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Neat example (with some biology):
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Individual identity, or ancestry, can be
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~0.5% mutation prob per STR per generation
(though highly variable)

if use Y chromosome only, get paternal ancestry

YSTR Positions along Y Chromosome
There are companies that sell “certificates”

with your genotype. A bit opportunistic, since §
in a few years your whole genome will be Ovsass VOIR Markers omie,
sequenced by your health plan. DYS449 DYS464b | DYS464c
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YSTRs used by Family Tree DNA

| Yourv-Chromosome Allele 13 22 15 10 14 14 11 18 11 12 11 29
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Margaret, my ex-wife, is really into the Towne family.

Descendant Chart for
William Towne h y - h . I .
(And, she’s neither a biologist nor a Towne.)
William Towne
B 18 Mar 1589 Gt
Yarmeuth, Norolk,
Englard
1 I
| I 1 1
John Towne Edmund Towne Jacob Towne Joseph Towne
B 1624 B e BV Mar 1 B 1538
\ E-STR: 458 171 576 Yamouth, Norfos, E-STR 460 11/ 464c
16/ COYa 37/ COVD England 17 1 4idd. 18
30754 =4
] . : |
Joseph Towne John Towne Jacob Towne Towne
B 02 Sep 1861 | B a2 apr 1858 E-5TR 4400 20 B 1673 Topafieid,
Tk, Essi, Ma Topsfehd, Essex, WA L Essax, MA
Nathan Towne Benjamine Samuel Towne Jacob Towne David Towne Elisha Towne
B 1633 Tapsfield, Towne B 1695 Topsfield, B 1715 Topsheld, B: 1708 Topsfield,
Esgex, MA B 1651 Topsheld | Essex MA Essex, MA Essex. MA
Essax, MA |
I I 1 |
Nathan Towne Benjamine James Town Samuel Towne Joshua Towne David Towne Thomas Elisha
Towne B 1722 Crdoed, M B iT4T Ondord B 1744 Topshei, Towne
B 1723 Topshe Worsest, Essex. MA
Eulelxzm 2 Magsachusetts, LiSA | B 1"3“‘\'
Peter Towne Joseph Curtis James Town Salem Towne Jacob Towne Joseph Towne Eli Towne
B 20Aug 1749 Towne B 1757 Belcheriown, B 1776 Waraick, MA B 1784 Topsfiald, B 1774 Tempie, N
Ardower, Essex, Mass Hampshine, MA Essex, MA
Amos Towne William Slocum Willard Cliver Samuel Towne Benjamin Towne | Jozeph Towne Alvin Towne
B 1770 Andover, Towne Town B: 1500 Contaonga, B 1826 Topsheld, B 1802 Dover-
Eddex, Mass B 1750 Wilkes Basre, B 1778 Chastton, LL Essex MA Fougralt. ME
I PA Warcester, MA |
Harmon Towne Milton Evans Willard C, Town Nathan Town Benjamin Towne Benjamin Towne Charles L. Towne Sanford €.
B 1817 Norvay, Maing Towne B 1807 Stowe WT B At 1800 Stowe, WT B 1833 Conpwongo, B 1855 Topsfield, Towne
l B 1833 Greondield, OH | Ll Essex, Ma B 1539 Seber, ME
Farnum Peter Harry Evans James Wiley William Samuel Samuel Towne John Henry . Setwyn H-.- Towne . ‘William Harriman
Towne Towne Town Towne B: 1569 Lean, NY Towne B 1884 Lyna, MA Towne
B 1850 Boston, | B 1850 Runnuis, 14 B 1841 Catwgll B 1839 Roscos, ; = B 1880 Sebec. ME
| Suffolk, Mass | County, KY Coshocton, OH l |
T11 Tawne James Willard William Samuel T3 Towne Benjamin Towne | | Selwyn H. Towne, |
Towne Towne Towne 4 Jr Towne
B 18 B 1870 Lyon County, B 1878 Kewanes, B 1804 Lyna, WA B 1807
KY | Henry COL L |
T2 Towne Miles Willis Town Herman Millard Benjamin Towne T5 Towne T13 Towne
Towne 4

ol Maech §, 00

B 1904 Lyon County,
KY

Té Town

B: 1911 Chicago, Cool
[=-N 8

T6 Towne

Td Towne



Here’s data from Margaret on 8 recent Townes (identified only by T code).

(We’'ll use this data several times in the next few of lectures.)

Family Tree DNA 37 Marker Test

‘ ge 1 2 3 4 5 7 8 9| 10| 11| 12| 13| 14| 15| 16| 17| 18| 19| 20| 21| 22| 23| 24| 25| 2¢ 27| 28| 29| 30| 31 32| 33 34 75| 36 37
William 0 12| 24| 14| 11| 11| 14| 12| 12| 11| 14| 13| 30| 16 9 10| 11| 11| 24| 14| 19| 28| 15( 15| 16| 17| 10| 10| 23| 23| 16| 15| 17| 17| 35| 39| 12| 12
T-3 by Jacob 9 12| 24| 14| 11| 11| 14| 12| 12| 11| 14| 12| 30| 16 9 10| 11| 211( 24| 14| 19| 28| 15( 15 16| 17| 10| 10| 23| 23| 16| 15| 17| 17| 35| 39| 12| 12
T-4 by Jacoh 11 13| 24| 14| 11| 11| 14| 12| 12| 11| 14| 13| 30| 16 9 10| 11| 211( 24| 14| 19| 29| 15( 15| 16| 17| 10| 10| 23| 23| 16| 15| 17| 17| 35| 39| 12| 12
T-6 by Jacoh 11 12| 24| 14| 11| 11| 14| 12| 12| 11| 14| 13| 30| 16 9 10| 11| 211( 24| 14| 19| 28| 15( 15| 16| 17| 10| 10| 23| 23| 16| 15| 17| 17| 35| 39| 12| 12
T-8 by Jacob 11 13| 24| 14| 11| 11| 14| 12| 12| 11| 14| 13| 30( 16 9( 10( 11| 11| 24| 14| 19| 28| 15| 15| 16| 17| 10| 10| 23| 23| 16| 15| 17| 17| 24| 29| 12| 12
T-5 by Joseph 10 12| 24| 14| 11| 11| 14| 12| 12| 11| 14| 13| 30| 16 9 10| 11| 211( 24| 14| 19| 28| 15( 15 17| 18| 11| 10| 23| 23| 16| 15| 17| 17| 35| 39| 12| 12
T13 by loseph 10 13| 24| 14| 11| 11| 13| 12| 12| 13| 14| 13| 29
T11 by Edmund 9 12| 24| 14| 11| 11| 14| 12| 12| 11| 14| 13| 30| 17 9 10| 11| 11| 24| 14| 19| 28| 15( 15| 16| 17| 10| 10| 23| 23| 16| 15| 16| 17| 37| 38| 12| 12
T-2 by Edmund | 10 13| 25| 14| 11| 11| 13| 12| 12| 12| 13| 14| 29| 18 9 10| 11| 11( 24| 15| 18| 28| 15( 16| 16| 17| 11| 11| 19 23| 17| 16| 18| 17| 37| 38| 12| 12
=
| |
|
buscohtnid o b B Doyt
Benjamin Towne JD!:!BT"::‘:#‘(
|
]
dohn Henry Setwyn H. Towne. riman
| |
Benjamin Towne Selwyn K. Towne.
‘ .J..qu. “_Vom-'
‘ 'Il
13
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Or, just showing the changes from what we impute for William:

Family Tree DNA 37 Marker Test

gens| 1| 2| 3| 4| 5| 6| /7| 8| 9| 10|11 12| 13| 14| 15[ 16| 17| 18| 19| 20| 21| 22| 23| 24| 25| 26| 27| 28| 29| 30| 31| 32| 33| 34| 35| 36| 37

William 0 13| 24( 14| 11( 11| 14| 12| 12| 11| 14{ 13| 30| 16 9] 10| 11| 11| 24| 14| 19| 28| 15| 15| 16| 17| 10| 10| 23| 23| 16| 15| 17| 17( 35| 39( 12| 12
T3 by Jacoh
T-4 by Jacoh
T-6 by Jacoh
T-8 by Jacoh

T-5 by Joseph

T-13  |by Joseph

T-11  |by Edmund

T-2 by Edmund

William Towne:
Bt Mar 1900 Cr.
Vo o
| Ungians
|
r T - T 1
| John Towne Edmund Towne. ‘ Jacob Towne .\mnrmJ
o Py o o

e am 17s570 T e, Esm a0 11140

1 Cova 371 Eaguns T
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Joseph Tomme Towne | dacob Towne w | soseph Towne l

5 o 081 Lty |esmam | 83073 Foowtem,

Ty ners i | L i Lo
MatnanTowne | | Benjamine ‘Samuel Towne Jscob Towne David Towne: [ Emana Towne
360 Tt Towne 1608 Tt | e Tpwa 0 1708 Teow,

| Exien n 0 Tosenn B=th | Eanen b [rhy

] L !

] I " ———1 o
Mathan Towne Benjamine | James Town [ Samaet Tomne doshua Towme | | Davd Towme. Thomas Elisha
e ] [ S [ | [T | [P

I ) T B | _ woul?
Petat Towne Joseph Custis | dames Town | Salem Towne Jacob Tawne Joseph Towne Eli Towne
re £~y | & sz . | v oiccchhonedd oy by ——

L ‘-‘ ) ‘ e oLl . ‘ b ‘ =
| mos Towne Wiliam Slocum | wisaouver | | Samuel Towne BevaminTowne | JowphTowne | | AwinTowne |
8177 Towne Town | 8 180 Canenangn Tosstet 0 1868 Do
Eveen tiase (740 Wekes Base, | & 1778 Coarmen |wr [y
. _— | :
Harmon Towne Mitton Evans ] Willard C. Town Mathan Town || Benjamin Towne Benjamin Towne || Charies L Towne Sanford €.
17 Norwy. Mare Towne | St T 4o 1800 Showe VT | | 8 1830 Caneinga, | 8 0t Topuneia, Towne
-] — 1430 Oruaomans On | -I---— — I — W : | I Eonme A B e Y
| Famum Peter Hanry € T James Wikey Wilam Samuel || SamueiTowne | dohn Henry. Schwyn M. Towne | | William Marriman
Torme T wn Towne 808 e, v gty ot
B 1850 Bowon, 1450 R, | 8 1841 o 8 163 Arcon e [ = 1830 Seter. WE
e e S [SEResch ‘]
[ T Towne James Wilard Willam Samuel | > BenpaminTowne | Sewyn K Towne, | |
(AL :I—ﬂ | B 499 Lyon oty B 1818 Kemarta. I B 104 Ly, A - er
| L | = | vanry CO. . |
. R N 1 :
Mibes Willis Town | Morman Millard | Towne Te Te
i , e | | ] | . 1
4 & 1911 Creage. Cook

T3T6 0 ™
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Unraveling dependencies

a P(abcde) = P(e|abed)P(abed)
ela)P(c|labd)P(abd)
ela)P(c|b)P(d|ab)P(ab)
ela)P(c|b)P(d|b)P(bla)P(a)

Another important idea is “conditional independence”

Example: b and e are “conditionally independent given a”
P(be|a) = P(blea) P(ela)
= P(bla) P(ela)
while b and d are not conditionally independent given a:

P(bd|a) = P(bJ)da)P(d|a)
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Let's do a Bayesian estimation of the parameter r, the mutation

rate per locus per generation.

John Towne

N:1 .H“ﬂ?ﬂ

N=3

N=6

LUl )

| William Towne |

8 18 Mar 1585 Gt A:O
Yarmouth, Morolk,

Englard

let's assume no back mutations!
(their effect on this data set would be small)

I
Edmund Towne
[
E-STR. 458 17/ 576
18/ COYa: 37/ COVD
387534 18

Joseph Towne
B 02 Sep 1661
Toprsfiehl, Essex, Ma

f——l—

Nathan Towne Benjamine
B 1893 Topsfeld, T
Essex, MA

B 1817 Ramvary, Maine

l B 1833 Greenield,

Farnum Peter Harry Evans
Towmnie Towne
B 1850 Boston, | B 1850 Runnels, &
| Suffoll. Mass |
T11 Towne
Towne
B 18a?
T2 Towne

A=23

1
Jacob Towne
BT Miar 1R
Yarmouth, Horfok,
England

I : _ 1

John Towne Jacob Towne
| B: 02 Apr 1858 E-STR: 44929
Topsied, Essex, WA L
Samuel Towne Jacob Towne |
B: 1605 Topafeid, A:O
| Esseun, M s
| bin(0,3x37,r)
I | : 2
James Town Samuel Towne Joshua Towne
B 1722 Onford, MA B {747 Crefom
Wiorcaster,
Massachusetts, USA
James Town Salem Towne | Jacob Towne
B 1757 Bslchertown, B 1776 Warwick, MA
Hampshire, MA /
‘Willard Qliver Samuel Towne Benjamin Towne |
Town 41 B: 1509 Conmwnngs, 1 |
B 1779 Chariton, A—O MY
+hin(0,3x37,r
b )
Willard C, Town Mathan Town Benjamin Towne Benjamin Towne
B 1802 Stowe VT B Aot 1800 Stowe, VT B 1333 Conewengs,
| L WY
James Wiley [ William Samuel Samuel Towne [ John Henry
Town Towne B 1569 Leon, NY Towne
B 1841 Cabwell B: 183% Roscos, ;5
! Coundy, KY Ceoshocton, OH l
James Willard | William Samisel T3 Towne Benjamin Towne |
Towne Towne A_O :
B: 1870 Lyon County, B 18TE Wowanes, -
KY | Heary SO IL H
S = hin(0,6x37,1)
Miles Willis Town Morman Millard Benjamin Towne
B: 19048 Lyon County, Towne : 3
Ky B: 1811 Chicago, Cook
| Ce. I
T8 Town T6 Towne Td Towne

A=1 A=0

bin(1,5x37,r)  bin(0,5x37,r)

B 1824 Lyna, MA

- 1 =
Joseph Towne

B 1538

E-STR: 460 11 7 dfdc

17 / dda: 18

]

Towne
B 1673 Topsheid,
Essex, WA

David Towne
B AT15 Topahel,
Ensi, MA

David Towne
B 1744 Topshela,
Essex, MA

Joseph Towne
B 1784 Topsheld
Ense, MA

Joseph Towne
B 1826 Topshiola,
Essex, MA

Charles L. Towne
B: 18585 Topsfield,
Ensew, WA

H. Towme

Selwyn H. Towne, |
Jr

| B 1904 Lynn, WA B 1807

T5 Towne [ T3 'i'nwne

A=4 (of 12)
A=3
bin(1,10x37,r)

A=1
bin(1,11x37,r)



So we have a statistical model for the data!
Any statistical model is just a way to compute P(data|parameters)

Our model is not “exact”, but statistical models rarely (never?) are.

neglects backmutations
assumes single probability for all loci
etc.

The model is:
P(datalr) = bin(0,3 x 37,7) bin(0,3 x 37,7) bin(1,5 x 37,7) bin(0,5 x 37,7)
x bin(0,6 x 37,7) bin(1,11 x 37,7) bin(3,10 x 37,r)

Bayes estimation of the parameter:

1 | o
P(r|data) oc P(datalr) x P(r) oc P(datalr) x — What kind of prior is this???

r It is called “log-uniform”

The log-uniform prior has equal probability in flor P(r)dr — flor Ldr = log 10
each order of magnitude. " T

It is often taken as the non-informative prior when you don’t even know the order of
magnitude of the (positive) quantity.

It is an “improper prior” since its integral is infinite.

This is almost always ok, but it is possible to construct paradoxes with improper priors
(e.g., the “marginalization paradox”)
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Here is the plot of the (normalized) P(r|data)
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This is (almost) real biology. We’'ve measured the mutation probability,
per locus per generation of Y chromosome STRs. This tells us
something about the actual DNA replication machinery!
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It really did matter (a bit) that we sorted out the conditional dependencies
correctly.
Here’s a comparison to doing it wrong by assuming all data independent:

400 T T |

350

The true dependencies allow

somewhat larger values of r, 300 - i
because we don’'t wrongly count
the A=0 branches multiple times 250} .

200

We’'ll come back to the Towne 150

family for some fancier stuff later! 100

&0

O 0.005 0.on 0015 0.02

Ignoring conditional dependencies and just multiplying the probabilities of
the data as if they were independent is called naive Bayes. People often do
this. It is mathematically incorrect, but sometimes it is all you can do!
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A small cloud: The way we “trimmed” the data mattered. (And should trouble us a
bit!) Here’s the effect of including T11 and T13, both of which seemed to be outliers:

P(datalr) = [old model] x bin(5,9 x 37,7) bin(4, 10 x 12,r)

Let's do a Bayesian estimation of the parameter r, the mutation
rate per locus per generation. 3 1

‘ E | == =5 . ;I.f.-_"": 400 l [ |

CZI T I II] -
TIIz= 1= zsol -

i = 4 £ _: *_H i _ 200+ .
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now include these

Editing outliers is a tricky issue 22
that we will return to when we
learn about mixture models. 0 0.005 0.01 0.015 0.02
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