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FEEE: DU S S 5 SRR AT SRR T A FRIHHE W AR ) 2 A 7y S I TR M AL R 75 A
UL MrBayes BTG, 1B W i BRI B . AR e R o A
SIS R e A AN By IREE SR R P %L, BAE— € E A A5 0 M e b didls
RMS%,

SEEA: ULOFARIRNE, SRR, A REH, ILEE, MrBayes

MRE=R
HEWTE VISR R R UK AR R AN 3 I )52 70 SC AR e o i A o nfe 45 A I AL
A BT S A o S A R 58 R SR HE W — B2 — DR AR A o TS EETT R A DL
Wrsim s 4Ei% (Bayesian tip dating) izl @R it 17— NAIAT IR R 5. S E R
FACATESMEREE RS JOE BT R RE T, el )R AT RETE 70 A F it
SR, RN RE T HRRING . o SIS JEAGE R DL AR A E . %
JiFERE G R IA R AL . SRR A K ARSI, A8 B AR s i
DU e HE SR 5 OR AT SR T AR R G %

A o T U S SRS, IR S A B L. BR TR
SRHEZ A, S8 SR W] LA S IR 20 1 50 dle . X REE S HHE 7
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TR N 44 52 4 (total-evidence tip dating) (Ronquist et al., 2012; Gavryushkina
et al., 2014; Zhang et al., 2016). fiiff] MrBayes 1T 4L & 0 B IIRAE 1] LS %
A—R#AE (Zhang, 2019).

T MrBayes a2 B, 1 Je i E IR RFIEIRASE B ) Mk 8 (Lewis,
2001) , RS ERRE M A ERISFE (fossilized birth-death process) 7Y
(Stadler, 2010), #H W EMBFHIEEAERITEINEERN (relaxed clock) A, &
JE W B AT S BUR K A 1S RS 4K 2 (Markov chain Monte Carlo, MCMC) %
%o BR TR CIRBIN A 241, MrBayes 3847 5K 35 B 2R G (0T A ) AH 5 i 2 R RS,
BI7E MrBayes 2§ help 4. ASCHTA P v AR SRR ERMERE (Zhang
and Wang, 2019).

AR F

1. A AH

2. #{EAR%: Windows. macOS X Linux.

3. MrBayes K Har 24THAT, WHEIEA M.

4. Windows i s &4 R%F (command prompt), macOS u{ Linux /i JH %

(terminal) (& 1).

BEER

MrBayes H R4 3.2.7, AJLLAIIT GitHub #5482 T4 https:/github.com/
NBISweden/MrBayes/releases. T #5247, BAEAEE T HI H s TEIA .
BEAh, BAEHE DOAEAES B AT, INSTALL S fF v 2 it 7 B & 7 3%,
TR LA H IR
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BN S SIRRAT
Microsoft Windows [hx4~ 10. 0. 19042. 870]
(c) 2020 Microsoft Corporation. 1#¥EFTHENAF.

C:\Users\IVPP>cd Documents
C:\Users\IVPP\Documents>mb. exe run. nexg

Terminal Shell Edit View Window He

@ © "% Documen

Last login: Wed Apr 14 19:37:02 on ttys000
czhang@®localhost ~ % cd Documents

czhang@localhost Documents % ./mb run.nexl

& 1. Windows i &R~ fFfl macOS & R

BRIELR

1. WERHIEA MrBayes iy 4 01t
B 64K NEXUS #2 (Maddison et al., 1997). X & —FfhafiwA#g, wf
PAAE ST AR 9 B8 2% 4T JF o ASCT F IR AR A S T 25 00 I e B e L B A2
(Zhang and Wang, 2019). #5407 68 MF, 280 MFE (B 2).

#NEXUS

BEGIN DATA;
DIMENSIONS NTAX
FORMAT Datatype

68 NCHAR = 280;
Standard SYMBOLS = "@123456" MISSING = ? GAP = -;

MATRIX

Dromaeosauridae 0000000000000000000000000000000000000770000
Archaeopteryx 0000000000000070010010700700077070007770000
Jeholornis (0 1)?231117722722722222707727222222722700?7?7
Chongmingia RN NINIINIINNIYNTY
Sapeornis 1010010270777727700107170777?7222770707777007

Confuciusornis_sanctus 1023111270777770001011000012077711711210100

B 2. NEXUS BiE =22 B
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MrBayes AT VS TEBE SIS R, Al U E B SR o AR
AEEAME run.nex B, AL TR SO birds.nex. IXFERUFAL T LA B
2N A SO B — B S AN R 8T, N BT MrBayes i 2 S

2. MrBayes fin& XL Begin MrBayes; 14, L End; 52, f%mAUNS
Wo NTAETIX 7, A3l F A A4
2.0 EREEBEEE M (PR SAENER, BAEATAT). X BRI A 2
AR R — 3R T
execute birds.nex; [read in data matrix]
2.2 HHEVERHEEG AN Mkv (Lewis, 2001), F HAFIE 2 5] 2 5 5 o4 iR
5346 (Yang, 1994). Mkv &AL B HUE A4FIE H A ME— 7T DU AR
K LB TCFK) (unordered, B MY RDIRAS T B NAE R I EUIRE),
XTHFPH (ordered) 4L (RIAHEPIRE R e BRI NHLHPIRGS), FFE
MR FLAEFE R 2 5 s B T
[substitution model]
ctype ordered: 1 3 8 28 31 43 51 56 64 67 69 70 72 74 92 107 117 159

168 176 183 193 205 213 214 216 219 222 229 233 234 249 261 265 268 270;
Iset coding = variable rates = gamma; [Mkv+Gamma]

2.3 HAEF R FEARCUE HHERT (Ma) AEAL . ARIE A R AR R A,
WE A B (uniform). WRACHEEARETER, WBCNEER 1o
(fixed).

AN
i

[tip dates]
calibrate
Dromaeosauridae = uniform(66.0, 167.7)
Archaeopteryx = uniform(145.0, 152.1)
Jeholornis = uniform(110.6, 125.0)
Chongmingia = uniform(110.6, 120.3)
Sapeornis = uniform(110.6, 125.0)
Confuciusornis_sanctus = uniform(110.6, 125.0)
Changchengornis = uniform(120.3, 125.0)
Eoconfuciusornis = uniform(129.0, 130.7)
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Confuciusornis_dui = uniform(120.3, 125.0)
Yangavis = uniform(120.3, 125.0)
Boluochia = uniform(110.6, 120.0)
Concornis = uniform(120.3, 125.0)
Elsornis = uniform(70.6, 84.9)
Eoalulavis = uniform(120.3, 125.0)
Cathayornis = uniform(110.6, 120.3)
Eocathayornis = uniform(110.6, 120.3)
Eoenantiornis = uniform(120.3, 125.0)
Gobipteryx = uniform(72.1, 83.6)
Longipteryx = uniform(110.6, 120.3)
Longirostravis = uniform(120.3, 125.0)
Neuquenornis = uniform(79.5, 83.5)
Pengornis = uniform(110.6, 120.3)
Eopengornis = uniform(129.0, 130.7)
Protopteryx = uniform(129.0, 130.7)
Rapaxavis = uniform(110.6, 120.3)
Shanweiniao = uniform(120.3, 125.0)
Vescornis = uniform(121.6, 122.5)
Qiliania = uniform(112.6, 125.4)
Dunhuangia = uniform(112.6, 125.4)
Piscivorenantiornis = uniform(110.6, 120.3)
Linyiornis = uniform(110.6, 120.3)
Sulcavis = uniform(110.6, 120.3)
Bohaiornis = uniform(110.6, 120.3)
Longusunguis = uniform(110.6, 120.3)
Shengiornis = uniform(121.6, 122.5)
Zhouornis = uniform(110.6, 120.3)
Parabohaiornis = uniform(110.6, 120.3)
Fortunguavis = uniform(110.6, 120.3)
Pterygornis = uniform(110.6, 120.3)
Cruralispennia = uniform(129.0, 130.7)

Monoenantiornis = uniform(120.3, 125.0)
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Archaeorhynchus = uniform(110.6, 125.0)
Schizooura = uniform(110.6, 120.3)
Bellulornis = uniform(110.6, 120.3)
Vorona = uniform(66.0, 72.1)
Jianchangornis = uniform(110.6, 120.3)

Songlingornis = uniform(110.6, 120.3)
Longicrusavis = uniform(120.3, 125.0)
Apsaravis = uniform(72.1, 83.6)
Hongshanornis = uniform(120.3, 125.0)
Archaeornithura = uniform(129.0, 130.7)
Parahongshanornis = uniform(110.6, 120.3)
Tianyuornis = uniform(120.3, 125.0)
Yanornis = uniform(110.6, 120.3)
Patagopteryx = uniform(79.5, 83.5)
Yixianornis = uniform(120.3, 125.0)
Piscivoravis = uniform(110.6, 120.3)
Iteravis = uniform(110.6, 120.3)

Gansus = uniform(113.0, 120.3)
Ichthyornis = uniform(70.6, 94.3)
Hesperornis = uniform(66.0, 84.9)
Parahesperornis = uniform(70.6, 84.9)
Enaliornis = uniform(100.5, 113.0)
Baptornis_advenus = uniform(85.8, 89.3)
Baptornis_varneri = uniform(70.6, 84.9)
Vegavis = uniform(66.0, 68.0)

prset nodeagepr = calibrated;

2.4 AAmidFE (fossilized birth-death process) fENREEIH (timetree) 4G
5%, M THIAISE 7 (speciation or birth). K44 (extinction or death).
A RAE (fossil sampling) FIELA RHERAE (extant sampling) . X1
PUAEZEHE (AOFNR), IXEATH 7 24K FE (diversified sampling) (Zhang et
al., 2016), ELBENIRFE (random sampling) B /&45& X M. X TR K
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2.5

FERFNAKIE R, 7] DMREREER (=diversity JEH B 545 W), ]
LA RIS A2 H)  (=diversity & ETZAGAKAE . 20 MUK 28 I 7 0l 1 L
ARAR N 8] fAS ORI B2 S T)) o B, X BV B T A A R A ] | 73 Dy
VUBL, 73 5l p NPEL, KA E . DA SRR RFE LU 8 %€y 0.000
2, RIAEA TR XS ARG py b 5 A B S YR A L

MrBayes WL KHERAAT R AL B SAAMNN: a FfhdE (757
BRI DKAIHE ), b X KAEER CRAAFEFIR RIEE), o XAk
PRI (1 R 3R PR LUK 28T Z A R 3R 2 ) o 35 M 2 HUE M
0 B9, Jam#FBUEHAZM 0 2 1, Lot seitd 246 1 7 ME N 0.01 /Y
R Sete (FEEI 0 BIT053), AR K2 Z AR A A R A H] T
B Aidele (B8 1 MR iZ A 9 0 2 1 i) 7041

e, AEMEREUARE (RT3 FEHG) W DvEia %, BHRE
JeliorAn. RESEHIEP RS ZHA (k) WEANRME 153 AAE
Hi, $ME 169 HAER KWz TEE A e 163 2855, HBER [H) 1S hnE
REEEAR). BR T IREU A5k, MrBayes 45 3521 534 N5 4347, IEZS A
X B 70 AT AR 2 P D Rk £

[fossilized birth-death model]

prset brlenspr = clock:fossilization;

[diversified extant sampling, followed by 3 fossil sampling rate shifts and 1
speciation rate shift at 66 Ma, extinction rate is assumed constant]

prset samplestrat = diversity 3: 145 100 66, 1: 66;

prset sampleprob = 0.0002; [two out of about 10000 extant species]

prset speciationpr = exp(100); [net diversification rate, d]

prset extinctionpr = beta(1, 1); [turnover rate, V]

prset fossilizationpr = beta(1, 1); [relative fossil-sampling rate, s]

prset treeagepr = offsetexp(153, 169); [root age]
TERA BT RIR T TR AR AR B BT A 28 AR AR . I BLR A T sz A
orAh (ED ¥ white noise) 1% (Lepage et al., 2007), ‘& bt E MK HIXT
BOER AR E &S IX MR (Zhang and Wang, 2019). ##i#E % (base
clock rate) & T —N59ME B (NS a4m), HfEN 0.02 briE%N 0.014,
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EV4F B 95 50 MFETHA — R AR T ZWBOR. B 75 oA
bb, FEEE ISR LR AN BOIES Ak . ANE B A FER
R ERATEAR EA BT, (HAE R R ) e e (R ER5E B
Jalir) Kl — BRI K, BEOIHARTES ARSI R T R WER. B
ZY0H A 2% (Zhang and Wang, 2019).

[relaxed clock model]
prset clockratepr = gamma(2, 100); [base clock rate]

prset clockvarpr = igr; [independent gamma rates]

2.6 FEEFSNH, R OERRE, PR AE BN R A E . (HE

TR AE ZEAE AR T BEAR AR Rl 2 AT 5 B0 AR EE B0 AL b TV HE AR 2 AR
X, FEEAE A IS SRR . N EhE RSN, AR AN

R (Be) HEEROWANEE . BAEIEE LT VRIS It. wafi ] 1A
A PRAIR LA BRI, DL IR AR AT R
[topology constraints]

constraint Aves = 2-.; [ingroup]

constraint Pygostylia = 4-.;

constraint Ornithothoraces = 11-68;

constraint Enantiornithines = 11-41;

constraint Ornithuromorpha = 42-68;

prset topologypr = -constraint(Aves, Pygostylia, Enantiornithines,
Ornithuromorpha);

2.7 &K% E MCMC iz47Z%. MrBayes ZRl [N igiT Moz, &4
IEHEAFH U4 MCMC % (Metropolis-coupled MCMC), Hidr—4 %48, M
TWESHRE AR, HR e, HTHB MCMC BlER S 2, XE
wE T MCMC #K A 5 T M, & 2 TABHFE—k, &5 mEFwmt—
BB, 50 JifUIHHE— RN IBHE AL RENFIbRMEZE  (average
standard deviation of split frequencies, ASDSF). ASDSF &l 1 W ikiz &
MRS B RE, AR s AR Sk, PRig & ASDSF Mizd%ir T

—fdt ASDSF /T 0.01 /24 MCMC iz IS IiE Rz —. Asb—A1H
TS BINABREAR RN (ESS), —RE/ADTFHE ESS #i KT 100. ESS
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EFRIZHH )RR AT (RAEE, PAEA 95% I EXIH) H sump 75
F, 1M sumt FH T 45 50% % & E M (majority-rule consensus tree). ‘E1i]
ERNAR 25 MCMC FEA [ HT 25%1F 79 burn-in.,
[MCMC settings]

mcmcp nrun = 2 nchain = 4 ngen = 50000000 samplefr = 2000 printfr =
50000 diagnfr = 500000;

mcmc filename = birds;

[summarize tree and parameters, default burnin fraction 0.25]
sumt;
sump;

3. WEREFEIEMA S S, ST E T . X BER% Windows H MrBayes
PAT CAE 4 FR A mb.exe, macOS E{ Linux 4 F7 N mb, ¥ SC i 455 A bi
rds.nex, & RN run.nex, EATEER—HE T,

FEATATH, el ed &Rt Nz, ARJEIE1T MrBayes BT aRiz A (B 1)
o IEEIHN T, MiZEIWES] MrBayes Mt (B 3). SSfFit R4 ARSI,
PR FPAEIBAT R P 2 0 ) AR 1], 3 A B0l Aot P A N L i RO 75 22— 38 4 R ) I
. M MPL JRATIHHE AT AE UM 58 GFATHRCARR) MrBayes i 24 ]
macOS &Y Linux &4t M\IEARS S 3E)

RN, SAER—1U tre R, RN ERFEA LR 50%
ZHEBEW. ZXMHTH FigTree 1M (http://tree.bio.ed.ac.uk/software/figtr
eel). LR LIZ% Zhang and Wang (2019).
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MrBayes 3.2.8 x86_64
(Bayesian Analysis of Phylogeny)
Distributed under the GNU General Public License
Type "help" or "help <command>" for information
on the commands that are available.

Type "about" for authorship and general
information about the program.

Executing file "run.nex"
UNIX line termination
Longest line length = 114
Parsing file

Reading mrbayes block
Setting autoclose to yes
Setting nowarnings to yes
Setting userlevel to Developer

Executing file "birds.nex"...

UNIX line termination
Longest line length = 377
Parsing file
Expecting NEXUS formatted file
Reading data block
Allocated taxon set
Allocated matrix
Defining new matrix with 68 taxa and 280 characters
Data is Standard
WARNING: MrBayes does not support 'symbols' specification; default symbols assumed
Missing data coded as ?
Gaps coded as -
Taxon 1 -> Dromaeosauridae
Taxon 2 -> Archaeopteryx

& 3. MrBayes 512 5 1 5 R4 H

INEEEW
AR T WA MrBayes #EAT DU 320 i€ AR 20 AT R BR0RRE 32 BEALHE T AR A
, MERBEE, MRS BT AEE LR

HT MCMC Hy BTN, BRI s IS R 2 DG A E . BAR
THOLE, ANEWIEEA R B ER M fhiit, Bk, ANFRMSLE SRS RN %
FZEAK. XA LLEE P RIE I SHEA (W Tracer BAHTIF .p 45 RRHILC
), 2% ASDSF fl ESS {H.

N R B IS S 45 25 AR K, AR W BE MCMC S8 % A 8L (convergence),
BE AN FEHEARE T RWR A A FIEEM T S8R A  (mixing) B 2. A& —&n]
Lo MCMC K (ngen) kel Ja28 AHXS R AE, A s G340 #eaE A~ 5
(nchain) JFEEAEEEE (temperature) RECE, HRZEUE N N BRI AL
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5 1
St

Boig
J

2%
1.

10.

WHE, TR AR AR NGE R IR AR TR, I E MCMC B84 5 Rk
RIFIRE

bio-protocol 4% TAF LL K& [F4T & KN E 2 00 W
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