 70.6 100
GD-9 799809 804 814 814 804 799 789 36.6 799 86.6 88.1 88.1 88.1 83.5 825 438 68.6 92.8 100
2.3 EMRENESERBSEMBEXME BrOaa, K, i BAREER, #Hc, HE2X%).

W 4 h T4, BFE DY15.DY18.DY26. DY30.
DY32 ¥)43 & AL B HN 1L, X 5 RIS —
Hrp, MBLREALE 90.2%(DY15 5 DY32)E 96.9%
(DY26 5 DY30)2[i]; Ak BY-01. BY-03. BY-0502.
JYC-1.JYC-2. JYC-3 43 & A Hl 4, Hrh Bk BY-01
e A4, HAWEHRIIEEE 4, 6 PREMHIIREL
7t 74.7%(BY-01 55 JYC-3) % 96.8%(BY0502 1 JYC- 1)
Z i) Hkk GD-0. GD-A. GD-B. GD-9 ¥JHkEH)
ARt AMD, b GD-B il GD-9 7E55 —41, ifi
GD-0 fil GD-A #h—4, 4 PRIALLREAE 42.3%
(GD-0 5 GD-A)%E 92.8%(GD-B 5 GD-9) [f]; itk
DC Ml GF WFE A VEKR) , AR AR — 20, AHAL
AEN 85.6%; BHFE DXS R YTW HUR: [ VT 76 1 440
W, b DXS AESE—4, M YTW fEEEDU4L, Pbk R
FHLRECH 41.2%; WIPE DXS HURE F BT R G 25 < 77 L
IKFE, HAEE A

mﬁ4ﬂﬂ,%aﬁ~ﬂ8%ﬁ%,%ﬁﬁ%ﬁ

T 3 PR R A DG FR BT LUK 4 2 ) B IR Hb (%
7, RO, FARMLX ) 6 FEEFEIEE F PIANA
WOFE (BRI YK S50 LA, P ANEURE s i) 2
AR ZE S, A [RTEURE s (0 B PR [ S MR
T o R DX (1 VR TR PR A DL R R AR (41.2%
YTW 5 DX5), XA ge2F A Bk YTW 5 DX5 B8
R EVLVEENMAY, 5 YTW HURE B 80 (1A
BEIGERYED Sk, Wbk Z WL i, A
AT SRR, pH 24 2.5~4.5, HEZHh
F R BT, M DXS HORE AN 1L, DRI, %%
Gk 22 T HE R AN R BEIE o TR D% )3 4 B AR
(GD-0. GD-A)- [FIHURE HyTE A bk 1 AH AL R ERAIK,

AT A6 A BT X S R A AN A ] AL Ath A 358 v gk N
AMD FFBOASE T, MOZ RS AL TR AR 0 SR St 4%
K. UL EER A, kA F—HX K, K25
AL AR E A, XU T BRI B R 5 RS
—EFEFERIA G
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Table 4 Source grouping of 20 A4. ferrooxidans strains

Location Strains Cluster/group Percent similarity/%

Daye DY15,DY18, DY26, DY30, DY32 1 90.2-96.9

Baiyin AMD BY-01, BY-03, BY-0502 1,2 79.9-94.3

Baiyin leaching pool JYC-1,JYC-2,JYC-3 2 90.2-95.4

Shaoguan GD-0, GD-A, GD-B, GD-9 2,3,5 42.3-92.8
Dachang DC, GF 1 85.6
Dexing DX5,YTW 1,4 41.2
Xiangshan DXS 2 N/A

EEEERORI T AR M E Y RAPD R 4
20 R MRGES Y5 (4 AH 5 - GANTER 26211 i) RAPD
FORBIFT 40 Bk BRI B JE BRI R 450 . 45
T AEWFFCREAN BRI, RAPD (19 2845 1 5 th
PR AN % . PATHANIA %5252 RAPD. i H]
2 5149 (universal rice primers, URP). {51341 5
X A9 14 2 &% (inter-simple sequence repeat, ISSR)
Al delta 73 73X 4 Flrik, X 43 PRI RERE BT %552 4
BTy AL BRI A AE 22 5, e AT 2R Pt A
FiASH . M4k, fhit R UPGMA %t 9 4~ RAPD #x
I AT FRRE, 43 DNEERIL o 6 41, 453
WIRER T DB, K 2 BRI AT AR R G PR )
K. XENHET RAPD 40485 5 T bk 1 ke Y5 5 S
R,

BTS2 e R I 14 BRERE D, HBUR o
M 96.9%(BY-0502 5 DXS, DY26 5 DY30), AL
REURARN 62.4%(GD-A 5 JYC-3), il iif 52 fe /)
BRI 6 PRI, ARLREUR &N 94.8%(DX5 5
DC), AL REERAMCHA 35.2%(YTW 5 JYC-1). A&
YA S 0 A 125 1 52 g 75 LA & RAPD 56
3t A. ferrooxidans WA MY 5 RAPD HEPE 2 (R AH 5C
PEo S EE R, 52 Re J1 BRI 14 PRB PR R SR 2
YRR, T 52 68 7B AR B R T 43 B PR 1] PR AH A
YR, X0 REAE T i 52 g 00 BRI AL
HAPUPE LD, TG 52 e 00 B R DA OCHE R, PR,
PO TR RS R R 2 S W B . CHEN 25217 il i 5
4 ¥k A. ferrooxidans PRI T8 & 1IN 52 e ) - foid
WELE. pH &KL K RAPD JENM Y 5, KUK
AF2 5 AR TR R 12 20 5 BL DR Y gy 22 ok, HAR 2
I EIERRLNHC, TR A Z B IR Bl b
HAB T MRS B S BT Y, 28 AR T AL
B ie.

2.4 RAPD £ R5HMER S LKA LLEK

ARG, RAPD WIZURAMTEW T 20 #k
A. ferrooxidans KA B R ZFEME. AKBAR
224 R REAE ] RAPD J5 4t 6 £k A. ferrooxidans LA
K 3 ¥k Acidithiobacillus thiooxidans 347 T 4341, 1533
T RBIAHIANESE R T oAl 7B 507 1%,
RAPD i Jl 455 BRI A 4 9 85 A, DRI AH B3 T
RELP 25747 W AR #40), POWELL 253 it 71 A
RAPD , RFLP (Restriction
polymorphism) . AFLP (Amplified fragment length
polymorphism) A1 SSR (Simple sequence repeat,
microsatellite) 4 A~ [F] 3L R4 AR LU AR B 2
SRGYEPS, RBIET RFLP, AFLP Fl SSR 4
D B By A2 K A S e, Tl RAPD BOART
T BURHIAR S, JFA3HH T RAPD £ERT AR EL
IS MAHRT rep-PCR $A, KRIZOVA
P H T RAPD 5 rep-PCR # A #f 51 T
Bifidobacteriu W J& N T& #K I 5E X AH G 1, rep-PCR
(84%F1 93 %)/ =457 I Z FEEAH L. RAPD(53%)%%
fiX, 1 RAPD {ESR S EGT AT, IR
RN Z L.

fragment  length

3 Zig

1) RAPD # AREH T A XK 20 ¥ 4
ferrooxidans TR AR SRS 34T, Wik 45 0B 15 2
(R 45 Rt 20 BRI S (R R R 2 AR

2) IR RAPD &R LIRSS A LA, %
20 FREEALG P10 T 20 ARIE RIS R AR AT ()R] R
gatt, Haldr B g i e vtk Rar, mr LIV T
RAPD 545

3) ik 7 H RAPD 457 13 21 73 2R 45 R s
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RAPD HI T 20 FRWE RS L BRI AT 1 BT R ST 90 575

20 PRERTARIKI SR SR 20 2855 25 R PR HORE 3t LA K die K

111 52 fiE

3, BATE R A UE, B

RAPD EARIHTE A. ferrooxidans B W 5325 8 AR
RIHETT -
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