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Figure 1. Agarose gel electrophoresis of DNA from samples using three methods. A: CTAB-SDS method;

B Glass bead method; C: Freezing and thawing method. M: DNA marker N-Hind I digest.
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2. ME&EHRIEFT] PCR # B ikEME R
Figure 2. Agarose gel electrophoresis of PCR amplified DNA using
primers S-20 and A-19 M, DNA marker DL2000; Lane 1-8,
Partial 16S rDNA amplicons of samples; CK, Blank control.

2.2 EENXEMNHE
4ifbJ5 19 PCR 724 5 pMDIS-T # /4 ( TaKaRa
N ESE  FEAE E. coli DHS o B2 S A0 ML, W FIBE
e |3 b4 PEEL 480 > TR, FH M13 519
HEATHATE PCR, ¥ 34 s B 7 (14 A7 51, HEBR I BH
PETERE
2.3 RENXEMKIGRIERBEE SHEEEHS N
KM Hae WGV VS PCR 774, 45 5 B (513

bp M2 3 4 5 6 8 10 11121314 15 16 17 18 20 21 2223 24 25 26 27 28

=]

(#3), iEd eI R 3 Fhoriksr mlPkit 69
53 55 AR sERER I 7 DU 4 SR 45 P 91
XF, ZERARBE TS, 43 510H T 35 4~ OTUs 19 4~
OTUs . 14 4> OTUs, H: 16S rDNA JF%I7E GenBank f
S . KC112921-KC112988 , i %X SPADE /3
M2k i ZREEFR R (R 1), 45T, CTAB-SDS
BR8P BRI IR Z, R VR i
o EAARECRN - ARl Rt CTAB-SDS ¥
PR YR 2 mem . RIIRA Bt Irik oy
M1 3 SCERZ R, A Rarefaction curve (E] 4) 1
HI 3 PO IRI SCE I 263 B 38 207 & G230, Ul R
%% (Library size ) L2800 55 1200 5 B 48 R 25000 Fh
2.4 =#7A[E DNA RENAEBTIHNEERG M
KBRS

CTAB-SDS ¥ |3 35 B 125 i e &2 Uk il 12 AR A5 1Y
SEREL I T HEBR AR TR T 50l , 5 GenBank 04 ¢
o ELHNE S X 4 18 T 35 4 OTUs (19 4~ OTUs
14 4~ OTUs FLFERGELEW (K5, K 6,K 7).
MRG R BT LA 1 3 FhOrnE A i r s R m

3. WA REFENF B Hae BB X E

Figure 3. Agarose gel electrophoresis of insert segment of clones digest by Hae lll. M, DNA
marker DL.2000; Lane 2-28 , Number of clones.
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Table 1. Comparison of actinobacterial diversity index of three kinds of DNA extraction methods

Methods No. of Species richness Shanno index Simpson index
OTUs ACE-1 95% Cls Chao & Shen  95% Cls MLE 95% Cls
CTAB-SDS method 35 35.0 (35.0,35.0) 3.351 (3.285,3.417) 0.04252  (0.03771,0.04734)
Glass bead method 19 19.0 (19.0,19.0) 2.602 (2.505,2.700) 0.10589  (0.06827,0. 14352)
Freezing and thawing method 14 14 (19.0,19.0) 2.511 (2.455,2.567) 0.09072  (0.08234,0.09910)

Cls: Confidence interval ; ACE-1; A modified ACE for highly heterogeneous communities; MLE; maximum likelihood estimator; Chao & Shen: based on

Horvitz-Thompson estimator and sample coverage method.
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Figure 4. Rarefaction curve for three kinds of DNA extraction

methods.
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Figure 5. Neighbour-joining tree showing the phylogenetic relationships among acinobacterial 16S rDNA partial sequences obtained from the CTAB-

61

SDS method and their closely related sequences downloaded from GenBank. All of bootstrap values over 50 are shown based on neighbour- joining

analyses of 1000 resamples data sets. Bar, 0. 02 sequence divergence.
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Figure 6. Neighbour-joining tree showing the phylogenetic relationships among acinobacterial 16S rDNA partial
sequences obtained from the glass bead method and their closely related sequences downloaded from GenBank. All of
bootstrap values over 50 are shown based on neighbour- joining analyses of 1000 resamples data sets. Bar,0.02

sequence divergence.

2.4.3 REFMZEMLEHEARRRELES  CHAEFRAOZEBOR &R TR T 5 AU
FEMEHT SO URRIE A 85. 7% 1Y OTUs JFAIS /NT 96% o REFRATHY 14 NI e v B AT ) IR 5



752

Jiao Zhang et al. /Acta Microbiologica Sinica(2013)53(7)

BT, 253 R AE s SE T 51 YI98 55 Demequina
salsinemoris [7] Y8 £ 5 97% , o B ¥ %] YJ-99 5
Actinopolyspora salina 7] Y5 YE % 99% ; YJ-63 | YJ-98
SOREFT A 5 E RN B A U 5 AR UL AR T
95% ,WAT AT RESE— 1 I A ; 0 6T .44 v
SofE)T 51 YI-418 F1 YJ93,YJ-116,Y]-82,Y]-50, YJ-

95 i S RE I B —AN 433, AT RBAR R L1 4T
FRTIV 20 H )7 D B v — G 5 YT-127 , Y408
TR B A 5 TS TR 4R T T A IV 49 R 2T A KT 1 T
WICEE I FEE R B R —A 43 32, X ] REAR
REHMTITT, WE 7,

51

99 [YJ-63(KC1 12976)
YJ-98(KC112980)
Demegquima estuaries(NR043465)
64—|: Demequima salsinemoris(AB471559)

Streptomyces hypolithicus(NR044431)

100

Streptomyces thermogriseus(AF056713)

Streptomyces fungicidicus(JN368424)

YI-225(KC112985)

55

Blastococcus caxobsiders(NR025482)

56

—l

97

99 YJ-112(KC112891)
Propionicidava tarda(AB298731)

Tessaracoccus lubricantiscONR044606)

Nonomuraea soli(JF742631)

r YJ-247(KC112986)

100 L Actinopolyspora salina(DQ883811)

YJ-125(KC112983)

Aciditerrimonas ferrireducens(AB517669)
{ Thermoleophilum album(AJ458463)
Solinubrobacter soli(NR041365)

YJ-418(KC112988)

YJ-93(KC112978)

YI-116(KC112982)
97

YJ-82(KC112977)

_,7 YJ-50(KC112975)
97

YJ-95(KC112979)

96

91

— YJ-127(KC112984)

100 I—YJ-408(KC] 12987)

7. REFMERIER S 5M&BEBEXMMAEREL16S rDNA AEME RERER

Figure 7. Neighbour-joining tree showing the phylogenetic relationships among acinobacterial 16S rDNA partial sequences obtained from repeated

freezing and thawing method and their closely related sequences downloaded from GenBank. All of hootstrap values over 50 are shown based on

neighbour-joining analyses of 1000 resamples data sets. Bar, 0. 02 sequence divergence.
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Table 2. Three methods for cloning in Actinobacteria of the distribution

CTAB-SDS method

Glass bead method Freezing and thawing method

Sub class Sub order Number of Number of Number of
Rate/% Rate/% Rate/%
clones clones clones
Streptomycetaceae 69 19. 44 94 31.02 54 17. 88
Propionibacteriaceae 15 4.22 44 14.52 65 21.52
Microbacteriaceae 23 6. 48 40 13.20 - -
lamiaceae 6 1. 69 10 3.30 - -
Microbacteriaceae 35 9. 86 - - - -
Pseudonocardiaceae 22 6.19 - - - -
Corynebacteriaceae 1. 41 - - - -
Cryptosporangiaceae 1. 41 - - - -
Nocardiaceae 8 2.25 - - - -
Actinobacteridae  Beutenbergiaceae 7 1.97 - - - -
Actinopolysporaceae 19 5.35 - - - -
Kineococcaceae 8 2.25 - - - -
Promicromonospore 1.41 - - - -
Actinomycetaceae - - - - 3 0.99
Nocardioidaceae - - 7 2.31 - -
Demequinaceae - - 32 10. 56 27 8.94
Nocardiopsaceae - - 10 3.30 - -
Intrasporangiaceae - - 16 5.28 - -
Cellulomonadaceae - - 12 3.96 - -
Geodermatophilaceae . . - - 12 3.97
Acidimicrobidae  Acidimicrobiaceae 86 24.23 44 14.52 11 3. 64
Solirubrobacteraceae 21 6.48 4 1.32 45 14.90
Rubrobacteridae ~ Thermoleophilaceae 5 1. 41 34 11.22 52 17.22
Patulibacteraceae 10 2.82 - - - -
2.5 =7 DNA ZEUF7iEX 16S rDNA X EH T %

LR EA

LRE IR Y R RS S BT A TR 5 AR A
PR TR 2 FEME . BB TR & ( Streptomyces ) BRI ity
B W JE ( Aciditerrimonas ) 1 FE W W OB
( Thermoleophilum ) 7£ 3 Fh 75 2 v #4745 2 AH 1 1)
e R, U WX 2 W B FE BR B R TR BR, ) TR
s AR B KO & ( Leifsonia ) | W T W &
( Arthrobacter ) | llumatobacter 1 Iamia T CTAB-
SDS ik 13 B B 2 v 127 mT 3R AR | T AR S A2 R v
HOEARIRAT A OC Uk, B ] CTAB-SDS 34 48 78 1Y
Yy b Z2 e v A I B R S S R Tl v AR A
g R s A, (LI BBk 7 3% 3R 7+ CTAB-SDS 3%
FIR A s AP, BRABESE 3 R 7 3 R A5 1Y
SO P ), 0 B 2R TR ) I 22 R TG BE LA
BREN(H£3),

3 itk

1994 4, Moyer %' 1 UK RFLP AR 1 FH 5]
WEEY ZREE R IS 25 M B 5 b 5, ATz 12
FHIX A IR R[] AR A AR sl R 22 ] DNA B
T 22 S B RE AL 8 7 B ) 2 AR PR RO 5 25
9131 Inceoglu 25 A 5T 6 W . DNA $2EUy 4}
T SEPREE A W) 22 P e I SC R R 45 SR R Y
i) , A58 AR UE 1 3% — WA

AE 3 F AR A O BOR Z — B2 A
i 5 A BB DNA, Nathalie' "' 25 g I 7E 24 2L
Yy an AT, R B RR 2 vPIRHEA T T SRR S PR B A
BT L BRI AMIE 2 DNA  JCHLY A HLY 0 3,
R, AR SCHEHE HUR. DNA B SR FH G 7R 3R A B 411
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% 3. DNA REXF7 %31 16S rDNA X EM & E SEE R0
Table 3. The effect of DNA extraction on 16S rDNA gene library Actinobacterial diversity
CTAB-SDS Glass bead Freezing and
thod thod thawi thod
Sub-class Sub order Family Genus o meo awing M9
Similarity/ % Similarity/ % Similarity/ %
Corynebacteriaceae Corynebacterium + 99 - -
Corynebacterineae Rhodococcus + 99 - -
Nocardiaceae
Gordonia + 99 - -
Streptomycineae Streptomycetaceae Streptomyce + 90 82 87
Klneococcineae Klneococcaceae Kineococcus + 99 - -
Luteococcus + 93 - -
L . Propioniciclava + 99 - 95
o . Propionibacteriaceae
Propionibacterineae Tessaracoccus - - - 81
Friedmanniella + 99 - -
Nocardioidaceae Nocardioides - - 98 -
. . Micrococcineae Promicromonosporaceae Isoptericola + 88 - -
Actinobacteridae . o
Beutenbergiaceae Serinibacter + 94 - -
Georgenia + 89 - -
Microbacteriaceae o
Leifsonia + 99 99 -
Microbacterium + 99 - -
Micrococcaceae Microcella + 98 - -
Micrococcineae Arthrobacter + 88 98 -
. Kocuria - - 99 -
Demequinaceae .
Demequina - - 96 97
Promicromonospore Myceligenerans + 99 . -
Intrasporangiaceae Tetrasphaera - - 93 -
Cellulomonadaceae Cellulomonas - - 97 -
. Cryptosporangiaceae Cryptosporangium + 89 - -
Frankineae
Geodermatophilaceae Blastococcus - - - 89
Pseudonocardineae  Pseudonocardiaceae Allokutzneria + 89 - -
Actinobacteridae Actinomycineae Actinomycetaceae Actinomyces + 82 - -
. Nocardiopsaceae Streptomonospora - - 99 -
Streptosporangineae R
Streptosporangiaceae Nonomuraea 81
Actinopolysporineae  Actinopolysporaceae Actinopolyspora - - - 99
llumatobacter + 97 94 -
Ferrimicrobium + 88 - -
Acidimicrobiaceae Ferrithrix + 89 - -
Acidimicrobidae Acidimicrobineae o
Aciditerrimonas + 90 94 93
Acidimicrobium + 81 91 -
Tamiaceae lamia + 91 93 -
Solirubrobacteraceae Solirubrobacter + 85 - 84
Solirubrobacterales . .
) Patulibacteraceae Patulibacter + 89 - -
Rubrobacteridae .
Rubrobacterineae Rubrobacteraceae Rubrobacter - - 89 -
Thermoleophilales ~ Thermoleophilaceae Thermoleophilum + 87 86 84
+ :Families and genus detected; - : Families and genus undetected.

ABGER A 3 FREEEUE DNA 1977, CTAB-
SDS & JE— R BER AL DNA A8, 3-89
ket 2, nTREEH N CTAB & —FHE T2
157, RS FE B B TR T 5 A TR 2 RWEIE L
UUVE , A FT DNA 195325 ;10 SDS J&—Fh B B+ 2

‘

Jam), BB 5 A 1 A B /K AR 45 4, S B30 M e
2 PO A N ER AR SE O i, (8 2 1 B T
HS DNA Jp88, DR, 33 A 2530 70 247 RS 240
BETIAN AN 58 4= W 04 | AR 4 MR TEOH: P B9 DNA
K, S ER L WOIE e S T A RERCR B  (HAEA
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PR AR AR AT B 25 R, VTR 0 T i — P I R B
TR EAR RO SE A C SR, MR RE RO B 22,
RPN E /b, P RE S Y T Eh IR BT Th R i A
YILE A Y R R 56 T (PHB ) S8 5 1
A ML R S S R B B RE T, 2 DNA ANRE
ORI PRI, N A0 35 37 J7 VA R P SR 3045 P AL
A ZHEVERS U —Fh DNA S B0 R PEM 58
FEM I RUE Y Z e T RE SIS I IR B i T2 E P
RPN R . EBCR LR R A R i
BN TFIRE A Y B S IO 28, R AT R TG Ik b A%
FNFIA YA DNA | S54SR B3 b i i A= Y 2
FEPE

ZiG bR 3 B DNA 42805, Wl m 2 A
T S E R R R WY A IR 3
Fl vk JL 3k 15 68 A4 OTUs, £ 45 25 3% F K 1H )&
(' Nocardioides ) . ol E OB
( Cryptosporangium ), 5 FE 2% W /K K W )&
( Allokutzneria ) . % 0 W J& ( Ferrimicrobium ) .
Patulibacter W) 5o %, X 3% &6 75 [ 12 51 B AR 26 1)
W) A F5 IR W) 2 15 B Rk i A sl ) g
B TP, BIH AT IR, T ER IR
FhZ Rt MAGEC AR (AT R R IRl 2
CIRSE i IR L 7/L LN ) T s €2 - R AT

AHFFEARAR e =2k i VE PE RS AR R
0 EC B 8 ( Kocuria ) 0 [ 5 T B g DU BREE ) S5 d 26
V5 4 + 0 KB G B ( Gordonia) 7 A K AT %%
REE Ak S 15200 149 45 FF BB (Arthrobacters ) (1 K 2t 50
B T — B3 SN vE R 5 RE R PR BE 15 e
T TR B AR, BT A B
FEWR B ( Demequina ) Z: 75 K 4rF 5 4 M T i @
(lamia) ML ER T & ( Rhodococeus ) S5 9% 58 XN T
R T , X S sE TR & Eh 7 P B, B X
SE ] REA ORI TR IR AR, 7 —SE R IR vh
WA o X — GRS E ANTTA U e A= Py i)
A BT RS Bl R — R EE b RO T R
S i b PR IR SR R I 55

B G IR AR T RS A b A R ) H
B AL 5 I B AL W) R I 181 J& (Acidimicrobium ) HYAH
WA, 18 7~ H R B T 4K ( Acidimicrobidae ) HfF
PR R A LR TR 26, T H 7 £ 3185 Hh O
RPFAFIHAERGFR i — UL o B 15 3% TARE A
BT, 3 Ry AL Y SE R SO 52% A B OTUSs

Serinibacte .

P95 4 8% e 3% 1 I A T4 R 2 AR A B /N T
96% , 7T FEREFF SN TR R 1] R G R B Wb T
WA AL, LIS & SR ST — PR A A
MRS ARG, R )R B BN ST
R BB R A e — I N E

T H AR R Y IR RAT AU FR , i %
T H i, — BRI sl o, e i 2k
PR KT, DRI, o R 9 i P 5 il 4 T 9 R )
PRAPFIR I EAT B8 1k 10050 15 37 3R A5 A M) b 2 1
PERT LG S BT B0 1 b i R A 1k o 8 1 SR
B | DU R 4 B 22 T A A O R BRI E DR
AT S AR R B E A HE S
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Evaluation outcome of actinobacteria diversity in saline
environment influenced by different DNA extraction
methods

Jiao Zhang'? | Zhanfeng Xia', Jiangzhou He'”, Hongzhuan Sun', Lili Zhang'*"

"Key Laboratory of Protection and Utilization of Biological Resources in Tarim Basin of Xinjiang Production &Construction
Corps, Tarim University, Alar 843300, China

?College of Life Science, Tarim University, Alar 843300, China

Abstract ;[ Objective ] To evaluate the influence of DNA extraction methods on the actinobacteria diversity analysis in
saline environment via 16S rDNA Restriction Fragment Length Polymorphism. [ Methods] CTAB-SDS method, glass bead
beating method and repeated freezing and thawing method were used to extract total DNA in soil samples from the Yanqi
Salten. The 16S rDNA clone libraries were constructed by using the purified 16S rDNA PCR amplicons to transform the E.
coli DHSa.. The transformants in the library were further analyzed by RFLP. The unique 16S rDNA clones were sequenced
and further used for phylogenetic analysis. [ Results ] Different Operational Taxonomic Units (OTU) were obtained from
DNA extracts and total 35 OTUs were obtained from CTAB-SDS method, 19 OTUs from galss bead beating method and 14
OTUs from repeated freezing and thawing methods. Up to 52% OTUs in the three libraries constructed displayed lower
similarity with the published sequence, perhaps representing novel taxons. The total OTUs belong to Actinobacteridae,
Acidimicrobidae and Rubrobacteridae subclasses. [ Conclusion ] DNA extraction methods influence the actinobacterial
diversity. Each of the DNA extraction method in our study has some drawbacks and biases, so it is better to use combined
DNA extracts from different DNA methods to evaluate the microbial diversity in salty environments.

Keywords; saline environment, DNA extraction, 16S rDNA, clone library, actinobacteria
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