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What Does BUCKg Intend to do?

2 F)UCKQ was conceived as a program to answer

the question) what fractions of genomes (or

genes within genomes) share the same

evolutionarg historg?

o The speciﬁc way BUCKﬂ is set to address this

c]uestion 1S tojointlg estimate many gene trees
given data for each gene and Prior information

about the level of gene tree discordance.
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What is a GTM?
* GITMis an acronym for a Gene-to-Tree-

MaP which can be representecl as an

array of tree toPologiesj one for each

g@ﬂ@.

M ~ (T])TZ) % 'JTG>

where M is the map, T.1s the tree toPologg for
the ith gene, and G is the number of genes.
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Joint Posterior Distribution

o For data sets NEAG N Ol for each
gene, BUCKy tries to compute
PMIX, %o, ..., XY the joint posterior
distribution of the tree toPologB for all

the genes given the data on all of the

genes.
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Form of Posterior Distribution

* Under assumPtions of independence of
Parameters otner tnan toPologg across
ditterent genes, this Posterior has the

Form:

M= T andX=06¢ %

o E - e -




i il iy -

B i i) il e gt A i ekl bl o Sl o i R s s s . e i S i e i . i

APProxi mation

) BUCK9 al:)]:)roximates the exact Prociuct of
Posterior Probabilities of trees given single
data sets with siml:)ie relative ICFCC]UCI"lCiCS

from MCMC samples on singie gemes.

* Asa consequence, BUCKy can mislead
when singie gene Posterior distributions

are inaccurate.
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Preliminargz Installation

ngou:

(1) Have gec installed on your comPuter;

(2) Are using Linux or the Terminal on a Mac;

(») Have a directorg ~ /bin which is Part of your Path of executable files:
Then, you can compile and install buckg and mbsum with these steps.

In a terminal:

M Change directories to where the file buckg-]ﬁnz.tgz exists.

2) Unzil:) and untar the file, creating a clirectorg tree and files

tar zxf bucky-1.4.2.tgz
3) Change to the source clirectorg and comPile the code.

cd bucky-1.4.2/src
make
(4) Move executables to ~/bin.

mv mbsum bucky ~/bin

i I i R =




L B R i i g g Bl . e e R s i it b iy i

F’reliminarg: Installation

Or, download a Previouslg compilecl

binarg from:

http://www.stat.wisc.edu/~ane/ buck}j .



http://www.stat.wisc.edu/~ane/bucky
http://www.stat.wisc.edu/~ane/bucky
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Preliminarg: Single Gene Samples
* (Jse Mrbages for each gene inclivicluang.

* You can use ditferent Parametcrs and

moclels 1COT' each.

S BUCKH assumes that each gene has data
for exactlg the same species. More on

clealing with this later if it is not true!

o We need the tfiles for each gene. It 1S okag

it there are more than one.
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Prcliminarg: mbsum

o mbsumisa simple program that reads in one or
more output thles from Mrbages and creates

a file with two Parts:

* atranslate section which gives a list of

species names and the number code for this

sPecies N trees:

o alist of tree indices, trees, and their counts.

10
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E:xample: mbsum output

translate

=SS cersy
eeSpars;
F-Smik
4 Skud,
5 Sbhay,
6:5cas;
FoaICLUL

8 Calb;
B2 200, €408 (6,5 675 8099 )03
(1,(2,(3,(4,05,0(6,7),8))))));
(1,(2,(3,(4,(5,0(6,8),7))))));
(1,(2,(3,0(4,5),06,(7,8))))));
(1,(2,(3,0(4,5),0(6,7),8)))));
(1,(2,(3,0(4,5),0(6,8),7)))));
(1,(2,0(3,(06,(7,8))),(4,5))));
Gl 25 (03,C06,72)58)), G455
(1,(2,(3,0(4,06,(7,8))),5))));
(1,(2,((3,0(6,8),7)),(4,5))));
(T, (2563 084,C (6, 805407,5)9))3
(1,(2,((3,8),(4,(5,(6,7))))));
(1,(2,(3,0(4,0C6,7),8)),5))));

31366
10461
A )
448
236
101
41

57

17

8

7

2

2
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Example: Rurming mbsum

® Change cjirectorg to buckg—-tutorial/ TreeFiles

o Run mbsum on the .t files here, removing the
first 501 trees from each.

o Save the output in a new file named gOOO.in.

mbsum -n 501 -o y@00.1n y@00.run*.t
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lnput Files

* There should be a single inPut file for

each gCﬂC.

o For this tutorial, inPut files are in the

clirectorg buckgﬁcutorial/ InFiles .

=

i e e =T
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OPtions for BUCKg

o

‘5UCK9 s run from the command line.
o The program 1S usua”g called with

multiple options.

o The program is called as follows.

mbsum [oPtionsl [gene files]
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Running BUCKg

cd bucky-tutorial
bucky -a 1 -k 4 -n 1000000 -c 4 -sl1 23546 -s2 4564 -o yeast InFiles/*.1n

l. -a 1 sets alPl’xa to 1

2. -k 4sets4 separate runs

%.-n 1000000 sets that many MCMC generations
4. -C 4 sets 4 chains, one cold and three hot
5.-s1 23546 -s2 4564 setsrandom seeds

6. -0 yedast sets the root name for output files

o E - e -

15
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More on BUCKg oPtions

® -3 alpha --~ set al oha Parameter

* alpha = Ois equivalent to clisa”owing discordance

among gene trees

alpha 22 inﬁnitg IS ec]uivalent to indepcndence among

genes

o the Probability that two sPeciﬁc genes share the

same tree is about 1/ (+o0) if o is much smaller than

the size of tree space

* use tool from BUCKQ web page to visualize Prior

distribution on number of clusters

16
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More on BUCKg oPtions
o -k number --- sets number of chains

® goocl to do more than one to imcormang

ChCCl( COﬂVCFgCﬂCC

o -n number --- sets number of MCMC
uPclates

e o enough for thorough mixing

(millions?)

o 10% extra automatic For bum~in

17
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More on BUCKg OPtions

e —c number ~——- number of chains
* —rnumber --- rate to swap chains l

* -mnumber ~~~mu|’ti|:>|ier for hot chains |

* Foreach run, buckg will run one or more chains.
+ Additional chains are run with a larger all:)ha.

* At speciﬁccl rate, BUCKy tries to swap chains
* Thiscan help mixing when mixing, with desired

alplqa is too slow.

18
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BUCKEJ Output Files

2 BUCKg Procluces these files

) 4

)

2

)

.out -—- screen output and other information
.inPut — list of inPut files (one for each gene)
.gene -~ summary of information for each gene

.cluster —-- summary OF the number owc clusters

(different trees)

.COﬂCOf’ClaﬂCC Fririan: summarg O]C concorclance

among gene trees

i il

- e -
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.gene File

* SeParate entrg for each

gene
» Shows trees for each gene

* Single is the Probabilitg of
the tree given onlg the data
in the gene

o Jointis the Probabilitg of
the tree given the data in all
of the genes (for sPeciﬁecl

F)Ti()f'(ZC)Y1(:C)TZJESF1(ZC§>

Gene 0:
numlrees = 13
index topology

@ CCCCCCL, 2958 )49 500 O 460
1 (CCCC(1,2),3),4),5),7),6,8);
2: CCCCCL, 2),3),04,50),6)57, 833
3:CCEECELS2)58 )0, 405001 898
4 (((((1,2),3),4,5),(6,7),8);
5 (€C((1,2),(4,5)),3),6),7,8);
6 ((C(((1,2),3),5),4),7),6,8);
9 ((((1,2),(4,5)),3),(6,7),8);
10 (CCC(1,2),3),5),4),(6,7),8);
12 ((CC(1,2),3),(4,5)),7),6,8);
13 (CCC(1,2),(4,5)),3),7),6,8);
14 ((((1,2),3),(4,5)),(6,7),8);
15 (((1,2),(4,(5,(6,73))),3,8);

S OO0 S

single

.627320
.145580
.008960
.000240
.209220
.000820
.000140
.000740
.000040
.002020
.000160
.004720
.000040

S OO0 S

joint

.999783
.000148
.000000
.000000
.000003
.000000
.000000
.0000066
.000000
.000000
.000000
.000000
.000000

e A T S T — i
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.cluster

* Summarizes
distribution of
number of
clusters for each

run

mean #groups = 2.024
SD across runs = 0.006

credible regions for # of groups

probability region

IR0 R
095 (2yc)
0.90 Cied)

Distribution of cluster number in run 1:

# of raw posterior

groups counts probability
2 982478 ©.98247800
3 17521 0.01752100
4 1 0.00000100

Distribution of cluster number in run 2:

# of raw posterior

groups counts probability
2 972060 ©.97206000
3 27788 ©.02778800
4 152 0.00015200

e, A -

e e . s A,

21
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.concorcla NCC

Splits in the Primary Concordance Tree:

mean sample-wide CF across runs

b2 A 567 85 710001 .

L 2I3,4,5,6,7,8} 1.000(1.
£1,2,314,5,6,7,8} 0.941(0
{1,2,3,4|5 6,7,8F 0.941(0
£1,2,3,4,5,617,8} 0.941(0

Splits NOT in the Primary

£1,2,3,6,7,814,5} 0.059(0.
£1,2,4,513,6,7,8} 0.059(0.
£1,2,3,4,5,816,7} 0.059(0.

000,1.000) 0.991(0.966,1.000)
000,1.000) 0.991(0.967,1.000)

.906,0.962) 0.933(0.869,0.978)

.906,0.962) 0.932(0.868,0.978)
.906,0.962) 0.933(0.867,0.978)

Concordance Tree but with estimated CF > 0.050:

038,0.094) 0.059(0.017,0.121)
038,0.085) 0.058(0.016,0.119)

038,0.085) 0.059(0.017,0.120)

sample-wide and genome-wide mean CF (95% credibility), SD of

0.000

0.000
0.000

0.000
0.000

0.000
0.000

0.000

i I i R

22



e e a0 L T

T

B il e it R i s s e i i o e 1 sl

e e g il i

.concorcla NCC

Al beShHl s

P23 405657 8%

#Genes count in run(s) 1 through 4, Overall probability, Overall cumulative probability
103 0 0 58 0 0.000015 0.000015
104 ) X v 87 0.000024 0.000038
105 337 129 161 165 0.000143 0.000181

106 999883 999870 999774 999748 0.999819 1.000000

ieaR CE: = =1, 000 Cproportien. of<lLoci)
= 106.000 (number of loci)

99%= CIfor Ck= (106,106)

95%-CT-for CF =:(106,106)

90% CI for CF = (106,106)

s A

e

23
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.concorda NCC

k25514555657 ,8%

#Genes
86

87
88

89
90

g1
DZ

95
94

85
96

o
98

89
100

101
102

103
104

mean CF

count
0

0

0

=

9

D

100
ol
1399
5287
19119
53703
120841
205640
255104
212900
101661
23363
468

= 99.772 (number of loci)
9% -C IviopECEs=" (9551083
95%:CE fon=CEi=-96102)
90%CL. foruChEs—-(97;102)

) 3 0 0.000001

) 12 0 0.000003

0 6 1 0.000002

i 12 23 0.000010

2 10 2 0.000012

14 22 46 0.000034

81 49 98 0.000082

320 323 268 0.000316

1365 1412 1091 0.001317

S50 5273 4843 0.005161

17688 18873 16846 0.018131

51645 52046 49587 0.051745

120342 119981 118385 0.119887

212025 208334 207422 0.208355

258592 260203 261258 0.258789

209695 208838 215144 0.211644

99021 99904 102864 0.100862

23167 24143 21560 0.023058

803 554 5% 0.000590

0.941 (proportion of loci)

=

PO OO0 OO0 SO S

in run(s) 1 through 4, Overall probability, Overall cumulative probability
Q.
.000004
.000006
.000016
.000028
.0000061
.000143
.000459
.001775
.006936
.0250067
.076813
.196700
.405055
.663844
.875489
T 6351
.999409
.000000

000001

e A T S T — M
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Cautions

® BUCKg assumes that the single gene

D

posterior distributions are estimated

DCF]CCCtly bg the saml:)les; it a gene has

mostlg trees with very low sample

counts, BUCKL will be misleacling.

A

Be extra careful it there are many taxa,




i il iy -

s e i i i . e . g s

Cautions

BUCKg assumes discordant trees are ranclomlg

drawn from all Possible trees. |

Real mechanisms that cause discordance
(hgbridization) lateral gene ﬂow, incomplete
lineage sorting) result in trees that share many

CIBCICS.

BUCKH may underestimate true cliscorclancq

esPeciaug when tree space IS large.

— e e ——
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