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TGRSR RIT a. AR FARE b WAL RARRT T EEEZR T, c. BREHRIERE
ImE I 101149)

HBE. BB A T SYBR Green | 3850442 55 % & 5B M H (Mycobacterium avium ,MA) #J 5% % PCR Y5 fig wh &k, A6 R %
FMARERE ARG STF AR FEMNT X, FE A MA GHFRBEAFF] IS1311 Ao feirikit il 4, /£ 60 CH
BKBRET,ESEE MA 49 SYBR Green | B PCRIGM M &7 ik 5t MA F 21 o H AR EMRFLEFEH IREF
5 b E LB B BEAT AR SR k494 b A IR A hsp65 . 16S tDNA £-38 PCR #7355 547 A “ 47 57 200
HOBAFEE RS B IFEEL T EET MA AN, 258  SYBR Green | %258 PCR M5 M iy & 7 i 42 30 NAZR M sk o&
AU 21 S HATEAREMRA S A B E T A0 MA R TR A 5.6x107 ng/pl, 200 45 HAFE 16 K5 BT, vA PCR #
Fw 16 #k MA = 184 4k H M 5B AFH , v SYBR Green 1 3858 PCR Y& wh &7 ik 52 i 15 % MA #= 185 #k3F MA; A At
KA T T EAN T ks MA W52 5 2 F Rgit F &L (P>0.05) ; B F 4% 4 99.5% (199/200) , — 5 H42 % ( Kappa
18>0.75,P<0.01) ; 3 5 R 094 B A 93.8% (15/16) , 4F 514 100.0% (184/184) , FAHEFRMIAA 4 100.0% (15/15) , A TR
MAE A 99.5%(184/185) , £5i& vA MA B F M EH A7) 181311 A A a5 4 SYBR Green [ %% PCRIEM M & F ik LA
B0 AR A S ) MA 69 e SRR I 3R AR AT 6 ik 4R

KR . B 5 HAFH ;SYBR Green | 3 5% PCR 1 fif o 2% ;0 5

i E 5K S R446.5 XHFRERG A

Establishment and preliminary application of SYBR Green I fluorescence PCR melting curve method for identification of
Mycobacterium avium

WANG Saisai*, PAN Liping" , JIANG Guanglu®, LI Zihui", JIA Hongyan', SUN Qi' , ZHANG Zongde' , LIU Yang"(a. Department of
Epidemiology, b. Beijing Key Laboratory for Drug-resistant Tuberculosis Research, c. National Clinical Laboratory on Tuberculosis, Bei-
jJing Chest Hospital, Capital Medical University, Beijing Tuberculosis and Thoracic Tumor Institute, Betjing 101149, China)

Abstract: Objective To establish a PCR melting curve method for the identification of Mycobacterium avium (MA) based on SYBR
Green [ fluorescent dye, and then provide a simple, accurate molecular biological method for the clinical identification of MA. Meth-
ods The primers were designed based on the specific insertion sequence 1S1311 of MA as the detection target. At the annealing tem-
perature of 60 C, a SYBR Green I fluorescence PCR melting curve method was established for the identification of MA. The specific-
ity and the detection limit of the established method were evaluated by detecting 21 reference strains of mycobacterium including MA
and 5 common pathogens including Staphylococcus aureus. Using the sequencing of PCR products of hsp65 and 16S rDNA as the “gold
standard” , 200 clinical isolates of mycobacterium were identified, and then the accuracy of the established method for the identification
of MA was evaluated. Results The established SYBR Green I fluorescence PCR melting curve method were able to accurately identi-
fy MA in 21 reference strains of mycobacterium and 5 pathogenic bacteria within 30 cycles, and the detection limit was 5.6x 107
ng/ L. Among 200 clinical isolates of mycobacterium, 16 strains of MA and 184 strains of other mycobacteria were identified by PCR
sequencing, while 15 strains of MA and 185 strains of non-MA were identified by the established SYBR Green I fluorescence PCR
melting curve method. There was no significant difference in the identification rate of MA between PCR sequencing and the established
method in this study (P>0.05), and there were high coincidence rate (99.5%, 199/200) and high consistency ( Kappa value>0.75,
P<0.01) between them. The sensitivity, specificity, positive predictive value and negative predictive value of the established method
were 93.8% (15/16), 100.0% (184/184), 100.0% (15/15) and 99.5% (184/185), respectively. Conclusion The established
SYBR Green I fluorescence PCR melting curve method based on the specific repeat sequence IS1311 of MA has high sensitivity and
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specificity, which provides a new way for the clinical detection of MA.

Key words: Mycobacterium avium; SYBR Green I fluorescence PCR melting curve; sequencing

I AT A AR B Y AR 45 A% 43 BOFF TR (non-
tuberculous mycobacteria, NTM ) F AR AE K
L B R O B TR RN AR 4R O v 4 B A
B S - AR I R A BE ( Mycobacterium avi-
um-intracellulare complex , MAC ) J& F& [ Ilfa PR b5 A<
Sr BRI NTM 2, ) S50 BRI ( Mycobac-
terium avium ,MA) 5 33595 B4 A 91 MAC BEYL
98%"* A NTM S 95% LA 11 fEBE 2= 5
Sz HA

HT MAC JEZe 5 [ 1 & 73 BT B, - RE A
W, 22 &R J B X Ot R i CT K fx A4
PRI BB TAEYFHARMN KR, PCR # AR
AW N 52 35 R ) SN SO SE B PCR (real-
time quantitative PCR, qPCR) 3% 20 b A MA 7E
FERIZWoK-F s fe it 1 B SRR 88 5
PCR M, 3T SYBR Green | 766Uk qPCR 44
fiff 1t £ 2 WT A4 GRS N B ] | IR A2 ST e i R
artel H I, AR5 2T SYBR Green | 275G 44 8l
HESLUEE MA 1 qPCR 73k, JF LA PCR-DNA EAE
FPRAR I G ARUE" , VAL HXT I PR 73 25 AR 1 58 1 5K
R, R4 I I PRIV B8 it

1 wetSIrik

11 EARFZEEORIE 21 b2 B AT B b o B k2
55 KT H (ATCC 25291) MM FAT B (ATCC
13950) | JHefih 73 B A 18 ( ATCC 19977 ) | fo 53 ASCFT 1A
(ATCC 14472) =R FF B (ATCC 12478) . %
BB (ATCC 14470) i & 73 BT B ( ATCC
6481) KL BCFFIE (ATCC 11758) 4 (47 B FF 8l
(ATCC 23366) JEP; ki kT ( ATCC 19981) i
3BT B (ATCC 43909 ) | Hil 3 73 B2 AT @ ( ATCC
19420) L5 AT ( ATCC 27294) | By /R BE 43 AL
FFEE (ATCC 29571) JEME /3 BFF# ( ATCC 25275) |
TN B FT B (ATCC 35799) % 43 BT #i ( ATCC
33776) L K AT B ( ATCC 15755) I3 % A A AT
H(ATCC 14474) 3[R AT B (ATCC 19340) it
IR BFF I (ATCC 27962) . 5 Fi e UL U 18 £ 5
G (A A BRI (ATCC 29213) KR A 8 (ATCC
25922) LT (ATCC 27853 ) |k B (R T4
(CMCC 28001) J& 4= #i#ER B ( ATCCBAA750) , 21
T3 ASORT R TR T PR L 7 B GO TR 410k A B R =R
FEEBE b s R s B B S5 A% I R 3L 00 = 4

BT ERIE R A T | ) M B T A
A BRTA IR A AR R B T b Mk B e 6 56
Bl 200 BRI AR TR I PR 23 85 bR e B A 2019 4F 1
F 210 JEAREE R 7 Bl b o i ) B2 B %€ 181 o3
AT TR G B WIRARAS A HEAS 28 40 o/ L U5
ML PR | Rt TR PE D IG5, 40 B pkd ik il
5E 16S tDNA [rpoB  hsp65 Fll ITS-1 H1 2 A7 51 #E 1 7
FAEE IR A Middlebrook 7H9 ¥557 £ (& 10%
) A7 T =70 CRAGRKA,

1.2 FZH KAUAS  SuperReal %65 2 il it
F3E R [ (SYBR Green) .2xTaq PCR Master Mix  4f
BAEAIZH DNA 2 B0l & (RO A AL (bt KR
HAERL 2 7)) 3 PCR X, Universal Hood 11 #E B A%
BAL (L[ Bio-Rad 23 7]) , ABI 3730XL & [K il Jy*
% . QuantStudio 7 Flex SZ} 5 7 PCR 1 (3 E ABI
w22 A5G EE I (36 ThermoFisher
Scientific A H]) o

1.3 SRk

1.3.1  GERRALFE R DNA $2HC 21 Fh o BOFr b i
AR AT 200 BRI PR 23 B MR AEFR T i 2 1R
Fr gL 5 Ml DL B0 B R T RS HIE i 350 Y
MR s IR 2 0 B0 R I, ) I — 42 2R Al T 3
500 L K 87K o, 206 15 min, F 240 R 2
20 DNA $2 U £ 42 5L DNA, 4336 )5 -20 C P77
#wH.

1.3.2 5t WIS CIR[ 7-8 ] Ko Bk i
HAYE DNA 40 H 3 R S8 (hitp://172.16.0.32
8081/NLC/ pages/frame/home.jsp#) B ¥ MA B %55
FF51 11311 AT NTM (438 JH 5147551 5 H] BLAST (ht-
tp ://blast.ncbi.nlm.nih. gov/Blast. cgi ) £ I ¥ 51| 5 5
P, H Oligo 7.0 AT SFAGSIY), AT 51 h |
A T ARG, Wk,

R DOROT RS M NTM i H 51975

I T
IENH SIHFA(5'—3") WE K
() (bp)
1S1311-3 F.:GCATCTCCAAAAGCGAGGT 58.8 109
R:CGAGGAACACATACGGGAAG 59.8
hsp65 (8] F.ACCAACGATGGTGTGTCCAT 59.60 441
R:CTTGTCGAACCGCATACCCT 60.11
16S tDNA  F:AGAGTTTGATCCTGGCTCAG 56.92 922

R:CCCCGTCAATTCATTTGAGTIT — 57.48
G FL RGP R, A 519,
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1.3.3 SYBR Green [ %)% PCR M fiff i 21 (1) &7
MNVARZ 20 WL, 045 2xSuperReal T R i 771 4%
SRR 10 pL .10 wmol/L IS1311-3 P | FHE5 19
£ 0.6 wL FEA DNA 2 wWL( 484 0.56 ng/pl) .
50xRox Reference Dye 0.4 plL.ddH,0 6.4 pL;[H:
XTRECH ddH, O AR DNA , A S AR XF
21 BT bR ME R FI 5 Bl WEUR 14 A9 DNA 43
SRR 5 IR EHR 5 5 % 3% TR &) A IR 0 AL
BLOBRD B A QuantStudio 7 Flex SEHT E 1
PCR A4 3G, 9738 254495 CHAEE 5 min;
95 €10 5,60 °C (CAEMREE 5K 59.5 C 59.8 °C |
60 °C .61 °C .62 °C .63 CHIFRE PCR HIRIIE A e fd:
AR ) 32 sCREETONMES) , 1 40 MER , i
JEIE RN LL 1.6 °C/s BT SR 95 C15 5,60 °C
1 min 95 C CREZHAEES)15 s WREF, MATA
TR AR (57 18 T 2 R s ik it 2 E AT 40 BT, DAREAR
FE 30 N 1E PR A T 1S i 42 AR R N 0 A IR R
(melting temperature, Tm) H} BFH NV 0 J65 e 16 b £z
HARIE, FIE R MA, A BHEY 1S 7= 3% 2 T8
HEATBENR MRS HL UK OF VI B 1 2537, - H SanPrep
H2C DNA 2 NG G 2lifb , 1 sl b s DA 28 3%
B AL N R FH SanPrep #% 1R 4liAb A4 (Jikn
PRI B SR AT FORL B, FH R PCR 37 343457
EHEATY RS E SRR IS FELUK BRI R DA AR
HE4T BDT [ 5 B T YG96 ¥4 PCR AL b k474"
B P HG W REORS 2l AR5 A = 2 B R R
TRA), BmsE 2 ABI 3730XL 2 PN L2E4T Sanger
TEREI T, 45 9 5 GenBank 5K U16276.1 M55
FTEEXT .
1.3.4 38 PCR BRI FHATHAN A E  XF 21 F
AT FRIE BRI hep65 PR 5 i WLEBUR 1Y
16S tDNA FE A F1 200 Bl K 53 BRI hsp65 F1 16S
rDNA LK FEA7 338 PCR §7 3 5, 5@ PCR &
R Z 50 wL, f33E 2xTaq PCR Master Mix 25 pL .
10 wmol/L I [ FEG #1485 1 wL FEA DNA 2 pL( 4
WP N 0.23 ng/pl)  ddH,0 21 pL; B X} BE
ddH, O BBt DNA , HAR A5 PF I AEIR] . B BE DNA
A3 SR S T FH R e 31 35 i IR 35 TR 57, A1l e 3
OHLES O BORD T3 B 5 & Bio-Rad PCR X EATH"

A P95 C A 5 min;95 °C 30 .60 °C
30 5,72 °C 45 5,35 MEA;72 °C 5 min, 21 FpAL
FEEPRUER S 5 B WO # B9 DNA & B 10 L
P YHEAT 20 o/ L SRR BHEE R FRLIK , [R]B i A
FRRRY 8 =26 A TN w) A T B IR R s r Uk J5 D)
T HA A, 3 H SanPrep 34 DNA Ji2 [F R 7] &
alife, ¥ alifb (T FEACHEAT BDT 5 & T YG96
FREE PCR AR A T4 184, 4 34 7= Wy S RS 2l A6 /5 fn
AR BE R BT BRI A , B J5 % & ABI 3730XL %
PN ASGHEAT Sanger XU Y | 1E B2 a0 ) e B ok
FH DNAMAN 8 %cf4-9#4% , 25 5 F BLAST 5 GenBank
BAEIE (http . //www. ncbi. nlm. nih. gov ) H A0 B B Fh
hsp65 F116S rDNA 54 #E47 [Rl IR 5347

1.3.5 W)WM F SYBR Green [ 7%( PCR 44 fi#
2k %F 200 ARG PR R bR (B FEATAT 3 ) i
AR, J SR 45

1.4 Git#00r  JH SPSS 24.0 Bkt %Ess
RRRRNE 43 R R, B2 K IE B9 X2 K58 0 Bt
SYBR Green | %¢) PCR ¥ i i 261 25 5 H MA 1)
T35 LA hsp65 165 rDNA He DK 14 5 J5 % 5
HMA B E RS UL P<0.05 HESA ST
B, B P Es SRR S bR, B ST B TR %
FE MA BBUE R S | PR T0 A | B ol i
&R, —2WEH Kappa K55, Kappa<0.4, 1A N
—H T 75 50.4 < Kappa <0.75 , A — B bk — i)
Kappa=0.75 , TN R — BT

2 gk

2.1 SYBR Green | %%t PCR % f# it 4 i5 g ar
2.1.1 SYBR Green | Z¢J6 PCR % i 22 1k 19 e 5
P BALE MA FRUERRTE 30 MEF N A
a2k, 5H A 20 Fh o BT AR HERE 5 FheE L3
S R B TCY S 2 e 100% . DL 1

2.1.2  MA ARAER AR IS1311-3 P8 =il )y 4%
MA FRUEFEFE 1S1311-3 §" =P P45 R 5 Gen-
Bank %4k 72 Fh (1) U16276.1 #E47 HEx), Ho—8bE
100% , WLl 2, UEEAASHI G s it i e Sk 5 1 9 A
MA WA AT 14 1 1S1311 551, M B R0 R4
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0.2 : / Y o
0.110,04 s o
00 - - - - - - - - - - - - ﬂ% —
2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 65.0 70.0 75.0 80.0 85.0 87.5 90.0 95.0
AR TRE(C)

ALY RN B IR IR ZR 0T 5 1, MA 2, oAl 20 Fh4r BEAT TRARMERR AN 5 Bl UL SO B B S IR 328, 3~ 15 MBI IS GME 55
R, DGR 45 3 A1 & S 965 ROX & ST EEAE AT LA ; ARn, Rn FNBRIEL (5 RUOEES) 5 HRAGMFRHELL 199 EAH ; Derivative Reporter

(-Rn") , SRR E AR (LR, JIX Rn TR &
1

10 40 50

ECATCTCCA AGCGAGGTCTCCCGGATT

I Hl

'TGCGCCGAT

—_—— __.---_-..-II-IIIIIIIIIIIIII-IIIIIII- (L1 ]]
CTGGACACCGAGGTAGGCGCCTTTCGGGA CCGGCCI

SYBR Green I %)t PCR #5fift i 2k 1% 455 MA RS PER9 39 i 2 S MA A6 ik i £&

70 80 90 100
SEEEEENENEENEEEEENEEEENEREREREEEE]
TCTATCCGAGCAGCACTTCCCGTATGTGTTCC

\

2 MA FEEBRE 1S1311-3 DNA § 30 2= W) it I 5 235

2.1.3 SYBR Green | %5t PCR J# i Hh 43k i A il
B R R 22 A0 40 6 BE I i MA bR v 7 i
DNA ¥4 5.6 ng/ L, % DNA ¥ ddH,0 LA
TELE 10 55 AR (107 1072 107 48) | S Y
DI TN, LATE 30 NG IR N 8 il £k e X

A
1.6
1.5 _
1.4
1.3
1:2:
1.14
1.0
0.91
i“ 0.8
0.7
0.6/
0.5
0.4/ 1 2 3 4//5
03
071004 2
0.0 - ——— —
2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40
EIl {128

WAL PR B I T 1~ 5, IR EE /)8 5.6.5.6x107" 5.6%1072.5.6x107% 5.6 x107*
107° .5.6x107° |5.6x1077 5.6x107% 5.6x107° 5.6x 107 ng/pL FBAM:XT IR HeLk 3~ 15 MERITIEES

o7 e fire Ul BEE L B AE IO P A i 06 SR A B 9 B
SYBR Green 1 %% PCR J&ff 4324 H MA %1
AR BN 5.6 107 ng/pl, 30 MEH Z 5 B A
gz Bt g, WK 3,

(=3 e =
2 x o W
g

Detivative Reporter(-Rn’)
S
(98]

0.2
0.1 _—
e — 5
0.0 ———— — E—— |
65.0 70.0 75.0 80.0 85.0 90.0 95.0
WRE(C)

ng/pL; 6, B U 5353 5.6%
s R, S0 S A R ST RYZELE S

ROX K SFIITOEIE M FUE ; ARn, Rn FUBREELL (CF RVOLIE S ) J5 IRAHAIBR AL Y E G (E ; Derivative Reporter(-Rn') , ¢t i il B2 28 AL A L 36,

RI%S Rn 475K %,

3 SYBR Green I % PCR M I 275 %5 5E MA ARG R 4477 1 oy 2 R0 i th £

2.2 %38 PCR P H4s R

221 FRUERERRITZER @G hspoS5 §HE 21
FIARIE AR Y DNA , $479545 441 bp 7291 (Kl 4) ;8
FH514 16S tDNA ¥4 5 Flvi UL E0R B A9 DNA, ¥
A5 922 bp I (I8 5) o 21 FhFRUERIBE )2 5 Bl

AHY A DNA X, H—

AF281650.1 FbXF, — &Ik

WEURE P B =Y 75, 5 GenBank (¥
ﬁz@i’sf 99% L) b, H
R 5 GenBank %t 4 FE b 1Y

A 100% .,

W, MA Y 2
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{E: M, DNA marker; 1~22, 35 Gl [G J5ffk 1o b SR Re Hbdn B0 i IG | < (0 55 BlHE R L BB BRI R f OB 1 A5

PSR B 38 4y S BT 1

4 BHGIY hsp65 PCR ¥ BAHRAET VR 1 L Tk

bp_M | ) 3 4 5 6 bp

922

4 :M,DNA marker;1~6, 4 B (R 45 BR 1A | KM A 181 il A1
PRTA T HOER T B AR AR R B B R

B 5 WML 16S rDNA PCR 374 5 Fhi W 20w i ™
YTk

2.2.2 200 BRIG IR Zr EAR DT 45 R 28 hsp65,16S
rDNA 73 S J7, 5558 1 16 £k MA, 184 #RdE
MA 6045 it PN 43 B AF 8 100 B | ik il 20 B2 AT 1 30
PR PR IR 2 bR BB 10 R sy
FOFFIA 6 PR RSB BT I 2 Bk 8 R S0 BT T 2
R BT IR 24 PR SFEBOFFIA 4 R A4
FOFFTR 4 Ak (R0 20 B L B 2R B A BT 1T it
IR RAT A SRS 1 BR) .

2.3 PR IE S E IR Ay B AR A SR LA 200
KRG IR B BRZE SYBR Green 1 9801 PCR M f# phi £k
DA, A 15 BRTE 30 ANMEIR NP1 ih £ BH P LA
il MR Hr ¥ R TE 87.5 °C 2247 T JR A — M g Ui |
YE R MA AT 185 MR B M2 11 , %52 M3k MA,
LI hsp65.16S tDNA I 5 A 4 b 1, P Al 2 57 19
SYBR Green I %) PCR ¥ M 435 % E MA 1
Wik, SMPEs R, ANk MA K %22 5 T8
I E X (P>0.05); BESFEGERN 99. 5%
(199/200) , —BME# R , Kappa {H4 0.965, P<0.01;
7E30 PG FR N, S5 E MA AR TE R 93. 8%

(15/16) FE5MER 100.0% (184/184) . BH 1 T5 I (&
7 100. 0% ( 15/15) . B % 75 9 {5 A 99. 5%
(184/185) .

3 e

T AN [ b DX JRe (R fF 5 25 26 B MAC J2 3% 5
FERFATH NTMO ) MA S A8t o A e g 5
PRI A Nl B ARS8 L E R LA
B R 0 MA B AR AAE I R R BN 21 24
R I R 5 P A BT B A T 2 3 A
FAAEIE R 22 50 DI, MA B B R 2 5 i o 1%
P i Pk s e G ERT A RAAER

DU N 5 A %8 NTM A HA | R 1
82 J BT 45 SRR R0 R, BLE A H
ELISA 45 il i 2412 Wi 771k T NTM 1 % 154k F
TG BE ) AT e JEUER | R R R S RE 0
A 22 R AT IR A 22 F IR
0. B ROR SR R T B ORI R B AT
R[] B3 ( MALDI-TOF MS) % ; —25J& Lk PCR Ry 3
B4 T2 Wi R, . PCR-DNA B3 00 )5 45 R
PCR-ERIREF HEAR N A& THRAER 2. &
B A A B 5 A5 I R 7R I R Pt S 32 BRI . B
HOrTHW2EH AR %, PCR-DNA ¥ (1) )7 kN
BRI S 52 1 A VO AR L — DNA U %
SESBAT R T AR, B IS hsp65 F1 165
rDNA 25 2 A K UL E B o FhR IR LA s 4039 (HL A
WA & o  MELAT 2 M TR R, 3£ T SYBR Green

T G RT) PCR G fiff i 28 1 AR e F Hoth 4 7 0y
25,0 PCR-ZRIREFH2R | DNA 8 £ R | PCR-15
SUEITESE b ARG AR T R, 1S1311 /24X
FAET MA R AYREF PSR AR FIN X MA [ %58
Mo B AR EIZ WM E, CH T 2505017
W7 R ARBIFSE LA IS1311 by kA, 57 5
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T SYBR Green [ ZEGYLEHIEEE MA 1) PCR 51
ki,

IS1311 J& MA H &G i PR il 5 A A o S PR A A
JCPF, Shin 257 ST EIA 181311 HF7AET MA 1)
4 AP Caviam MEFP B 254 AP silvaticum V. F
F1 hominissuis SRR ) | 115 2 JE 25 A AL R0 4 40 ik
(R N A3 AT T A At NTM Fp ¥ R F77E 181311,
Chae %7 BIESE HAZWF MA B A 100% 1 e 5
AJTS 151245 BHGEA B S Z2W A, HIFA
FEAE T 15 40 BOFT B I 25 4% 0 Fp 0 AR A 98 3 F
IS1311 R 5780 it 5 1 P g 3 1 75 L AE 30 AR 34
PR AT AR S 21 B A RO TR A MR A 5 Fh U
PR MA A MA P RIIRR S 5.6x107° ng/pL,

AW FE B H AT )Tz 5t YLk SYBR
Green | #37%%F MA B PCR Mafir < ik, BA
TR BEL 3 P A AT B A AR 35, BB A R T A I IR
SR, EAFEREMJE, BT SYBR Green |
A5 T XU DNA AHZE G, 938 5 T B 747 A i
LM, DTHERR 5 14 — SRR AR R 57 7= 4 5 I w2
SERBR Y AR I AE 60 °C YRR kTR B
L IS1311-3 37 14 J5 14 7= W) o A7 04 i il 42 5
459G B (T 87.5 °C) , o Bk R4
S,

IR SR BE 1S1311-3 §7 4 5 MA f5
HEPRRET , 76 30 ME A P H B4 34 il 2% 5 R AR 5
TR BE MA Z AN [ ¥ 3 o8O i R B 1Y 20 F
NTM Fi 5 Ffk UL S0 B I, IR 78 30 M6 2 51
PR SPED B 4R | IR E 30 AMRER G HBRE 1
P4 iR B RE A TCAR R Tm (B AR 26, R A
WFFEBERELE 30 /NIEIR P H BRe S M 1 1l 4% 2 A
87.5 CZeAT H AR I J fiff 06 11%) ST 30 235 IR hy fe 48 )
ERRE 7 2 MA 1Y SYBR Green [ %% PCR
a3 A ES R

ST PR 14 R BT B Y 200 PR IG
PRAT B AR 5 MA (1) HER 55 0 235 SR A L 22 57
TG X (P>0.05) ; 57 45 8 1 — Btk
i, Kappa {6>0.75,P<0.01, VA5 b #5710
SYBR Green | %¢) PCR ¥t £ %) MA HAG %8¢
SRR R . AR BURAE Ty 93.8% , RS PEN
100% , FHPETINAE A 100% , B 1 5045 K 99.5%
5 HABLL 16S rDNA hsp65 ,16S-23S rDNA [N %% 5[]
B8 DX Ay A S A I R 43 B AR Y 45 AR (193. 9%,
169/180) 2 —3k , 5L A ik AR (98.9% ) #
B, BRI (80.0% ) R 75 %' SYBR Green I 7656

PCR & Mh e L) DNA Al e bR, 5hntsse , B
IS1311 FESL N AT 6 ~ 8 /1 Jae fif ik [R5 01 1>
55165 rDNA 7E T T N 1948 DUEOHE >, B8 T hsp65 .
rpoB 115 ULE, ] £ v A 1) R ARRE , EL A A I i
PREEARH MA B3 71

Zliﬁﬂﬁ%ﬁiﬁﬁ%'ﬁﬁ, BT SYBR Green 1 7%
It PCR 7 fiff i £k 125 78 A5 o B BE P BE AR 4 b 38 5
MA  {ES FH I R B RR ST, A e H 58 4 kil o | 5
S IS R R A 3G 2R A TE 30 ~ 32 TR
Z 8] B B P2 R AT Sanger X1 Y IS (1) 31 5
U16276.1 LXK 100% . 43 B L5 R AT R 5 9% 1 A
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