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: ZEHEE X (Multiple Sequence Alignment)

seq_A Al G| C A AT | T]|G
seq_B Al G| C G A G | T/|G
seq_C A|lC|C|G|A|C|T|G
seq_D A|lG| C|A | A|C|T G

: RE K R (Phylogenetic Tree)

— seq_A

— seq_D
— seq_B

— seq_C



RERENERIRE

© ARAERANE  ARBENELDRE (REELER) T,
A RTINS RO R

o R p(MSA|tree)

» ETHRRBPERTTEZEKE Tp(MSA|tree)NitHE

— seq_A

— seq_D
— seq_B

seq_A Al G|  C A A T|T|G
seq_B A|lG C/ G| A|G TG
seq_C A|lC|  C|G|A C|T)|G
seq_D Al G|  C A A C|T|G

— seq_C
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s BMNXEBTETLRYN, FREINITERBHE—=FDN
l_ seq_A
seq_D seq_B seq_A
E seq_ B seq_C 3_1_ seq_D
seq_C

- EEERINA
« WHYFRFINES
o WHEMIBHNKE (RHUESR)

» MFEREUAENNEINFSY, HEERERBLYDINFS

s BIRIRARRT —REAEE, BRRITENERBA
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seq_A Al G Al A | T | T)|G
seq_D AlG|C A|A|C | T]|G

[

seq_A seq_D

© BRI S 2 p(seqalseqpi ) = p(sedplseqs; D
RFERUIEBIT, WHP—RFFIE D B—RFHI0HE

s NAIRMERE F B R Ha e A

==

p(seqalseqp;l) = ﬂp(squilsqui; 1)
i



RS ki

o BYRMLEKLEFE P o Al G €| T
A | 08 | 005 005 01
H—1THFA1
G |005| 08 | 0.1 | 005
c |oos| 01| 08 |0.05
T | 01 | 005|005 08

s BUERBETUEERTESERNEE, BEEAESEEM,

F%51 0] g
AEERKELRBET, T :

ERE N T EDIBIN, b0 EE AR RAERAERE,

A G C T
A 06 | 0.1 | 0.1 | 0.2
G 01 | 0.6 | 0.2 | 0.1
C 01 | 0.2 | 0.6 | 0.1
T 02 | 01 | 0.1 | 0.6




RS ki

« BMIRIEEY IS AEAEFIRNRE PO
- BEXHEZDRBRIIERER
« P(0) =1

. dP(l)

=Q-P(l), BIP() =e?

« Hrf, QEWBEB MR [EH BRI,
Lean Al 6 | c | T

-0.1 | 0.02 | 0.02 | 0.06
0.02 | -0.1 | 0.06 | 0.02
0.02 | 0.06 | -0.1 | 0.02
0.06 | 0.02 | 0.02 | -0.1

- O O >
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c B HIE, AREFSIORS. HEKE RINDSETER—
S AL MR
o SRR E—TRK ASHI0K, XERNBEN LS |

seq_A Al G| C I A|A | T|T.|G l
seq_A
seq_D Al G C A A C T|G

seq_D

BB R QI T
A

G C T
0.1 | 0.02 | 0.02 | 0.06
0.02 | -0.1 | 0.06 | 0.02
0.02 | 0.06 | -0.1 | 0.02
0.06 | 0.02 | 0.02 | -0.1

-S| OO P>
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« Hi, REPQ) = IHEPG)FP(10), HRMTAE
P(l=5) P(l = 10)

A G| c | T Al G | C | T

0.64 | 0.08 | 0.08 | 0.20 0.46 | 0.14 | 0.14 | 0.26

0.08 | 0.64 | 0.20 | 0.08 0.14 | 0.46 | 0.26 | 0.14

0.08 | 0.20 | 0.64 | 0.08 0.14 | 0.26 | 0.46 | 0.14

0.20 | 0.08 | 0.08 | 0.64 0.26 | 0.14 | 0.14 | 0.46

-S| o>
-1 O P>

» RERBASMNERER, TESEERERT, WNEIXMEFT

ML
i p(seq,| seqp;l =5) = 0.647 x 0.08 = 0.0035

p(seq |seqp;l = 10) = 0.467 x 0.14 = 0.0006

seq_A Al G| C A A T|T|G
seq_D Al G| C A A | C|T)|G




A% ERBATE

seq_B seq_A

LEWEMAEC, ETE

SRR p(MSA|tree) ? seq_C seq_D

T AEERA-FRR6F S R REN LR

p(A,B,C,D|tree) = Z p(A,B,C,D,E, F|tree)
E,FE{A,G,C,T}
= Z p(F)p(A|F; LyF) p(E|F; lgp)p(B|E; lgp)p(C|E; lcE)
E,FE{AG,CT}

MR R E



RU% ERNIARITE
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C C

seq_ B seq_A
seq_C seq_D
seq_A Al G|C A A|T|T|G
seq_B Al G| C|G A G TG
seq_C Al C|C|G A C| TG
seq_D Al G| C|I A A C | TG
p(A,B,C,D|tree) = Z p(A,B,C,D,E, F|tree)
EFE{AG,CT)
= Z p(F)p(A|F; lsp) p(E|F; lgp)p(B|E; lgp)p(C|E; lcg)

EFE{AG,C,T)
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tree” = argmax,.. p(MSA|tree)

B —RRLHRN (BIREHBFMIRK) |, EEURREp(MSA|tree) i X

naive F918;% : 18 /5 575 o BEHIFYT ?



WS HY

BREZg]

4

A ¢ AE caAB g A A€ gaDd.
S S e D e A A D
B D B D E D B D B n e o

& A B A EgaCpgcAga n T,
R O NI SN T RN TN
B C D c D E D E B & 3 1
4 3
A B A E AD BD% B Al 5 15
= L E S fos
D C E C E C D
1 945
8 10395
N “E N 0 135135
s N MMM ENELIX3X5X X (2n—! 10 2027025
20
/I\ 20 ~2.22 x 10

50 ~2.84 x 1074

HREWEN, FKNREZEBEEKR (SHREEEHEHEX)



RAUARNBEANRE

. %?KL’I‘)W]&‘W&E’\PI‘X\J‘ R BUA R A R, FAPBUH Y JT0X

EWLEH, HMAFERNKE LH%*%E%%EJEE)

seq_B seq_A
seq_C seq_D

L(ler) = ) p(B, CIEYp(EYP(FIE; Ler)p(A, DIF)

« LI EEH

seq_ B ] l_ seq_A seq D seq_A seq D seq_A

seq C seq D seq_ B —r{ seq C seq C —T_E seq B
XNT—FFEMNL, SHABAZENOEDFR—HF =M
EFUARSH—M

Guindon, Stéphane, and Olivier Gascuel. Systematic biology, 2003
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p(MSA|tree) p(tree)

1) =
pltreel s ) = 5 (MSAltree) p(tree)
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DAt Er &t

e EE oL 0

—~
p(MSA|tree) p(tree)

Yiree P(MSA|tree) p(tree)

p(tree|MSA) =

[T J

n Ty

SEETF, METATROMRIZRTEY :
5 15
6 105
3 945
8 10395
9 135135

10

20

50

2027025
~2.22 x 10%0
~2.84 x 1074




OIRBE R BB K A= (MCMC)

MR &
0.3-
o FeMBp(tree*|tree), HTHFHI
Ppropose—ARHTHY
5 0.2: y i‘l’ﬁpaccept =
[}
(é_’ _ (p(MSA|tree*)p(tree*) )
min ;1
01- p(MSA|tree)p(tree)
* ?ﬁ?ﬂng\paccept;%i:ﬂ.%%:%§
- proposal, MRIEZEF, LXK

5.0 25 tolo 2'5 5.0 e R ST
s ETEINWEES FIARE

i EOTDUIERR, FRAIRATE MR ES, IRMER D fp(tree|MSA),
BN o] UE & SR I MR A KA
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® PHLIP | SR KA
® MrBayes : TUMHr & 3%
® MEGA : s K{RE
BIRKIE

ABC it 3% FSARSTHZ MI205% 148 55



PHYLIP (R AR{IARZE) MBI

gLy

% 51 L XS

bootstrap
replicate

|

® HITZFILLXT, AR phylip & NAYEEXT 45

® f PHYLIP =4 bootstrap replicate (fAFEAKR) ;

® FE AMAERR (Maximum Likelihood A9 &1L 4,




ClustalX# 1T % F5 51 Eb 39

Mode: Multiple Alignment Mode + Font:

TOR2
HEO1
HK02
HE02
SG01
5604
3605
EU01
w02
W04
TWOS
TWOE
W07
TWOS
BJO1
BJ02
BJO2
BJ04
GDo1
sl

Output Files
CLUSTAL format
[] GCGMSF format
[[] GDE format

[[] FASTA format

GDE output case :

[] WBRF/FIR format
PHYLIP format
FEXUS format

Lower -

CLUSTALW sequence numbers : Off -

Output order :

Parameters output :

Migned ~

nEf -

20
a:01
S04
SE05
ET01
HEO1
TORZ
THWOZ
TWO4
THOG
oY
THOS
THOS
HEO3
=01
EJO1
EJOZ
D01
EJO3
EJO4
HEOZ

30

COTTGGTTAL
COTTGGTTAL
COTTGGTTAL
CATTGGTTAL
COTTGGTTAL
COTTGGTTAL
TGCCGGTTAL
CGCCGETTAL
CGCCGETTAL
CGOUGGTTAL
CGCCGETTAL
CGCCGETTAL
COTTGGTTAL
COTTGGTTAL
CGTTTTCTCC
CGTTTTCTAL
COTTGGROC0C
COTTGGOTAL
COTTGGTTAL
CGTT%GCCAH

COCCTTCOCT
COCCTTCOCT
COCCTTCOOCA
TTCCTTCOCA
COCCTTCOCT
COCCTTCOCT
COTTTTCOCT
COTTTTCOCT
COTTTTCOCT
CCTTTTCCOCT
COTTTTCOCT
COTTTTCOCT
COCCTTTTTT
COCCTTCOCT
COCCGGROCT
COCCGGROCT
COCCGGROCT
COCCGGROCT
COCCGGROCT
COCCGGTTTT

TAALARTCCC
TAALARTCCC
TAALARTCCC
TAALARTTCT
CAALARTTCC
CAALARTCCC
CAMLARCCCC
CAMLARCCCC
CAMLARCCCC
Chd i ACC00
CAMLARCCCC
CAMLARCCCC
CAMLARCCCC
CAALARTCCC
CLGLCCTCTC
COGAALTCTC
COGAALTCTC
CLGLCCTCTC
COGAALTCTC
CAALARTCCC



FJ PHYLIP =4 bootstrap replicate

7= 4 bootstrap replicate({HFEZR),
D:

o000 000
S EITITTES

G/ T YLE
PAREAR = A vk

5RaF5—ikgn

H2EAE L R/NESE, BN 1, Be{EEUUE.
PR R EE, BA 100 4.

By N SCAF AR i AR AU
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phy SCAHF#&

SN ZRFF 2L



DNAML#4 & 3 L4

= Exphylip-3.695\exe\dnaml.exe — O >

® ZHS: WE TN AW R AE KK KIS
® UG WEMANEII RS EIAIT 5



PHYLIP :

SG04
SGO1

TOR2
uso1

HKO01

HK03

BJo4

HK02

EU01

GD01

BJ02
| BJ03

BJ01



MrBayes

Choose a
starting
tree and maodel

Current
tree

Accept or reject
the proposal

Add tree to
the sample

Calculate the
posterior

for proposal

T

Randomly propose
anew tree

(JP Huelsenbeck et al.Bioinformatics,2001 )

1. Read the Nexus data file
2. Set the evolutionary model
3. Run the analysis

4. Summarize the samples



1. Read the Nexus data file

MrBayes = Execute ../SARS/SARS.nxs

Executing file "../SARS/SARS.nxs"
[gaojd@mendel SARS]$ less SARS.nxs DOS line termination
#NEXUS Longest line length = 44
Thl ] Parsing file
E’I?{JIN E)ATA, _ Expecting NEXUS formatted file
dimensions ntax=20 nchar=30; Reading data block
format missing=" Allocated taxon set
interleave datatype=DNA gap= -; Allocated matrix _
Defining new matrix with 20 taxa and 30 characters
. Missing data coded as 7
matrix Data is Dna
SGO1 CGTCGTTCACCATCTATAGTACACTCCCTC Gaps coded as -
CGTCGTTCACCATCTATAGTACACTCC-TC raxon 1> 50l
i e - - g g axon 3 ]
CGTCGTTCACCATCAATAGTACACTCCCTC :

Taxon SGO5
EUO1
-> HKO1
-=> TOR2
N I . I o - Taxon > TWO2
TGCCGTTCACTATCTACAGTACACGCCCTC T 8 2 Thoa
CGCCGTTCACTATCTACAGTACACGCC Taxon 9 -> TWO6
GTTCACTATCTGCAGTACATGCCTTC Taxon 10 -> TWO7

CGTTCACTATCTGCAGTACATGCCTTC Taxon 11 > T

. R - e n - S - axon 12 -> TWO5

GCCGTTCACTATCTACAGTACATGCCTTC Taxon 13 -> HKO3

CCGTTCACTATCTGCAGTACACGCCCTC Taxon 14 -> USO1

CGTCGTTCACCATTTACAGTACACGCCCTC Pm" 5 - E?lgl

CGTTGTTCACCATCTGCAGTACACTCCCTC Taeor 19 2 ol

CGTCTCTTCCCAGCTACGACACCCTCTCCC Taxon 18 -> BJ03

CGTCTCTTACCAGCTACGACGCACTCTCCC Taxon 19 -> BJ04

CGTCGCCCCCCAGCTACGACGCACTCTCCC Laxon S H'““i o

I I SuccessTully read matrix

{:{fT{:{f{-TTA{:(:A{f(:Tm:(f%{:A{:(-{:T{:T(:{:{: default partition (does not divide up characters)

CGTCGTTTACCAGCTACGGCACACTCTCCC Setting model defaults

CGTCGCCCACCAGTTGCAACACACTCCCCC Seed (for generating default start values) = 1515725017

Setting output file names to "../SARS/SARS.nxs.run<i>.<p|t>"

Exiting data block
Reached end of file

CATCGTTCATCATCAATAGTATACTTCCTT Taxon
CGTCGTTCACCATCTACAGTACACTTCCTC Taxon
CGTCGTTCACCATCTACAGTACACTCCCTC Taxon

OV A WN e

o




2. Set the evolutionary model

MrBayes > lset nst=6 rates=invgamma

Setting Nst to 6

Setting Rates to Invgamma
Successfully set likelihood model parameters

® Nst 21X E&HIERE! 6 EGeneral Time Reversible (GTR) model, £
REEMIERZ BB HRERIYAEEF (C42=6 5

® gamma ({5 [8)E#IEZX T ARMgamman T



3. Run the analysis

MrBayes > mcmc ngen=20000 samplefreq=100 printfreq=100 diagnfregq=1000

Setting number of generations to 20000
Setting sample frequency to 100
Setting print frequency to 100

Setting diagnosing frequency to 1000
Running Markov chain

MCMC stamp = 7107536226

Seed = 1537625422

Swapseed = 965369756

® Ngen (number of generations) & & T EHAREL

® SamplefreqE X X 8EEUAE RIS

® DiagnfreqBRIAIEI000R I HARES (HH7) BOBHT, FIETNRY
fe<filename>.mcmciy 44,

® Seed ZFEMEU™ 4 mrBEA | ) A9 — AP T EUE

® EIMRST, bayes=EIBIEFTA N (Nruns = 2)5E &30 AY1E R A B A9FE
M FF a8 B9



AR ERFEIMARIRE S

[ID: 7107536226]
Gen LnL
0 "
100

200

300

400

500

600

7600

800

r(A<->C) r(A<->G) r(A<->T) r(C<->G) r{C<->T) r(G<-> i(A) pi(C) Dl(b pl(TJ alpha pinvar
g .859166e+00 .993839%e-02 ’.9269379-01 1.568 - 2749 : . B 3 755909e- 2.058344e-01 .708123e-01
.716744e+00 -02 4. 8 1. : 3. 8 708123e-01
.450949e+00 -02 . 56e-0] 1. - 4 3126e-0: 3.011068e-01 735539e-01
.760605e+00 -02 . 56e- . 4 ) 3.011068e-01
.777734e+00 -02 . - .92 -02 13126e-03 .011068e-01
4 -02 . -01 - 9.870466e- 03 .842009e-01
-02 4.318916e-0] 3] . 650579¢e-01
-02 4 g 8 650579e-01
.805930e- . de- i 08e- -2 .004594e-01 .580733e-

. 728026e-
.434678e-

.817125e-
.606966e-

WWRWwWwwN o

N R e
el el el el e e

3
3,

3

: - 4
.60 - 3
3

3

3

3

B SRR YRR 4 B RYIDS
E2T AR, MZEBIERXA
1) %% (the generation number, Gen) ;
2) A EMUSRIE (the log likelihood of the cold chain, LnL) ;
3) #4< (the total tree length, TL) ;
4) 6/NGTRELZE S (the six GTR rate parameters, Zr(A<->C), r(A<->G)&) ;
5) ANIZE R &K £ 5K (the four stationary nucleotide frequencies, #pi(A), pi(C)Z) ;
6) LA E R T Gamma D T BIFL IR S 2L (the shape parameter of the gamma distribution of rate variation, alpha) ;
7) NEARL AL (the proportion of invariable sites, pinvar) .



4. Summarize the samples

Overlay plot for both runs:
(1 = Run number 1; 2 = Run number 2; * = Both runs)

+ -222.54

21 1 2 2 22 22 2 *
¥12 022 11 21 1 1

2 21

+ -239.44

80000

® sumpii S B ILAEM—EL (ngen) FXSEULIRE (the log
likelihood values) FYXRE., MRS ITREELEBTTIE, BE
R, HELEASETENGESE, MREEA EFHHE TERN
@, R EEKO R A MRS D ERR S R,



4. Summarize the samples

95% HPD Interval
Parameter Mean Median

.616051 .109078 .027827 .302609 .596137
r(A<->C) .061382 .001414 .009900 .133501 .052353
r(A<->G) .450887 .010049 . 246358 .640673 .458672
r(A<->T) .043247 .000990 .000019 .109993 .036380
.019068 000321 .000095 .053759 .013027
.279824 .006599 . 144515 .449598 . 273725
r(G<->T .145591 .003043 .044046 .247183 .139208

pi(A) .164983 .002528 .075426 . 260346 .161117
pi(C) .398525 .004010 .273514 .514495 .398717
pi(G) .144113 .001902 .060482 . 221567 .141301
pi(T) .292379 .003115 .195922 .401034 . 292907
alpha .706789 .039074 .453895 .498836 .501712
pinvar

* Convergence diagnostic (ESS = Estimated Sample Size); min and avg values
correspond to minimal and average ESS among runs.
ESS value below 100 may indicate that the parameter is undersampled.

+ Convergence diagnostic (PSRF = Potential Scale Reduction Factor; Gelman
and Rubin, 1992) should approach 1.0 as runs converge.

0 XBHMNEWE (Mean) . = (Variance) . 95% 0] £ [8][X (Credible interval) BT
5 (Lower) #_E5R (Upper) . F{I{E (Median) FIPSRF (Potential Scale Reduction
Factor) .

® PSRFFTESEMBELRINE T (PSRF) LR —FSISHI T, MRDITRMIE, %
BENELLO; RAE, NWFBREKNEETO



4. Summarize the samples

Clade credibility wvalues:

® YK T]{= ERfclade credibility (posterior
probability) values) |, FE#7E T END
4r1%(branch pattern) 1y /5 5%

BJO3
BJ02
GDA1
HK02

BJo4 (19)



4. Summarize the samples

Phylogram (based on average branch lengths):
/--- SGOL (1)
I SGO4 (2)
/--- SGO5 (3)

e ® R GRS Hi FdCbranch lengths
measured in expected substitutions per
TWEZ2 (7) Slte

 wes () ® ERMKESHBREGEEHEX

TWO6 (9)

HKBOL1 (5)

--- TOR2 (6)

N---- TWO7 (10)

\N---- TWe9 (11)

|
|
|
|
|
|
|
I
.
|
|
|
|
|
|
|
|
|
|
\

TwWas (12)
HKO3 (13)
usel (14)
BJol (15)
N\--- BJO3 (18)
BJoz (16)
GDO1 (17)

HKO2 (20)

0.050 expected changes per site
Calculating tree probabilities...
Credible sets of trees (1198 trees sampled):

ble set contail 598 trees
lible set contains 1878 trees




MEGA (B A{IARE) @R

M7: Alignment Explorer

Data Edit Search Alignment Web Sequencer Display Help

®Ww| =

@AWY 0l oBRIBX¥ BB ar  MAHH R

DNASequences Translated Protein Sequences

Species Group Name |
1. TOR2
2. HKO1
3. HK02
4. HK03
5. 8G01
6. SG04
7.5G05
8. EV01
9. TW02
10. TWO
11. TWO
12. TWO
13. TWO
14. TWO
15. BJ01
16. BJOZ
17.BJ0:
18. BJ04
19. GDO

*

DNA
Pairmioe Ab |
Gap Opening Penalty
Gap Extension Penalty
Multiple Alignment
Gap Opening Penalty
Gap Extension Penalty

DNA Weight Matrix

Transition Weight

M7: ClustalW Parameters — O X

=

o
&

iI




m MEGA 7.0.26(7170509-x86_64)
File Analysis Help

= TA wp
= ) =
Align Data
® | =
Help Docs Examples

MEGA release #7170509-486 64

Models Distance  Diversity

£ N il

- - -

X ] 1 -

3 Construct/Test Minimum-Evolution Tree...

&5 Construct/Test UPGMA Tree...
Construct/Test Maximum Parsimony Tree(s)
|

Open Tree Session

= (=7

Citation Report a Bug

e 9© £ | @

Updates? MEGA Links Toolbar Preferences

-

®

Phwz' User Tree  Ancestors  Selection Rates Clodks

[ InL  Construct/Test Maximum Likelihood Tree...

-

¥

Diagnose




MEGA 7.0.26(7170509-x86_64)
| File Analysis Help

= Ta =f | Y s I - -+ SR - 1 s ol ¥t s -

Align " Data v Models N Qistau' Diyersity T [ M7: Analysis Preferences — O X
TA| = Optens Summany

s & || Close

+ + || Data

Sdoﬂcodonw Elu..gﬁ [3rd [“Noncoding Sates

b im0
ML Heuristic Method Mearest-Neighbor-Interchange (NNI)
Initial Tree for ML Make initial tree automatically (Default - NJ/BioNJ)
Branch Swap Filter MNone
System Resource Usage
Number of Threads 1
® | & £ SN T [ compute] | X cance |
Help Docs Examples Citation Report a Bug ot =

MEGA release H7170509-486 64




r BJO1
BJO3

46

84 BJ02
31 I_— GDO01
BJO4

—— TwO09
TWO06

Uso1
— HKO3
— TWO02
65 3 TWO04
78 TWO05
32
TOR2
HKO1
SGO1
SG04

SGO5
—!

0.050

EU01

TWO07

MEGAS AU 247



ZERILE -

BJ01

BJ03
B - . = [Roz ]

BJ02

B2 84
| ° o _1|— GDO1

PHLIPER R{AAIE MEGARR KR %

N Hri%
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