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ORI =) TIVE A DEGIRET B F
72, %o PCRMIRHE O » 7V % # 1 B[ CHAT
THETH Y, DNA fiH R % Nz 72 P 2R RT3 4
B TH b, FEOTMRE IS % FEREOME I
FTTIRVL ODRDOHRLTHE SN TVEHR, b
ETE, MEEEERE AW RESHL0AT, BRS
BERRIZ 0 LTl U722 8 id R 72 I, ABFE T
RICTHEESN-PBE O EP: & L T pyrose-
quencing 1: D5 EE % G L 720

MR EFE

PoEd

20114 1 H~12 H MBI iz, MS7AT Bk A E L
o B PRI e P UL B B O 7 — IS A RE L 72 AR
HDHH 100 27 55 HE S M- HIEERE 100 #kx x5 &
U720 SIRMRIET T, BACTEC MGIT960 ¥ A 7
A (HRXRZ b 749Xy ), /AMIKY Kb
(ka7 v 7)) ZHOAEERETH TS L IEWT
NHOOFEHTHMEE 252 L 2ME L. $72, Bl
WHORASE, 05mg/ml PNBA (p-nitrobenzoic
acid Bl 7TH11 ZERKHb) EOFEH & kA L 72/5 b
roao=—WR» SR L. SHPTEBRE IS S
[FERE RO BICE N 2 B\, WL &5
BRI 2 ZR L CHEE O RKREE &
D, HHHKFY FEHCCHHEERZETE Ld oz
24k xED, Al ThSFEEANEMKIE, Runyon
SR X BB L, pyrosequencing P& Y v A — v —
7 Ly RFECTRE S N/-WEDIE T 5 WD —33 5
BE, FME—%E LHEMEHEEZIT- 72,

SO GRS H HEBRIEIC X - CTHE S - Hfd
% L < 1X Runyon 0¥ & WAREUILL T 0B Y TH 5,

M. tuberculosis complex (10), M. avium (10),
M. intracellulare (10), M. kansasii (10), M. absces-
sus (10), M. chelonae (5), M. fortuitum (4), M.
gordonae (3), M. szulgai (3), M. xenopi (2), M.
terrae (2), M. scrofulaceum (2), M. marinum (1),
M. avium complex (1), M. peregrinum (2), F=E
AHE 24 #% (Runyon 7738 11 #:1 (18), III#H (3),
IV (3)]o
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WHFEREF Y VT TB (HRRZ bV - 74
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Ta—7 <A anNr7FY)y A TEYA avS
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INNBERREEE»SAE&E THE2~3mm O a0
S—WEFHRNL, 15mL~A 7 0F 22— 725
L7z Tris-EDTA buffer (10 mM Tris, 0.1 mM EDTA,
pH 80 : TE##) 500 uL IZ8&# L7z0 95C T10 4
MALB D%, 2% L 10 B vortex & 17 - 720 12,000
rpm T 5 M LEO LiFEEZH LW 15mL~ 4 7 1
F 2 =78 L# Z, pyrosequencing 7 & N2
VA=Y= LY AP Tz MGIT 852 W 0%
4, 15mL~A4 7 0F 2 — 7ICHE#ERE I mL L
12,000 rpm T 15 o f, RiEZBRE L7z, 5o
72 TEEW 100 ull 3 L, 95C T 30 4 [
WLER % 6 L 720 BY 14 vortex 4TV, 12,000 rpm T
1 R0k, EB2N0oF 2 — 7128 L2 TR
IZHW7z,

YoH—Y—U I REEBOBREETF1V—

Vo= =2 AFEDOPCR KIS EaRL D)
PONZHE L, Takara Ex Taq (# #5854 %) ZHw
T, 94C 308, 55C 30#, 72C 15 o% 4 2
V% 35 T 5 720 16S rRNA Bz T OB A &
B &2 &4E%E 751 ~— 285F [5-GAG AGT TTG
ATC CTG GCT CAG-3] & 259R [5-TTT CAC GAA
CAA CGC GAC AA-31 % H\T PCR HIEEY % 15
72 PCR B4R Y % ¥58L L 721% BigDye Terminator
Ready Reaction Cycle Sequencing Kit (Applied Bio-
systems Japan) % H\T 16S rRNA #f{x¥ O ER5-AL
5% #57-# BLAST (Basic Local Alignment Search
Tool) MK Z4T > 720 99% LA OGRS —H %o
TR —EA & HE L7z

Pyrosequencing i

DNA ¥ % pyrosequencing D 5 ~ 7L — b
LT 572912, PyroMark PCR (7% Y)
DEFF 56754 <— (MOTT 16S Primers for
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Table 1.

notypic identification (N =100)

Clinical isolates identified by pyrosequencing correlating to conventional 16S rRNA gene sequencing and phe-

Identified results of

Conventional 16S rRNA gene

routine laboratory tests* N Pyrosequencing (165 rRNA gene) sequencing (BLAST results)
M. tuberculosis complex 10 10 M. tuberculosis complex 10 M. tuberculosis complex
M. avium 10 10 M. avium 10 M. avium
M. intracellulare 10 10 M. intracellulare 10 M. intracellulare
M. kansasii 10 10 M. conspicuum/M. kansasii/M. gastri 10 M. kansasii/M. gastri
(Primer 1), M. kansasii/M. gastri (Primer 2)
M. abscessus 10 10 M. abscessus/M. massiliense/M. bolletii/ 10 M. abscessus/M. massiliense/
M. chelonae M. bolletii/M. chelonae
M. chelonae 5 5 M. abscessus/M. massiliense/M. bolletii/ 5 M. abscessus/M. massiliense/
M. chelonae M. bolletii/M. chelonae
M. fortuitum 4 4 M. fortuitum 4 M. fortuitum
M. gordonae 3 3 M. gordonae 3 M. gordonae
M. szulgai 3 3 M. szulgai/M. angelicum 3 M. szulgai/M. angelicum
M. xenopi 3 3 M. xenopi/M. heckeshornense 3 M. xenopi/M. heckeshornense
M. terrae 2 2 M. terrae/M. kumanmotoense 2 M. terrae/M. kumanmotoense
M. scrofulaceum* * 2 2 M. scrofulaceum/M. conspicuum/ 2 M. parascrofulaceum
M. parascrofulaceum/M. kansasii/M. gastri
M. marinum 1 1 M. marinum 1 M. marinum
M. avium complex** 1 1 M. colombiense/M. avium/M. intracellulare 1 M. avium complex
M. peregrinum 1 1 M. peregrinum 1 M. peregrinum
M. peregrinum™* 1 1 M. peregrinum/M. mageritense/M. poriferae 1 M. mageritense
Unidentified isolates™ * * 24 24 identified (included 3 discrepancies) 24 identified
(included 3 discrepancies)
Total 100 93/100 (7 discrepancies) 93/100 (7 discrepancies)

*. Identified species by routine laboratory tests with commercial kits, pigmentation and growth rate.
**. Discrepancies of isolate between phenotypic identification by routine laboratory tests and both sequencing results.

*#%: See table 2 for the detailed explanation.

PCR) #HMH\wTDNA #¥ilEL, ¥4+F fbtL7PCR
WIEREY (192bp) %1572

PCR B4 22 ¥ 12 PyroMarkQ24 ¥ 2 57 & (377
V) WEDONF 2= 2T =T AT =Y a Yy DONFa—
LTV Ty = (V=) ZHTHHES S, £
T, V=IWIZANLTINTEY Y RI=T 4 YT
Sepharose ¥ — X & PCR 3§ lig 3 W % W B & X 4,
70% T % J —)v & 7 71 ) Pk Denaturation ¥ ¥ (2 3l
LCEN S, KT — V% Wash buffer H112T
WL IARBICL, Y= TV ATIAR—2HFAR
Annealing buffer 2 &» 5 2> U ® & M L 72 Pyro-
MarkQ24 7L — PN ERRY — V&2 AR, Y=V D
T AE L TWAE—=XERYVFELT == ¥ 7 &
B7zo EWMEOFEIZIE MOTT 16S Primer 1 For Se-
quencing (¥ 7% ~) MV, HEMAT M kansasii
L HE SN7RRICH L TiE, MOTT 16S Primer 2 For
Sequencing (¥ 745 ) 754 <—+t v +&EM
LC M. kansasii & EFWEOHER %R~ ZOK
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P-AF 2 1, Ribosomal Database Project under Favor-
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V= T ABORERERK LTS, HERET
B[R 2 S 72 76 Bk 9 B 73 ¥Rk id pyrosequencing
BTV H == TV AETH T 2 WM E FE
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Table 2. Sequence comparisons of 24 unidentified strains by commercial identification kits

Identified results

Pyrosequencing

Conventional 16S rRNA gene sequencing

No. of Toutine (16S rRNA gene) (BLAST results)
laboratory tests Identification Score Identification Homology (%)
64* v Tsukamurella pulmonis/ 1.000 Tsukamurella pulmonis/ 100
Tsukamurella spongiae Tsukamurella sp. INBio 3020F
66* I M. szulgai/M. angelicum 1.000 M. szulgai/M. angelicum/ 100/100/
M. alsiensis/M. riyadhense 99.43/99.24
98* I M. colombiense/M. sp LC6/ 1.000 M. colombiense CECT 3035/ 99.81/99.81
M. intracellulare/ M. bouchedurhonense
M. bouchedurhonense
87 I M. scrofulaceum/M. conspicuum/  1.000 M. scrofulaceum 100
M. paraffinicum/M. simiae
62 v M. mucogenicum/M. phocaicum  1.000 M. mucogenicum 99.8
63 v M. abscessus/M. massiliense/ 1.000 M. abscessus/M. massiliense/ 100
M. bolletii/M. chelonae M. bolletii/M. chelonae
91 I M. interjectum 1.000 M. interjectum 99.8
67, 82 IIT (2 isolates) M. shimoidei/M. triviale 1.000 M. shimoidei/ 99.81/99.81
Mycobacterium sp. 1777
80, 99 I (2 isolates) M. intermedium/M. sp. Y2 1.000 M. intermedium 100
86-100 I (13 isolates) M. lentiflavum/M. sp 1.000 M. lentiflavum 100

*: Discrepancies between identification by routine laboratory and genetic identification by pyrosequencing and conven-

tional sequencing.

#:® MOTT 16S Primer 1 for Sequencing % i\ 723;
4. M. conspicuum, M. kansasii, M. gastri ® 3 Bifli
WZHZE S, MOTT 16S Primer 2 for Sequencing ®
Y4y, M. kansasii & M. gastri L FE &h7ze M
xenopi 3 #i& M. xenopi & M. heckeshornense |2,
M. terrae 2 ¥Ri& M. terrae & M. kumamotoense 2,
FhENFEE S NIz, RFEIEHFWD M. abscessus 10
¥k & M. chelonaeb #1Z pyrosequencing #, ¥ > 4'—
V=27 T APE BT M. abscessus complex O HifE
(M. abscessus/M. massiliense /M. bolletii/M. chelo-
nae) THEHWVHIREDR S N7z, FERIZ, HEBRAET
Runyon 812 & Y & S 17z 24 B b 97-XT pyrose-
quencing #:, V¥V H -y =27 TV APETHHMANE S
M, 100 ¥k 93 Bk [ @GR A —3K L7z (Table 1),
Table 212, Runyon £AIC & ) ¥ S 7z 24 B[
EREREIL L7,

H # M 4E, pyrosequencing i, v —3y—27 T
YAREO TN DORIER DT BRI 7 HRED S
N7z (Table 3)o 32D D9 B pyrosequencing
BORRDOHIL > Tz FIE 1 #E (HHk Nos3) T
Holz. FEkIX, HEWEOINA 7r7)a7
RAANTTF)TLA TEILABLOSL VTRV
=T, 7FxaTu—T AL IANTFYTL
TEYL avFLy 2 ATHEEE o2 80D
M. avium complex L [REEN, v H—v—r v

23T FEBEIC M. avium complex & [f]5%E 8 7295,
pyrosequencing {%:C M. colombiense, M. avium % L
<\ M. intracellulare & [i%E & iz,

2 (Wit No74, No75) &, 320FHETRTH
FER RV ER o/ FNHIE, HERAETIE M
scrofulaceum, ¥ ¥ H— 3 — 27 TV AP Tld M. paras-
crofulaceum & [ %8 & L7273, pyrosequencing 3 T
% Runyon 73 H?D 1 #EW 128 3% M. kansasii, M. gas-
tri $ NI#ERETH S 3OO (M. scrofulaceum, M.
conspicuum, M. parascrofulaceum) @ 5 Fi¥E o #fl
2% LC Scorel 000 /R L7272, E&—HET 5
RiEZHWETE o7,

H#k No.85 1Z H AT M. peregrinum & [F%E &
7275, pyrosequencing & ¥y HA—v—r v R
#Tl133C M. mageritense & [F%E S N7z,

0 3k (Hi#k Nob4, No.66, No98) & HHMA
T Runyon 7 FIC & D Hlg® SN2k H &, pyrose-
quencing i v —Y =27 LV AETRIE SN
W A% 3 % Runyon 708 & D5 7% - 720 Wi#k No.64
AR EROF I u=—%2 b DIV EHE L HE
ENTW2AS, Tsukamurella sp &, Btk No.66 1312
HEROFFOME I u=_—2RHONIHE L HE S
TwWehs, OUHETHSH M. szulgai b LLIE M an-
gelicum &, Btk No9S IZBRFHOEREAED 2T
S—=2L IR IR THY, IIHEETDH S
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M. colombiense, M. intracellulare, & L < & M.
bouchedurhonense &, ZNENFES NIz,

B No.66 12z C, 32D EDFREMHIEI—I
L, M szulgai & ¥N7-3 ko aa=—PIkEEL
e Zh, TRTCAL—AWTHBOETH o720 F
72, PNBA 2B % Witk No.66 DREFIZEMETH Y,
M. szulgai 3 MRIZBME 2 Bk, BBIE 1 #RE WO FERTH -
720

% =

Jif A 20 BEHUE B Pk 2 XF 5 & L 72 pyrosequencing
EHEREOME L OMICIE, 93% &) Huw—3K
BHIRENT HERETHE SN 2o 72 24 BRI
Wi} pyrosequencing I CRIENFEE 2 0, ¥~
W=V =0 LV APOMRERS SR RDL I LT R
o7z LA L, pyrosequencing ¥ o g g 58 I8 A4k
{, =7y b T HERERETED 40 bp & 45 7%F
ENTWBZ LM, PiBEEMIZIX 16S rRNA gene
THIFRMED SV IERR R DTS 5728, pyrosequenc-
ing BT, BEOREICT LEWHRMEZR L
DI TE VWA R SN2, % 72, pyrosequenc-
ing 1%, MYAFNAEELICRBILLZLVY 72
S —BORGRIMIE SN S 720, Wi L - ES)
PHEET %6, ERINZEEoOE—-213E< R
5o L2L, AAAAR TTTT & v o 72 [H U R
IR il L2, ToREEiAEZ R T WH
AR LN (F—F KB . 200, 1HEES
DY—=7 Oz 1 L3 5HHELZARICTHRELTH
O, LR A S LRSI 2 5IE T 5 LD
bo TDXHIZ, N pyrosequencing B DOFFMEE
EZRLT, #WROMPUIIM B LR P IRBR AR R
LBREICTLIEDRDON S,

4], HH#HAIZ T Runyon 0 TOAHETE 72
24 ¥k 9 B 3 (W No98, Nob6, Nob4) 1, py-
rosequencing i b U H— 3 — 7 TV A O RT
X% L0 FOWMICHE S, FBRICHEES RSN
720 Wk No98 (HEMAICCTIIRENW) ICHLT, W
V=0 T APTRIE SN HAE M. colombiense &
M. bouchedurhonense 1, & b2 EFMEOaIT=—
MR EFFOA, M. colombiense 1% 2 JAR:# THEFE 4
Boaa = —HPBRENLEMIEH B L0 5K
i, M. colombiense T& % WREWEDHE 2 H 172",
F72, Wtk Noo66 (IIIHER) & M szulgaid #kix, H
A TIRIFMBI 2 MIRE R L, BRI L
WML 720 M. angelicum & M. szulgai \ZIEFIC
VIR 2RO THETH Y, BRELHATIEY A

AID1FETH S Crocidura olivieri \ZxF3 5 EGE
B, EEICHTHAAe PADRIIED fE SN
TW3Y, L7z THEOENS, M. angelicum
DU HEHEIZGETE T, M szulgai b L { 1ZZF D%
WERIET2DOVPRYTHLEEZ LN, 72, M.
szulgai DLW (M. angelicum, M. alsiensis, M. ri-
yadhense) 1% 16S rRNA gene ®EH]T 100%, 995
%, 99.1% OEVHFMEE RO FHEO R
M FEICE, DAY AR —¥ ¥ FEETE
WRNTS B 7% EDFFEIRD b D, iR, SFhlok
FITCHEHTREWE, PUEEW Tld % v Tsukamurella J&
WEaIVHRLHAEL w22 Thd (HK
No.64)o Tsukamurella J&ix, WYEFEED 7T 26
AW T, EFERAIOHIEEOI I - VBT HT 5
BRETH %Y, FMEHMAS M. fortuitum & 3R E S
NwEdH Y, au=—RZTTHHT 201
WHETH %o PR IRGSE D HRREH D% AT
HHELELNTEY, Z0kd ZHEEBIZEYAHE
YRR SR TRREI RIS EEZ N
5%, L7edso T, PiRE O a1 = — RO I2IE
EEPLETHY, BEFRTEREFHTI LV
TEE LT R 0 v,

A1, B R 45 Bk BT R T8 Bk L2 3B W T pyrosequencing
BE, Yo H—Y = T AL AREOE RS
R &N 720 — )7, pyrosequencing ¥ O [i] 5 f5 4 &
H ¥4 Runyon MR kb AD BN, %
B BRMAR & AR & 3 2 BRBIYS Cldsk 4 2R o
WHAGHES L Z LR LTBLL 2L, SH1EHE
T2 EMESNG2D, MAET 5 EHRIEFH OBEHE
PER SN D,

BB ARICHD, Mk y —HIRIZEE &
r— TO—EE, BRICEFTry (B BLET
KiCEH L ET,

FIBHER : KL OWRNE, Him 2E ddHv
FERIZD W TR & OFIZEH X (conflict of interest)
Ehh Ao

X 73
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Novel identification of clinical mycobacterium isolates by pyrosequencing of 16S
ribosomal RNA gene
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Conventional methods for identification of mycobacterium isolates are often inexact and time consuming. Pyro-
sequencing of a short hypervariable 16S rRNA gene fragment is accurate, rapid and effective. We have retrospec-
tively evaluated the discriminative power of pyrosequencing for mycobacterium identification, and compared
with the results of the routine laboratory tests and conventional 16S rRNA gene sequencing (Sanger sequencing).
A series of 100 clinical isolates were investigated, furthermore, growth rate and pigment production were anno-
tated when species could not be resolved by pyrosequencing alone. 93 of the identified isolates by commercial kits
and phenotypic characterization were unambiguously identified by both Sanger sequencing and pyrosequencing.
An additional 3 isolates were directly identified to same species by Sanger sequencing and routine test, but the
discrepancies with pyrosequencing (1 M. avium complex, 2 M. parascrofulaceum). By both sequencing methods,
one isolate was identified as M. mageritense, however, identified as M. peregrinum by routine test. The remain-
ing 3 isolates needed both sequencings because the discrepancies between Runyon classification (IV, III and II)
and both sequencings were resulted (Tsukamurella sp, M. szulgal or M. angelicum, and M. colombiense or M.
bouchedurhonense). We consider the pyrosequencing procedure to be a useful alternative for the identification of
several mycobacterium species, and a versatile tool for the characterization of clinical mycobacterium isolates. At
times it requires additional tests for definite species diagnosis and correct identification.
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