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1. S B REYH R, AR =05 RO, Bl 2004335
2. Hp [ RL 2 B BEAE M ELATE ST AT, JEEE 100190
* Bk & A, E-mail: hao@mail.itp.ac.cn

W AE HW: 2016-11-06; #23% H 31: 2016-11-22; W48 i & 2% H 3H: 2017-01-22
[ 2% 5 KR 2w 7T 4 R (L HE 5 2007CB814800, 2013CB834100) % Bl

WE HMEWEFAVRNAFIIMGREMFHRENEZ S 0. NEFE W LT AT FF 5B 8 CVTreefv
% T16S IRNAJF 71 BRELHI LV Tree, T I E Rt B EA T H L BB E M T E R EHNFEMM 0 KA T
RE XRREREHWENN, EEERRMSRRARAARESNOE =&, TUNB ERZ Ao RFE
fi B 5. 4% Al & T 2 F A W CVTree, BE#R 88 7 AL B A 7 89 TH, SUAE ## LU T A 16S tRNAJF 51 - 47 T 1~ it

D REE L HA, TURE AR — M F A, TR TH T E. AXEERAE THRNRESR.

KEwm  REEW, EEM, o KRG, TR T I 89 & H 4 8, CVTree, LVTree

LY, EVA B EA I, VAL <R 2%
N#, JRRM 2 36, ki 20 M2 23esg, vt
AW, TR ECE RN G BRI SRR A Y
PRI . MM R Bk E
A AR B SORI 28 HLA 75 J7 35 5 B, [ ) (physician) 1
YB3 (physicist) YR T B — AN, WIEE T Bk e 4
YO SRR BE. 18594F, A /R ST (M ppikd i) 4+
WA B B 40 B B W, (R S T LR R BB B
AW B T A A TF RN R BT
B, AR R AR ALK R B

19434F, BRI 2 5K i 8 S R AR R KA 4
ST A VR, U AR AR H S O
P — R Ih i) 2 — M fE R 19784, B2 4E I AE BT
o [ B 2 Bt B 1 BT AT I T B AR ) SN A

JTTR). 19934F, BB 2 2 RATIK R R AU I3
KI5 A TR 2, 19958 L A I
FeE0TETE, £ 112447 1 UM EE W LS A dr B 1Y
RISV

BIRARREHAHRFT IR I AR i rh B a3
DAL AR, A SC T 5 A7 A 9t 1 2 PR 2 P AL 75 %
SR D AL K R BN AR R, D B A
AN 5 PIAS T3 T HEBE R V) 22 BT TSR B T AT I R
MIBLIE. X 5o it Mk DRI 008 O, 1] WD 4 ) 286
GRABZMESLZIAI 3R ARGE. — A DL sSL e 3k
Bl Kl A2 2, b SR BT B B AR RSB &5
TR AN, ARy E E BT TTT A AR &5
B AW T AL 81 10 4% €8 T B R (1) CV Tree M 25 il 55 2%,
I 2R L B I R AN A & IR JRe i 55t [R5 2
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Fe A JE R AR T S A A

16S TRNA T 51 73 #1 [ 45 Jm Al bh .

1 RN 5 Rz fEAL

JFEAZ AW 2 7 i (Archaea) F141 1 (Bacteria, i 2%
% N H 41 Eubacteria) K S FR, A TR E B G FR A
. AT RHER E R DA, [ AR A — A
FHBER b = KB iy iE8 Ft(domains of life)*4. 45 A
fli TR b A7 PR A% 20 B HOE 2 10%0 ) &2 ), R
B SO O BR A BT, A0 H P AL IR R A IS A AR A AR AE,
PS54 717 45 100 40 T 40 M. BB AR 6 T nRT e A B
HI<Fh, FFEK IS8, HuBk L i< fr g b+
1070 8R1f, Hut B A AL R R A —E 1L R (E
S B8 A I 14000F4, BI KA 10% ) & 20 (X 72
AR SCHR[7] 89 207, N b4 45 % 3R 298001 37 B T ikt
i), BT WA R AE A ) K R, 572 B
TR g — Mok g Ky mvk. 2T R B, AR
PRI 90 480 71~ H 28 40 1) Lk A 12k

20 LB o R FE R = (1) 8L
TR B iy 44 11 ] B D) OB D ) 5 B AR T AE
AT P, (i) TR RS SR TR Z
B LA (AT M) ARFR A4 1 % s ORI 4y 202
FAt. (iil) HE4E 7K W (Carl Woese, 1928~2012) 5 & 1E#
AT 314 HEAZ WE R /NI 1 1/116S TRNA T BIIAE
R AT BRI 2 bRl PRk, 21t 20 ) 41 B 44
TSR AR L 1004 7 2, (H 2 H R PEFI T 2
P B 5.

21 LK, (AARESEFM) 581
BETE19944E I ZE O fR I, HI LA I2AETh R4 T (A&
N ARG TFMD) s 2R, B, 2R (A
AWEH MM R T HFRBMSAB!IZE20154F |
Z&. R —rEEmE RN ZELR R ED)
FE2013~20144F 5% T VIR, 2B 115 165 &
SRR, WAL, BARFM R KR L& R
AL, W CEZ A & ERRIR A Eig BRI 5y,
PG vird i 1 I 1 = 1 (& NS S S0 == B = 7 1 W
G5 DR RG M HECE R R R R, i
EABE o RI7 ) FEEZWT], 'R (EBFMAEY R
G5 EY (International Journal of Systematic and
Evolutionary Microbiology, &I F#KIISEM). A% 5y K i
F s A% 2B 0 A R R DA L 3 2K B8 R 44 5% & LPSNLSL,
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1% J2& HiJean Euzeby 7E 199746 &, I 7E b At A\ gk 458
HEP I X G . e I 5 TISEMUART oA 3= B A= 43 2
Y B HOIRES, HE BBV RER K AA L
A H I ZE IR B[]

FH T 38— AR P BR ) R F, 545 U e AR AN Wi
FERAIR. Bk 2 (1) 2= W 2 i 50 MR DRI AL 7 I 4R
KHIAESRI T A HERG, A X8, N 1Y)
T E R S e R, fE 20t 4 H R
JSSR ) ] B BRI, 38 O WG T R AR 7 R Rl
AW AR KA A B A7 2 . i, $258 W]
15 7% B AR A DNA J4 A8 SE 06 45 S N R R B A T2,
AN P3G L FT TR, TR A m] 85 55 10 41 T8 468 5% AN e ik
PSS E 2 —, TIDNAZRAE I A 2 2 Hsn i
] UPRAIE BT S I IR AR . T 2 2 7 45 R pld
PLAH AT = ) 24 R, AF 47K A FE B (permanent draft)
RS, N, AR RACE FETH AR,
LA 6000/ L 7E 44 B AL B bacterium — 1], T A &
] o KT BT 2B 3R ) <R A X044, S Fh AU Ak 1 R B 5
AR, LB 20 28 TARE Bk b . A4 2K 5%
[ I fe B!

2 BT R AN )P

19954 R 3% 1 55 -0 1) 3 A4 B TR 4, e AT
& It I 1L T8 (Haemophilus influenzae) ') Fl A= FE 1 7
JF A& (Mycoplasma genitalium)i*). $]20084F 2.2 7 1)
BRI ZH 350 H H2121000, 17 HIF 46 LB KBk 2 17k
KL, 5 A I 1) DR 2L, A5 2 7K A B T )
H 23 1 FF. 201348 11 H NCBLE i i 4% 41 B B ok 5
DRTZEL I AT 7 2, 2B b 1k 7 R A DANC_ bRz (1248
T JE DAL 7 51 IN20084F I K4 i A 58 42 920164 10
Hr Ay, AR AE B R E H B 43121, 5z ke i 7] 4
7 A 1) 57 4 5L PR 4 8 H (7982)(HE 4 GOLD ¥ #s = 2 e
AL Gt 7).
CIZRTF M) BUAE R Bt A\ 445 2 (Williams
B. Whitman) 7 7E20 11 4F g4 1o fa L& Hh 4 5 22,
2 1 EDNA 7 271 AR Dy 41 B 0 M 0 L Al Ath S il
P T U ), FsE b, X — R R
CA. FAE19874E, — I STl A5 Al 4l i 20 K7
(% 112 01 2 AR AR S P i e < ONAT )38 i )
DNA T A1 N J2 i€ SRR F I S bR AE, TR 4K &R
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N4 5E LR ARG, BAb, i % &R 4i(nomenclature) B
L HRERGEE -ZBOF R E & BAE N SRR KA T
RIFLEE R EA 19984, IR At o i Ak P 3 IR 4H 2k 3R
T TR [ i, A e Sy — e e RO gk
DR ZEL 300 e 1 B A 2 28 10k, 5k PRI 21 20 2 AR R A1)
R, I AR N R FE K 2 45 e £E U E A
BEDZEM P e AR, A ER S . KE
AR ARk B A Y R A 2

FECIR A R 22 B AR ) R DR A I 0 R 3
HFS0m. W2, BRI, H5E. ESEIRH
&, X GEBA(Genomic Encyclopedia of Bacteria and
Archaea)?" 8D HOTRIEN XTSRRI R R AW
e, SR, BT 2 58 s BRI A B0 1) i A= M) o
B, B B O A M A5, U %
WRKHER 70 AT TSR 4R T A o G R B 28. IEC
23 7 PRI E A 1 W AR A

3 T 5 MK e # B R 2 L B

JERAZ A ) (1 5 DRI 2E AE A% TR 5 R DR A 25 7 T
22 AR K. A5 SIS 26 1y AR A () 4 B PN L A TR Ak
AR B T S AR Pk R 2L /N B R AT S8 T i kA 480 %
AN [RI20L, i H AT C 2RI ) B K 2 R 4R E £ 4
HETE 16 (Sorangium cellulosum), &4 1480 FI TRIEXT . 2
175 2 A BRI PO, AR LU RS Gt 2 7k (Y DNA A
EETFINE? JFA% AR 2 1 Lo A Be sk AR T
B BRI (alignment-free) 1) J7 1.

AT 5T A 7 21 Bk T >R S T 228 [ 4 L e ) 7
5, R RN T T H O BB B
DT ZE I i R 1 430 2 1 5 41, R — A AN R I
BK(K=3). 98 AKIE3h & DR 854 & T
P, IR A TR N—FKENLNF R ER
i, 15 B (L-K+ DMK, F 5N E A RS 3K
JUR, AR Rl KR EE A I IR B R R ok, R T R AR
A 20PN EIERR, K= 11 KK 05028 920 % 1M K=3i1,
KK FR 28203 =8000F. HLHTH AT BE I KK #4 R 2
FEPR 7 BER) SO A, FE RN AL B A MK
JUR B HH B B, 49 B — AT 4G 1) 4 53 K% & (composition
vector, CV). &AM B FAH M 1 CVARE ; MR R H R
IPIASCV I BE B, AR AP I BE B, A SE 29 4 P
R I FRAE M, WARERE MG SR SN, 7] Re B 3G A

TFSC L AE A )V 22 BT 5 385 0 S e P 14 B 077 0%, 0
DKl g 25 AN G 1 LB 2D AN

X T8 B 7 3R O I8, A8 AR AR 9 2 R = BUR R
BE AR R AL B R DO IR 4 Bl e 4 52 AR
HRAR N Ay 5 R A A R B A KB AN I AN R [ o 5
AP EE R, KRN FIRKIK TR TR, S5 a
W R B B RR, NSRRI SRR, L
e AR AR B, RASAE 4y 7K P EREALR A, T H
SRR o AL 5 ). DR, AR SR AR A T
s AT DL SRR G v B A SR B oo [R) — > DX 20 2 )
438 E B A, it KK, (K= REAN(K=2) K )
O H, SR T A T BE AT AL R M (K1) IR AN (K=2) ik
0 H TR € KRR 2 B, 0S5 R F 2 bR ik
RIHCH e W R S bRt 2 45 R 5 T ) F H AH
A, MBI THE s R A B S F i AEME R, B
(K-DBEAN(K=2) Bk i H T RE R 5 £ (5 2, HRES
THIREI 2 2IF A BT 115 . TR SE B - H0) 22
A e A B R IR CV AN 43 B AT I
I, FH Bl 53 e 1) 22 0 AR R 1 2 i, 45 21580 1) < B 1
e JEHICVv.

AW FC AL (K—2) B 1 5 7R AT 5K F0000 R Sk 43
R € KK A E . XA P00 2 2Cn] BLF P9 7 3 4
Tk, B A B8 R CE BER S A A
KRB B A R M SR S E A N R A
KO L2 IR CHR[31~371H IR T, (U AE bR H, 7l
D2 =R 38 AN 2 M — 1, H AT A R SR AR —
M2 B SEBr gt R BE . Filan, A AN ik AR A E-1)
JRE H 1 e ok B faj B — 2 1 207 B0 (ER 4t 1
G L, B (Pyrobaculum aerophilum)ig N 1 4
R T, B T AR =K R

R <sm I fCvimm iR R E. £1—4
VIR HICVILE B 5 4b— AN MIICV L, 153 38 1
KIRC. H— LS B CHUN A+ 1GE 4 KRB B)-1(58 4 X
KEOMEUE. FCe e H B s dE M it d=1-0)2.
X2 AT LAANOZAR BT H — 46 1 B b s8>, BB il
1E515 A, BRI A & TR UE 43 = 1 TE A 45 SUAR B Rl
L) I LA B B, T e — R B R, AP ig
XL F Hi i R E B A, AR I T LS
% SCHR[34~37].

87 FH (K=2) B 1 By 7R W R 9000, R € T e /N KAE
Fe3. A% ORI KB B8 8 0 Re e v, (E & K
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HIKH < S 8T 2 BB (star tree), [ 1T A B 1E 7
SR AL IR 35 2 06 2. T DA EL ™ RS 1 AIE BT,
I R KA PR 3 BRI % 1 8 1 0 T 5 TR R 2 R A B
AR, R Tl AN, BEEKAE AR 56, X T R, B
FEKAE AEARS; 0T B, S KA 617, X LA G
BRI B A, FIATE A+ JLER TR ALK 2
— .

4 CVTree W %4 Ik 5% 25

BT ERA S, BARRR A SBRW T (ER
HLR SIS, B K b A KR % AR R 1
W, K=6 EASCV I 4ERUZ 6400 77, 513440
[R5 2 B2 1 31110000 10000 (5B . R T 8 B
AR EEAE XA 58 LRI R 8 FB R,
LTV RITIT K T 4 NCV Tree ) W 2% IR 55 2%, 9 E A
AR PR A B IR S5, CV Tree 1.0 720044 1 251400 3
7O 245 1ERRSS. CVTree 2.0 T20094F 46141 H R4y
TEIZAT. SR, 58 Z0 G WO 3 1 201547 - 46 0 4 il
5 B T fE T R 5RO I CV Tree3™), B AR X B4 RY 28 ik 5%
B8 AR AT A 2645 FH 0 B TS AN T LR T B ) i B S
P, AW T LHIE S DL T I CV Tree3 ], P B4R 3
e S AN I RE.

fi F A HORE BR[O W A R b b
http:/tlife.fudan.edu.cn/cvtree3/, A W % 5% il 13 A\ F 7
Fr. "] L(EZ A DA A B O T R, PLE
B LR SR 2E B . CVTree3 iRk 55 8% H AT £ — 1 641%
MERTEAL i 47. BT R 7 25 a0 4 i e B £
B I T &N Mk A (8138 47 45 SR B S, —S3000 2 2
BRI 20 B4 b K B AT 7620 min N 58 1. — N e 1.5 1A
FER AR, ZEH96 hl EA R sl . REH
AU 770 2 A R YRR A, E 2 A G
X LR B B R 55 2%, X S B G AL IB AN O
F e amider, IS8R G . AW 7 A S H br
BRI R AT, S ERATT & VA8 P 1 R A FF IR AR 5528 AR
RAAEAIFC. BEFE L1, CVTree3 IR 5528 LL T ThRg:

4.1 FWABIHEE

CVTree3 IR 55 %5 N B 43000 % AN HE K 40, fit P
Phidk. IXSLILR 0 2 A e WA H. FH P eI L2 ik b
& 8 L2 R 20 20, B okomT DA 4100 ML I &
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A SR R 4 SO, P BN b A (R S R A R 2
A HE RE R
<D>Bacteria<K>Bacteria<P>Proteobacteria<C>Gamm-
aproteobacteria<O>Enterobacteriales<F>Enterobacteria-
ceae<G>Escherichia<S>Escherichia_coli<T>Escherichi-
a_coli_str K12 substr MG1655

X B <D>, <K>, <P>, <C>, <O>, <F>, <G>, <S>
N <T> 43 B AR F #E 5 (Domain) «  F+ (Kingdom) « ]
(Phylum) . % (Class) . H (Order). #}(Family). J&
(Genus). F(Species)Fl#k (sTrain). X} T JF 1% A= WAk
ANRA X 73 FRATE B, 1K L AR B T <D>HI<K>, 52
T LIS HECV TreedfE) SIHAZAEY. IR — D0 RE
OB 1 € A4 PR, B RS 2€ 48 75 F-Unclassified b H.
%40, <F>Unclassified R 7~ 18 R P HI“RP B HE. N
B A GG 1S R A5 Bk FHNCBIT) 4 25 9 5 43,
EIANCBIFERE— 25T H Ji5 AR 75 B A2 70 K221
2% (e R T EMEENER, BAE—%
HTERRRZE NS RER, REH
BT REAAT & — AN 7 R R G AW TCHAE I B
B JR ORI, 80— 26 06 1 P AR AR T

4.2 CRGWM4IFETIT, B3l St AR

H P A LLEFE— A2 AKIE, £ —IRig 474 58
R TR, IR R G A% RIS Gt 45 3. X H
FR) — A% U0 MR 2 2 B U5 B FR 2R % (monophyly). 1866
4, Ernst Haeckel B 1K 5] N X AMMERS, ¥ Jh @ 22 W
FIEY A AR RO R, X T T B 5N 14
PR, SR E— S FH 0 A, R 2 RS 0 L PR 1) 7E CV Tree
M N BRGNS AR R 5 B XMEG A
SERBTZMRBTTHRA. RN KHRTT,
flan—A<J@”, B 7RI R 15 BUE T e W T B
G AN B Fo AL A SR R B2, X A a2 B JE ). AE
W R, BRI B & (Clostridium) 5l A & HYR 11, KA
&4 NIE A 7 KRG, BN, SCER[15~17]#8 A
BRIV B 3 B VF 2 A B AN AE B IR 4R [, T AT 58 2E 1)
B NEHE A T IR Y B AT RE R B AN AR R 1]
PLERRI BRGNS . AT oG Bk, [FFE
BRI A R W SR AKAE — SR BT AR
RAEMNE A RS b — A B 2R 5000 B 4R
G, A0 XA B AR I I AT DL R A YR A e
B AT, FERR A 8273 28 858 B 44 S A b sk R
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MIHCH . BRI R 1 il 4 T (collapsing) FI BA K Ay ik 2>
— BRI R ECH, AR T — H T AR A TS
PR GERE . A 3T Ja BRI T LA T R R SR R R -
SR CAE AR TN KE — 25 1H 5 4
RGH. RIFEHEE DT, plin—D<gw”, A
[FIKN & . — Uik, lEEKMIERTE R, T2
SR 5y = TR/ N 1 VAl e N O 2 9 M
WERERX K=3~9F TELHANTT. N, H. BHEZ
B, H TAERAN Y2 K. CVTree ]t 55 #% H 3h 58 &
WSk @G i, I AR IE R & 45 R, XN R Mg
F I8 N <D>~<S>H) 73 KB i, NP 45 B> 4 K 7T
Pl 25 IR B R AHL S H DA AE A AN KB T AH SR g
B, AR — AN KT, B3N E, 5 AN BE
Seb RS — AR A, R 2 S R Re & BR
1 1% 6P Ji (1 5 T DLTE 3R 35 3R TP R A T 2R,

4.3 R S i TR 4L i A Y 40 Ao

TR R B — B _E G R IME, B AE
21ty 3 7R AR 1) UL T b R g A A B A 2K T I
R, PR JE AT ) Search Query 7 #E. 1, fii i3k )&
% Corynebacterium(¥& 1 J& ), 7 LA NCV Tree [ K
O E L B R BIR T Corynebacterium J& 1173 £ 1

2. B SR R Turicella P38 N T B RIR . AR50 20
DL 8 22 4k 221 183X M 1

4.4 3 F G IE B4 IF

FE PRI, FTRe S KL REEAS
H, B A AT REAN AR AR 115, BRI Unclassified 28R
WhE M R u 5. AP e i — il RE IR
(lineage modification file), H o — 1745 i — K& 1E
i, s
AT WG R <> Wil R #IERE

SUEEAN IR Dy = SO 1 R A B P 0 R AT

<G>Corynebacterium{3/124}
<G>Corynebacterium{94/124}
<G>Turicella<S>Turicella_ otitidis{2}
<G>Corynebacterium{4/124}
<G>Corynebacterium{21/124}

Bl 1 FECVTree B R T H iR Corynebacterium(BEH &
B)E BB R (W& REE)
Turicella W1 NTEIR T I & ) SRJ8 1, WL AR S J5 T A i

DA 480l /A5, R 5 0 EZEIERED.
hn, E13E7R, R B Turicellal& 3\ Corynebacterium
JB&, R LU S o FRUR S R R HE R AR DR
e
<G>Turicella <G>Corynebacterium # by inspecting
CVTree

R FTEAE IE LW K <O>B<F>HIBUE, HiA eSS
FHXFERTR 1. R T B IE R BT X RRRR I R K,
BCA HABENEH], A ZRH S B <T>— R 0EE.

RAIE RBIEZ 5, RGEFIATHIF MG, BE
B A B R B A SR . BT B IE S BUR U R
<G>Corynebacterium{122}. it & & IE CAF R H P A%
f1h 3 DR AL B — 2, AEAR LR e — kB 4T UG, I AE
I TAR =S 1A BLOR A7 — A, 2R )5 B R 42 E .

4.5 FRANE B : 16S rRNAMY ) 22 H X B R

AL EBETRET 2RISR KR
FRRG. HIERNE N ERAEM D KR EFERT
16S rRNA 7 51 43 #1, MCVTreefd (11 45 T LL 5 2
Lk, 20084F, (NS REMAEY Y (Systematic &
Applied Microbiology) %% &4 5 5 RILPSN I 7T 1181, k5 —
FEBR PN A 5 TAEH A4, MR EL K RIET B
%25 N T8 5211 16S rRNAFF 51 1157 2B (all-species
living tree, LV Tree**1), i1 I RRAS /£ 2015459 H f
123 RO X AR A2 A ) S, A B 1 SR
. HEJE K ANCVTree wTH 46 IF . RIF. &l
1B 2R FE, LR &N BT R BN
PE SRS R Th e, AR AE B VLV Treedn 5 11—
H B R FE P LV Tree Viewer |47 A i fif F X AN 5w
TP R e B A Sl i) DM U7 LV TreeliUAS, AN RE
R B CHTA, WA RE R A GIEL I EHE
P, X & LVTree 1) 5 v 5 ) o sE (. F - a] DA [R] B 48
FACVTree MLV TreeiX 7§ & L ELAfF 5t [Fl — 44325 ] 7.

5 RV KRR G BAR DS

& G2 (0 T 73 R 4 A6 E B TR R R A R
I, BTEH T 05 15 16S rRNAJFF FI FI3E -+ 5 R R 4
Hdls, e mr DUFR HHOA A o — B (AR Y ) L T
FIZE [ T T H , B IUER AT AR AT 45 2R BT
FEO7 . IR TR IE, RAE AR, RE L,
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5.0 i R A 26

BB LA, 4158 Ay 44 1 B B ) 1890 U A
Bl g — 1) 53 S0, Sl W NI H 78 F0) AR G
“I1 ). Cavalier-Smith il i T« F 43 25 (mega-
classification)— 1] 4548 H . N, [T E M Z KK
%5, BUE ] LRI 2 B CV Tree AT 16S rRNAFE 51 43 H7 (1)
R, BB EAR A E 0 BRI R S KBRS, A
WFCHA AR FE T B A E 5020, FE/- 4HCV Tree3
(v S e b 8 T AN B Lo R R O, TR DR
X B UK AN B 4 25 7E 1T B9 KSF B BAVEIR . NCBIH
FIBMSABU I A #5125 T 29~30 4 a2 AT 1], &
fIBEAR B PR T rr 85 7 1 JE A% A2 . (R T %A &
VA 4 R A S IR (1) 4% %M 7] (candidate division), M
BOH R4 2R R K, M20ANE EEANTT, EERE
Hof % b AR S FR B 1) 16S IRNA 20152 i 4 1 42
H T 7E16S rRNA T 51 1) J: At b o] 35 7% AR 4 35 7% 6
PRI G — o0 W3, R T2 R I CV Tree 4l R L
B, A RE I G — 3 R IR M. A 7% 5k DR 4H %
0 2 BB A TR PR DR A 1 7 0, DS PR R 6
AR RE A, A5 BOR R 22 (12K B AR 0E T B R A D .
Hul DA a AN xR B4, HEmmE R F
ANTE . AR S ZH g DA o I R 2 R YRI5 B CV Tree I
KA BN, FEE RS R R ET ZSEZN
B, P58 IR 45 R St FAENCBIHT L
ERAMEEAS, CaFG kA RET]. BR2ER
H3AN X FE R R R A, e AT B #R AL T 7T K.
AT, PN SRR A e R T — N, BEE A4
FRASE B[] — AN JE R 20 P, WWE3FITM 73X 9 A
R TREFEA WL G2 X5 ] A B S & 2
AR ] S DA ZEL R Sk 23 B Wi X 2 4 J I T DR

52 BEhEIE %

VF2HT A A 4 i B — AN BRI
PN, J ORI K K H OB AT . AR, A 2R H A 4 DA

K R L — TR R, REFR 2N BB BB (monospecific
genus, & FXMSG). #ELPSNII AT 51| %4 (FIMSGH H 4% 3L
KA HE Bl 2, 75 3 BB RS, X< R
i AT 10 PR R R A, AR G AR 2 AR A
SR BIX 4.

B n R AT N A H At R I HLBOR 5
P, A AT RE S 2y 2 i) L A3 v d e THT Y R
& 18034F B IX ik If) Beggiatoa alba, '& 1] 1E 3 44 FX 42
1845452 ). ELFI20154E [IBMSABU!), & 1588 4 51l Ay
ZJE BB A GEA R R, £ CE T
B 5 K 40 B G 540 5 Beggiatoa i 5. X Lo 3L K 20 |
f&2|CVTree LLJT, TH 5 H 1R (940 H 4% L

K445 —/>BMSABUSURILPSNU I 4 45 71 2%
El’\ﬁEPBeggiatoa leptomitiformis. T ELEE 1998 F#k A 44
F RPN FE20154 A A3 T 58 PR 28 1 i e 4 SR 059,
AT B8 RN e W) IR PR R SCR R 1), B —HEH
BN B B R R 2 28O0k et i, B
45 | Beggiatoa W) . J& AL . Ak, Thioplocare—
19074 KR B Mg, H Al R A X — AN e i 5 ]
H. HABIN L sp R, X MEH A
VAN PR R A ST ZE 0 B e 1 R E T AT AT
PIAE R 51+, # BhBk ik tH— S 43 B 5 1) [l R ] g
73 KB IE.

5.3 LVTree L dE Y5 CVTrees) 5 i A5 M

ALAEA2THOA MR 7T RS, JE3

VR 2% & B HE 2 U5 1 (polyphyly, 1R 2 &) Al J5 4
(paraphyly, HWFK I R). X T &K H 39 55 251
KRRS8R0, X TR A, A
P22 X S iy, T A0 2 PR AN R G FR 2 A R YR .
7E16S IRNAMS b H I 1) K B AR B R o3 1, 8 40 I ot
CAZARTFMY P—Leq7 A, DL T A 3
R 53 3 AT S5 T BORAR B a8 F R 7 72:0657) s |
X ST H T 5 16S IRNAJFHI 5 M AN GE B e 1F 2 )&

<S>candidate_division_ WWE3_bacterium_RAAC2_WWE3_1<T>Candidate_division_ WWE3_bacterium_RAAC2_WWE3_1_uid230713.
_g <G>Candidatus_Saccharibacteria ... <T>Candidatus_Saccharibacteria_bacterium_RAAC3_TM7_1_uid230715.NCBI{o+1}

<G>Candidatus_Saccharimonas ... <T>Candidatus_Saccharimonas_aalborgensis_uid203361.NCBI{o+1}

B2 ZEAE1042MIEERHABCVTree L E3NMREITHERAR BK—. BT A 35— AT @ TM?), 7]
A B 24N B3N T (& R /)
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ol | ' ' To] MTEEL KR, B E s S AT R )
S5 IV AU, SRR AR 4 84 O M A BT A ST
sl ol AEMALINCVTree b, WA R ABE. HA— A

§ o %1: #Wi#F# £H(Caulobacteraceae) il 4 &, ‘B fELVTree
5 oo 1 LRIy A R, RERIAT E, A — A
0l ® - Asticcacaulis J& 7& YR, oAb 34N w4005 IR R &
’ o (K5).
Oke ©°° . = . K672 MCVTree R 1 B N R MR FF B FL 73 8. K
1800 1850 1900 195 2000
Year B B A &% 4 F I Caulobacteraceae  bacterium
i PMMR1 3 \ Phenylobacterium )&, 53 3¢ & X N —
A3 MSGELAFRR R ARG AR, B AR VA H AR LV Tree A

S B4R LPSNU EL 512016410 F AR U BCR 4 1. 12 29 o el e
10 242 18034 K 2 [ Beggiatoae alba. 2005 Pk ik AR s CVTree, RAFIIRBIEARE 4. BETUAK, CVTreelt]

ME— AT Ak AR, BRT B2 F T — L S W bk DR ERFEIE T RRETBIIL 5.

<G>Beggiatoa ... <T>Beggiatoa_alba_B18LD_WGS_GCF000245015v1.RefSeq{1}
<T>Beggiatoa_leptomitiformis_D_402_Finished img2645727617.JGI.UPLOAD{0o+1}
<G>Thioploca ... <T>Thioploca_ingrica_ WGS_GCF000828835v1.RefSeq{1}
<T>Beggiatoa_sp_PS_Permanent_Draft_img2623620302.JGL.UPLOAD{o+1}
<T>Beggiatoa_sp_Orange_Guaymas_Draft_img2502790011.JGI.UPLOAD{0+1}
<T>Beggiatoa_sp_SS_Permanent_Draft img2623620213.JGL.UPLOAD{o+1}

Bl 4  7EBeggiatoa[ftiE B 53 £ 1 L (W 4% iR )
3% S MEL R 3214 1 B R 10441 4N 41 B 2[R 21 11 CV Tree BY R 1) J& 348

G>Phenylobacterium{2/9}

G>Phenylobacterium{4/9}
<S>Phenylobacterium_falsum<T>Phenylobacterium_falsum__AJ717391__Caulobacteraceae{1}
<S>Phenylobacterium_conjunctum<T>Phenylobacterium_conjunctum__AJ227767__Caulobacteraceae{1}
<S>Phenylobacterium_haematophilum<T>Phenylobacterium_haematophilum__AJ244650__Caulobacteraceae{1}
<S>Caulobacter_henricii<T>Caulobacter_henricii__AJ227758__Caulobacteraceae{1}

@ <G>Caulobacter{2/8}

@ <G>Caulobacter{5/8}
<S>Brevundimonas_abyssalis<T>Brevundimonas_abyssalis__AB688113__Caulobacteraceae{1}
<S>Brevundimonas_aurantiaca<T>Brevundimonas_aurantiaca__AJ227787__Caulobacteraceae{1}
<G>Brevundimonas{2/26}
<S>Brevundimonas_intermedia<T>Brevundimonas_intermedia__AJ227786__Caulobacteraceae{1}
<S>Streptomyces_longisporoflavus<T>Streptomyces_longisporoflavus__DQ442520__Streptomycetaceae{1}
<S>Brevundimonas_mediterranea<T>Brevundimonas_mediterranea__AJ227801__Caulobacteraceae{1}
<G>Asticcacaulis{6}

@ <G>Brevundimonas{19/26}

BEl5 MLVTree b3 3k B & R4 1
Asticacaulis J& & BRI, FAR3A B AL T IR R, 7ECHR[47]H 448 1, Streptomyces longisporoflavus 7& —A> b # 1) Brevundimons i £k HJ
fH 2 IE T XA R, Brevundimonas J& 1 B3R VEIE f& 4% Asticcacaulis TR, T X PIANJ& IR 7 % R AN i B

@ <G>Caulobacter{26}
@ <G>Asticcacaulis{o}
———— @ <G>Brevundimonas{14}

_|:: <G>Caulobacteraceae<S>Caulobacteraceae_bacterium_PMMR1{2}
<G>Phenylobacterium{2}

Bl 6 JCVTree b8 T 3k BIWAF H B 48
NP B A7 4 R Caulobacteraceae_bacterium PMMR 1A X Phenylobacterium &, BN E B — /N HE, BT A &4 8 5t 2 SR
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6 CVTreefE R AN A LT B & 20 ¥

16S rRNA T 51 43 B %5 B DL 1 B AR B 7 W R
77, 3K EL A 2 WA 11 9z S8 IE S A 5 R A T ik
A DL FEAE A, T 5.3 BT AUR I CV Tree 1
H HLYRE: 2 T LV Tree, 52112 16S rRNAZS BT 7775
PSR IR B, F 5z IR A] B3 H CV Tree = 40 9 /1
M 2RI

6.1  ZHF A DL BB R LR R

PAVD 1] IR B N, J 78— R CV Tree /715070 #E7.
WITIREENFI B 5 302 1 FE R0 2t i 4 K
BN, I881F R = R IRV T IR, (H 2R A 2 [F]
oA J7 T8 B X 50, 18964F ¢ MLy S M 32 T SR B2
PRFERI IR, 19464F £ 7 T 57 L7 284 X 43 3505 R AR 1)
Kauffman-White 5 45. A M1 2 T2500%4 ifiLi5 2,
20— FEAR TS AR NV TTIREE . (HJ2, 19804E4K
DNA 2438 5256 5t B B I 2@ T A — b 1T IR
AR B AR B A 4 N Ak TR EDIRES, B 3120054F
AHAR Fg— TR, RV TTIR)E T i A A AR
S. bongorifS. enterica, T J5 & A& 6N M. W5
MiE R S R WA ? BLE S P 14500470 17]

—#<S>Salmonella_bongori{3}

9<S>Salmonella_enterica{27/1421}

<T>Salmonella_enterica_enterica_sv_Weltevreden_SW9_Draft img2622736412.JGI{1/1421}
9<5>Salmonella_enterica{29/1421}
<T>Salmonella_enterica_subsp_enterica_serovar_Cerro_str 5569 WGS_GCF000505125v1.RefSeq{1/1421}
9<S>Salmonella_enterica{430/1421}
<T>Salmonella_enterica_subsp_enterica_serovar_Cubana_str_CFSAN001083_WGS_GCF000487715v1 RefSeqf{1/1421}
<T>Salmonella_enterica_enterica_sv_Newport_CVM_22462_Permanent_Draft img2537561641.JGKL/1421}
<S>Salmonella_enterica{117/1421}
<T>Salmonella_enterica_subsp_enterica_serovar_London_str_CFSAN001081_WGS.PATRIC{1/1421}

] <S>Salmonella_enterica{145/1421}

<T>Salmonella_enterica_subsp_enterica_serovar_Tennessee_str TXSC_TXSC08_21_WGS_GCF000486385v1.RefSeq{1/1421}
<T>Salmonella_enterica_subsp_enterica_serovar_Mbandaka_str_ATCC_51958 WGS_GCF000486915v1.RefSeq{1/1421}
<S>Salmonella_enterica{16/1421}

<S>Salmonella_enterica{631/1421}

L9<S>Salmonella_enterica{13/1421}
9<5>Salmonella_enterica{6/1421}

G 4 T 222 (R 41, v] DAZECV Tree b5 8 73 BT 5
BT KR AR, 20054F KR IL—/NHTFIS. subterranea,
MCVTree & ERAAE T IR, B AT S, ARHFF
HAIE T AL 1424000 1] IR R Bk 1 3 o 255 DR 4R A
172 M AR BT R SR Vb 1] IR & 2 BB T
e B, S. enterica )6 A4 S i AE T AT 2K
125247 B, B Salmonella_enterica{13/1421} 2 .
() FA R 7 B B, Y T T IR Hh nT RE IS AT LLIX 43t o
2 1P BRI k. AR 77 2 = (R0 I ) A MR )
FAAE, PR R 1] IR 8 08 R B0t 5L.

73— M ¥ A& 4 VR % BR TR (Staphylococcus au-
reus). % 15 NFEFIP-SLAL B ik, I8 51 6 52k f
LA (0 R R, el 2 TR S 51 A8 SUR B P24
PR, CLATE R B A i pl H 28 ™ =1 ) L IR EL 4
S8 BN 7 1) 4 8 ] 48 BR R 2 DR AH S KR IS T 68001
FH CVTree 4 £ 1% L2 B Ik 1) 73 B 7, R 72 1 B 1] ]
R T R (10 T 3K S R R 1) S I A 45 SR AT I R
sk, SEERR T R R K. 5 K5
EAUNE X (N

6.2 2 BRI A% A BIF 5T
PO FOAR% 2R, 3oF R A% A W PR 30 A 27 X B AR

B7 MABREFEABCVTree I8 T 3B Salmonella)g 531
XS H3AS. bongoriF 1421 /™S, enterica K A48 G 1y SR . R4 5 4 64 A 1) 28 (R 41 4 A MR AR R 80 38247, )
Salmonella_enterica{13/1421} £
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FOA . B b U AR A 1 TG 35 10 K Il A B R
A e gt W0 X K R 2 4H (phylogroup) A, B1FIB2.
CVTree I [¥1 Escherichia coli#y B ANMYE X MIX 2470
Forg A, M H IR BUR R 4 4D, EAF KR 70 t IR #F
— A R, KA R L R S BT A
AN AL E AR 7, e A1 CVTree 73 K¢ i R Bk
FEAIEHE . [FRE S M35 Y, IR 1 19440 Ik 1 % Bk
(Streptococcus pyogenes) i [K 2 £ CVTree L 1 4 £
5 iE MR 7y 58 4 — B KR EE R HBH 8 2 s
BeAh — Bk e S ORBE, DA RIS, Bl R BEER B (S.
pneumoniae) ] IfILIF B4 A B ATTAECV Tree b 140 R 2
R, (HIFA—2. 5% 2 ST B (Mycobacterium
tuberculosis) P15 T 2 Q. 7RI IR S A= 4 5 vh 7 sk
60 R TR B 50, BVRK SR S e ik DR AL N/ 5 B8
R BT BAR.

6.3  JHH Ky APyt B

LSRN M B PR B (5 N, B A8 Ik IR SR
A R R I R A . A B A A 3 5 A A
Bl PR35 48 S (5 2 20034E R /AL (RI2E) (Science)
R IR SO Y, WA TR 5E B (Helicobacter pylori)
A8 S S i 1 N e R AE. AE 25502
26 g |1 it T 5 DR A 8 W, 6o Ikt i) T DA R AT B
RN FE. — D ERER), A2 A fE 3 520 1) SE
%, K B UK B B 5 (“Sulfolobus islandicus”, XA~ % ¥
W R B R 2, DRI A KU Bk 4T B 515, BLAE I
CLaH 2% B RO K B G 5 K A [7) #vi R
I BR AR B U . A DNA HL - 22 22 FICV Tree % £ Fif
I3 ¥ 7L IR 5T 3R B, 3 L B AR IR A A RS [ 1
A, 14 8 T A f 3t B AR R (geovars) 1,

27 3Lk

6.4 JHDNAZLZZANRE X 7 B B bk

H 201 21804 f LA J5, DNA-DNAZ& A2 A X 43
A [ 4 B R B bR A T vk AR, A LIl PR AT LA
[X 3 I B Pk, DNA Z2 A8 E e vk 43 8. Bl an, HE 2R #&
X B J& I Yersinia pseudotuberculosis F Yersinia pestis
AN A R FHDNA X 43, T2 A N g WA e A1 9 m )
—ANFh. BRI, XA WA A KRB E RS T
€, B &N T RE G AE B T 5] R A A AR R IR R
fift. FECVTree L IX PRl (0 1 bk BB 20 T, A2 LA BR
PR G 23 (RGO, SN K o A B A LR B B IR
(Shigella) ) 2R Z, VI 25 %5 € J7 15 AR B IR 0 K
At B ) 23 B R, VR 2 NN R Dy 1 s s A R
RN, A N EARE T AR A, f£CVTree F
A ) 5 I MUK AT B — A, #R R A IR
I J& (Escherichia) T W P55 i 51 . 3% — 250 S BUR
A 2 52, 4 S R R F e Ak A 56 FL TE A

6.5 XU & T AR I HL - 0

X[ — ol 240 T PR KB S W R R AT O 02, DARE <3
RAEZURTE Prgath. A0y B ARy 7 R
HIBEBR, o8 — Pl v & . SRR RE I RO RE. SR,
FERLR T AR AR S 45 R BUS, W] DUEHT Rk 10
S PR 4[] L 22 Wt Ut 14 T P 2k PR 4L VR 5 R I C V Tree,
I FLAE LAAE FR) i 38 45 RARTE 2 % A0 BB, 30K RE S
i Bl W 20 R e (¥ 22 57 T T, i v R R AR BER
TNy A B AL, 3K 2K H 7 0 7 20K 32 1) 5 2 AL

AR K RV 2 1), #SOE A& 28 G2 IO TE 4
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Computational microbiology in genomic era
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1 Department of Physics and T-Life Research Center, Fudan University, Shanghai 200433, China;
2 Institute of Theoretical Physics, Academia Sinica, Beijing 100190, China

Microbial genomes and RNA sequences comprise an important part of biological big data. CVTree is a whole-genome
based and alignment-free method whereas LVTree is based on alignment of 16S rRNA sequences. They provide two
independent ways to construct phylogenetic trees and to extract taxonomic information for prokaryotes. The automation
of these two approaches make the study of prokaryotic phylogeny and classification by-product of big data analysis
and come as a rescue to the declining discipline of taxonomy. Especially, the whole-genome based CVTree not only
provides a tool for large-scale study but also possesses high resolution power at the species level and below, a distinctive
feature beyond the reach of 16S rRNA sequence analysis. These methods taken together may open new directions in
microbiological research. This paper is a brief review of our recent work.
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