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B VI D 270 5 TR AP 22 01 72 (R R AT R e e A B2 ) DLt
W R SR, PR A DU S e AR G E B 2 I Rl A A Kl
PR A AT, DA J0r S0 2 AR AT B2 A S AE R AT T SR 10 g 52 23 eI [A) o {5 B BEAST
2 AR, ASCBON VRN 7R DL S0 5 4 R A RAE D RN B i, Ay %7
IR I PR

KEIA: DUt s sE . BEAST 2, 73 meif(a], 4r-1of

MRE=R
PEADSAE IR D 52 03 e Ik 8] — L AR A T BB AT A ) AL (B 5 T S i 2
ANHRRENE,  Un AR AR HE T 50 57 B 18] K YT IR AR T A5 A Bkl ARl 207 Bt Bl 4
AEREIRR UGERR (nor18) 1kRe, DI e FEikin R s 7z xR
TEAPLH] o 12050 B AR AR . SRR R RSN — DA SE T 2 o i
HEZE R, RS SN SEIR AR, ATk SRS (R 4 36 73 52 5 572 Bk 1]

H I DU Hr g SE D59 Ay A S, — 2N RUESE (node dating), 73 —2R2 3¢
S E (tip dating), H BT UM AL HIE B Y mUg St n 5 B AL
MR AT RAHE AR G R A IR0 00 PR BT o, R T Ao R 8 PR 8 4 s 1 90 2 )
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(e.g., Drummond et al., 2006). X —&7J5 ki85 B TS AR . SChiE
R ERA A E R, TR AL A SEREFINAE N R G0 A Bt AT 0 i,
T A AR H P T 5 4 B 1] (Pyron, 2011; Ronquist et al., 2012).

S E TR EE T U AR B T AR 0% .t L, SO T LR
MR LA R RS EE , AT AT BT & 43R4 32 0 7€ 4F (total-evidence tip
dating) 734, HT —MRICEIRE AT 78, EAA RGN E BT SH
Yo okoE . LR, 3o e A R] DA AERI 5 FTit FU R G I A A A i sk, R
TE AN PIE 5 3T s R R T B A e . B =, S A R R ARIE A B S EAR
B R W E N AR HE e, 0 /% B9 R D s 0 S I 1) g ) Bk 26 Gt T 70 A1 DAF IR JFE I [
oo RERCERE R R R 7 A A SRR FE R AL AE KL #E (fossilized birth-death
process, FBD) A (¥4 (Stadler, 2010), SZuiEFEAFR] T V2R H . BAR L nT
AR S BRI DL R 5 S TR) BOR B AN 73 e AR AR A, DA AR YR B SR AU 15 100
W B 2R R FESENR % (Gavryushkina et al., 2014; Zhang et al., 2016). Z T} 5t 4%
e DU 30 5 S 5 4 £ AR I SRR I s 23 S S (8] 07 TR AT R4 i AR M FORS R I (G
Gavryushkina et al., 2014; Zhang et al., 2016; Luo et al., 2020).

&8 BEAST 2 # 4t (Bouckaert et al., 2019) % Tracer (Rambaut et al., 2018)-.
FigTree (http:/tree.bio.ed.ac.uk/software/figtree/) Z&i i, A 0¥ o DL 3 S i o 4F
R SR D RN 5 B

&

BEAST 2. Tracer. Figtree 7 Windows. Linux. macOS % Liiit HHLEE RS T
a7, FHHEA . mTRETR, A3CER macOS Big Sur (11.0.1) R4 T
AR LI ANAR .

R AR R R T H Mt

BEAST 2 4E /R T KAE 4R % (MCMC) S35 7T F2 UL 357338 4k 23 1 T U 40 Bl
fFo BT THENT AV RBER D7 2 70 it a), EWa] DUH T ERG KR, &
RS MIR A TR /N S R I R 5545 (Bouckaert et al., 2019). f1 BEAST
1 ANF, BEAST 2 KHS TGRS, SRS, af DOdE i D B sl R i
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WA ZFhDi6e. BEAST 2 8- B 25t MCMC 737 () BEAST #2748, i&4iA
BEAUti. LogComiber. TreeAnnotator 55 2 N85 0] M/ERTEAS L B . 5 HA%E B
L7 HR AL B .

BEAST 2 %44 nl LA E 7 W3 https://www.beast2.org N AR . H2edib
BEZ IR T H#O e ) README.txt SCfF . AR A B85 I i BT hiiA BEAST
v.2.6.3. BEAST 2 [WIEH 1T T Java v8 B m A . [Kitk, F¥itwed Java L
{#iF BEAST 2 [#)1E | 1547 . Tracer 1 FigTree 743 F T-¥ BEAST 70 #r 45 S AT #i Ak,
MNTT 25 1% 25 B3k 47 10 € AAgEHT o 73 3w LA https://www.beast2.org/tracer-2/ 1
http://tree.bio.ed.ac.uk/software/figtree/ ~ % & #r i 4 . A8 XK H Tracer v1.7.1 #
FigTree v1.4.4,

KSR

1. SEEO KR
TR EH K, ARSCRAHENUSS R EEE, T Luo et al. (2020), 93 50 4
WA (AT A7 AR (BA). T 8BEE (RBEFA) B 5 A
43X (partition), 43514 1_1st, 1_2nd, 1_3rd, 1_4th, 1_5th, AR TE
i, B AR TEAEEE I 0" B R A A A A SR R B R IR A (B 1,
BfH44-15 & https://github.com/ArongLuo/Protocol-).

Do UL Tip Dates  Site Model  Clock Model  Priors ~ MCMC

Link Site Models

[ Mame File Taxa Sites Data Type Site Model Clock Model Tree
1_morpho_v2 1_morpho_v 57 72 standard 1_morp... B 1_morph... E tree
1_1st 1_mol 57 1000 nuclectide 1_1st B mol B tree
1_2nd 1_mol 57 1000 nucleotide 1_2nd B mo B tree
1_3rd 1_mol 57 1000 nucleotide 1_3rd B mol E tree
1_4th 1_mol 57 1000 nucleotide 1_4th B mo B tree
1_5th 1_mol 57 1000 nucleotide 1_5th B mol E tree

A 1. BEAUti InER e X012 1% B G s
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2. BEAUti % HE

2.1 & BEAST 2 %% H3% ({n/Applications/BEAST 2.6.3/) 31 BEAUi K45,
77t BEAULi.

2.2 B KW Ak ¥E 5 v 08 4 AT AR B JL SA (sampled ancestor) fil MM
(morphological model), JFrbA# Z H e N# %% . #£ File ¥ i Manage
Packages, TEHMHEHIERHAIR SAFI MM H k1723 (K 2).

2.3 7£ BEAUti Hiiid Import Alignment £1 Add Morphological Data 73 54T 7771
FITEASEAE . BB EIRIR T AR IR P 2B B A 1 R, DR 6 AN 43 X
(> THAE 5 N XATEEEIE) Link Trees, Jfin4 A tree; ST
B BRI, ) O o7 ¥ 5 4N4r[X Link Clock Models, 34
IR TR E 644 4 mol Al 1_morpho_v. H Tk &7 X 1 h e B
BAY (B AR A ) AR B SHOHXE AT, TS %543 X Unlink Site Models

( 1 )o

® 0 BEAST 2 Package Manager
List of available packages for BEAST v2.6.*
| Name Installed Latest Dependencies
N S S
MODEL_SELECTION 1.5.3 BEASTLabs

MSBD 1.1.5

MultiTypeTree 7.0.2

NS 1.1.0  BEASTLabs, MODEL_SELECTION

ORC 1.0.2 FastRelaxedClockLogNormal, BEASTLabs

outercore 0.0.8

PhyDyn 1.3.7

phylodynamics 1.3.0 BDSKY

PIQMEE 1.0.2  BDSKY

PoMo 1.0.1
sa . [202 [202 [BeAsTlabs |
SCOTTI 2.0.1

SNAPP 1.5.1

snapper 1.0.0 SNAPP

SpeciesNetwork 0.13.0

Latest Install/Upgrade Uninstall Package repositories Close ?

A 2. BEAST 2 4R EIFEZER SA R MM

2.4 5 BEAUt Zi&T0 Tip Dates, &+ Use tip dates. fEMHER1ZEE CHH, &
ZNL P H) A FR"_" R B E IS I s ], 4 t9_0 ARIAEYIF 19, et50_84
REGET 84 HHELAKIMADF et50. FERHIAACAERIMRI T, %
Before the present, Ff55Fr LAH 54 N E LN (AL RIS 75 2 FRRE S, 1E
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2.5

26

2.7

IiEIE Auto-configure IR IR EIE 2 (B 3). (HAERENL, SHFH
IS [A] R LTSS BB A, R S TR S 0 1 e B 7 -5 LS N ) B ORFr
—H.

Partitions Site Model  Clock Model  Priors  MCMC

Use tip dates

Dates specified: @ \mericallyas = year a Before the present a Auto-configure
as dates with format dd/M/yyyy ?

[ Name Date (raw value) Height
190 0 0.0
1350 0 0.0
182_0 0 0.0
114_0 0 0.0
185_0 0 0.0
1510 0 0.0
196_0 0 0.0
1180 0 0.0
120_0 0 0.0
41.0 0 0.0
%9_0 0 0.0
67_0 0 0.0

& 3. £ BEAUti Hi% B &SP 5 S B )45 &

s BEAUti 3£ 70 Site Model JFaA A7 SRS M B . fERE, 707508 %5 4>
X HKY + G, TEAHHE KA MK B4 (& 4).

miifi BEAUti 3170 Clock Model JFRTE AR R E . XTEASM 7)1 H 4 73731
KA TERA B, ] B A ¥ A Relaxed Clock Log Normal. %% Y {5 15 s 4k 3
R T [ X6 BOE AT

ity BEAUtE T3k Priors JHiaJci e E . ZHSHAIEAHENSESR:, H 1)
i Fp e FBD AR RUE Dy S i R I S5 4%, JF A Condition On Rho
Sampling {5 5646 32 BR - C A I AR RRFBURE 71 70 b Rho, A% 4573 #r 1 Rho
N1 (I 5); 2) % & FBD By S8l &, mkWiifEE, aixf
diversificationRate . samplingProportion. turnover 4} 5% F {5 B & 59 8815
4t exponential (10). beta (1,1). beta (1,1); 3) FBD s — 5k T KR 1
IS [ ARSI A T,  E E ) ZETE REC YA 7] 12 B S5 56 Uniform (94,300), i 94 &
B 7 MU YRR 7 S B B KB 4) 7F CLik 58 Fa 70 i A R BE Rl 1 % B 3k
FAEL, ¥ ucldMean ¥ & A uniform (10e-6, 1), ucldStdev £ 2RI . (EHSVE
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B, hTARRFERAAE 2.4 PRUEFENESELAN, ERALUA T
CSLE A

Partitions  Tip Dates QEUCHEGGEN Clock Model  Priors  MCMC

Fastition Gamma Site Model B
1_morpho_v
1_1st Substitution Rate estimate
1_2nd
1_3rd Gamma Category Count ]
1_4th
1_5th Proportion Invariant [none) i
Subst Model Lewis MK B
Partitions Tip Dates ERICEEETE Clock Model Priors MCMC
Partition Gamma Site Model
1_morpl
Substitution Rate estimate
1_2nd
1_3rd Gamma Category Count 4
1_4th
1 5th Shape 0.5 estimate
Proportion Invariant 0.0 estimate
HEY
Subst Model Kappa 2.0 estimate
Frequencies Estimated B

& 4. £ BEAUti TR0 T8 535 B B B SRR HKY + G FIfFE
ZHAE Mk

2.8 iy BEAUti 10 MCMC FHih MCMC 40 B, nI RS, e i,
SCE A FRSE . R Chain Length Jy 100 T /3%, WSCHRISCA SRR Log
Every s& 5000. R & W& E GG, BV PRAE.xml SCAF.

3. BEAST ##ziz1r

£ BEAST 2 %235 H st Xt BEAST ks, 17T BEAST J5 /£ t T{TH i Choose

File a2 B fRA7 DN xml SCHF, s Run. @4k, BEAST RIFF4 MCMC

o (Bl 6)o A TORIES R AT A, — MR 200 [F] — Nl 2/ DAL is 47 IR A

LRAE J5 B0 213 FUL L
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Partitions  Tip Dates  Site Model  Clock Model MCMC

w Tree.t:tree Fossilized Birth Death Model

| Tree WOffset [none]
Origin 124.0
Expected N [none]
Diversification Rate 0.1
Turnover 0.5

| Sampling Proportion 0.5
Rho 1.0

Condition On Sampling
Condition On Rho Sampling

Condition On Root

| Taxon [none]
SAtaxon [none]
p diversificationRateFBD.t:tree Exponential initial = [0.1] [0.0,e<] prior on diversificat
p freqParameter.s:1_1st Uniform initial = [0.25] [0.0,1.0]
B freaParameters:1 ?nd [T - [ ] initial = [0.25110.0.1.01

& 5. £ BEAUti Hi% & FBD AR L6

molecular clock of mitochondrial DNA. Journal of Molecular Evolution
22:160-174.

Start likelihood: -173058.78054302
Writing file /Users/arongluo/Desktop/BEAST protocol/r1/1_beast.log
Writing file /Users/arongluo/Desktop/BEAST protocol/r1/1_beast.trees

Sample posterior ESS(posterior) likelihood prior
@ -173058.78@5 N -172929.0722 -129.7083 ——
1000 -113088.5693 2.0 -112802.7319 -205.8374 —-
2000 -83135.6228 3.0 -82927.2273 -208.3955 ——
3000 -68314.4524 4.0 -68097.1133 =217.3390 --
4000 -60610.8458 3.6 -60386.4956 -224.3502 ——
5000 -56937.3845 3.2 -56710.4705 =226.9139 --
6000 -54878.1731 3.3 -54640.1768 -237.9963 ——
Jeee -52801.5694 3.5 -52556.6828 -244,.8866 --
8000 -51991.9818 3.7 -51746.5324 ~245.4493 —-
9000 -51165.7487 3.7 -50910.9533 -254.7954 —-
10000 -50516.3561 3.9 -50246.9821 -269.3739 -
11000 -50114.1590 4.2 -49844.1188 -270.0401 12m5
12000 -49827.3272 4.3 -49578.5333 ~-248.7939 12m3
13000 -49503.5872 4.5 -49253.8469 -249.7402 12m2
14000 -49175.2614 4.6 -48937.1362 -238.1252 11m5
15000 -48793.7161 4.8 -48553.0869 -240.6292 11m5

& 6. BEAST RRIZE{THE

4. LERST
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BEAST — MMALIgAT 45 R — & =AU log SUfF, trees XA, .state SCfF
S5 R M — AN TF % RE log S A trees A FELE, r1 A r2 BRASSCAE SR (BIR
FSTIEAT) 43HF 1_beastlog fil 1_beast.trees.

4.1 1F Tracer Z3 H 3 (—8N/Applications/) XUl Tracer Kltx, ilid File T3¢
H. Import Trace File 251 r1 #1 r2 FH{#) 1_beast.log 4. M#jaE, Einf &
& posterior. prior S 1S A THE W Mean, Median, 95% HPD %5,
A, B EE S ESS HUEKIREB XS HAE MCMC 73 o 94 Rohor
BRI ARSI, ESSAHE—MKT 200, fE2—& % log AR, tHA]
AR 3 Fh 5> log SCAFELE P B 0 i 45 2R, BT BLsid Combined 57 4
HIEE R BNS. JBIE Tracer 70#fr,  WiAAE P RST 70 #r 5 2R LU B AR
(B 7), BIw LT REJE 8.

4.2 1t BEAST 2 %% H X LogCombiner K#5r#TJF LogCombiner. ¥4 File
type W& N Tree Files, sSidi"+"IN#Ek r1 A1 r2 rhpgA> trees SO/ 71K Burnin
percentage %N 25 (45 Tracer £kiA Burnin percentage & 10 AN[H]). X Output
File I E 42 Mar 4 )5, st run BIALEEPIAS trees SCIF& FF A — 30t

Trace Files: Il Estimates A Marginal Density | Joint-Marginal
Trace File States Burn-in

1_beast.log 100000000 10000000

1_beast.log 100000000 10000000 -28410

Combined 180000000 -

-38420

+ Reload 38430
Traces: 38440

Statis’ the Mean ESS

posterior 35444 13885 T ] ST

likelihood -38174.. 10611 R Ei

prior -270.315 2979 R B

TreeHeight 159.834 1791 R g-ema

morphTreelikelihood.... -594.106 7525 R o

treeLikelihood. 15t -7606.... 13447 R

treeLikelihood.2nd =7047.... 12411 R

treelikelihood. 3rd =5707.... 13066 R

treelikelihood.4th -8246.... 15098 R

treeLikelihood. Sth -8972.... 12362 R

gammaShape.1st 0.405 12577 R

gammaShape.2nd 0.395 12997 R

gammaShape.3rd 0.379 14231 R

gammaShape.4th 0.426 13122 R | ]
gammaShape.5th 0.394 13953 R o 25E7 SE7 T5E7 1EB 1.25E8 1.5E8 1.75E8
e e oo o State

Type: (Rieal (nt (Clat  *constant

Show Burn-in Sample only Drawline plot ~ Legend:  None

& 7. Tracer &~ BEAST B M LB (T B0 B IF

4.3 7f BEAST 2 %3 H FH X TreeAnnotator B #5437 TreeAnnotator. 55

FIR1E Maximum clade credibility tree, —f# Node heights # & A& Median
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heights, 7EXT Input Tree File £l Output File 2} %% & 5, fAidi Run BIA T84
SHTe HTER S-S IR B4 X Bumnin BTk E, A FHEE Burnin
percentage 4 0.

4.4 1r FigTree %% HFX 7 FigTree Elbr, i@id File/Open fn# 4.3 F=/EMH)
Maximum clade credibility tree SCff. @il FigTree ST nl 4 2RBE I KRG K
A2 OGRSy S T AT R o an P 8 R Bl 2 B B () R B AR B 1] 95%
BEXE AR RG RN BES. 2P ARE T DU e B

. T A .
DensiTree #4758
L @ & FigTree v1.4.4 - 1.tree
& . ) r
0§ ¢ 08 Q Bl e « »
Collapse Reroot Rotate Annotate Colour Hilight Find Selection Mode Prev/Mext
al2 1.
» CurrentTree:1/1 e ? 5 &%E
b Appearance 2 i Rl Ty T T T,
L S —— )
> Trees 2 -
» Time Scale 2 é =
—————— -
> Tip Labels 2 :
» Tip Shapes 2 = 5
e
Rl jods Labels & qFlE :
> Node Shapes I [ —r
v Node Bars 2 |
|
Display: height 95% ... [ s EH
4|—{
Bar Width: 4 2 ; ﬂ
> Branch Labels F E
> Scale Bar 2 et50_84
> Scale Axis 2
> Legend 2 -200 -150 -100 -50

Tree: 57 tips [height = 158.8, length = 0EQ]

&l 8. FigTree BAF BRI R A R AR RN 5257 i 6]

IMNGEEW

ARSI B s 7 AEH] BEAST 2 B Lk AT DU 2 4 ik 408 S8 72 4 70 A O FE AT AR o
EAFTER AR, DU 30 S 58 A8 23 Bt T ZE Ak A A AR R T A P R 2080 k2K A 100 R
SCiti (Heath etal., 2014), iZfHHL N, KU RS, — M B0 ARG EAE
BCEARINRE: 5 U0 MERR N S 7E A A R RIS, AR4E FBD Sigitib A 2R
LB SR RE . BARHER{ER] 27 hitps://taming-the-beast.org/tutorials/FBD-tutorial/ .
A (AF4sUESE) B VU7 528 52 A4 00 3& H T 07 B0E AN Wi BB T A R A B AR
iR ) 22 G 3k R 2H 2 AR
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HTERRAE, BRSO E FEAAAEE 2 RIS, El T P RS A 2
P, BT LATE SRR B At m] RE TG AN D Bk . Hean, oA TR SRR S AFEA B B
B PR R B SR R R G R A A B AT B A s T SR T A AR AR R )
Mk/Mkv BERLUE i §1, AEAEARE TR0 S BIE SRR 2 2% /s TR IE R IR Y
SPAREIT T, 5. Pl X DU SO e S I SEPR M af R, Rl R AR TR R A&
R A RGO B AE, hRai e et (Wb AEWFAiblE) F45R655E.

TR AR
ASARE TR G

Boigt
TR 1 Je it bio-protocol NASCHRM 7 KL G, RN tAF Al AT L R IEH =

sfEsE L.

SE 30
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