Chapter 11

Neutral theory and the
coalescent

225



Neotval _““37 r Jwe Codlescent

SUCCcs‘)‘YL i 65(3) S "’(X-)—() +
mutedion - A 6 oF
Fine

—

= ~| vehmn) pvtsml @ lr\\)\n 10“15 3 sovid |97l rwlucnv Jo 12| wede]

# But gonemes s debn sepamkd by wulliple mokn s
(g Womans, 2 whvibels difi by ~1 wit ] 100 by )

0
5 ved o ovdphed by | %5 A+
80\4\0 N n -M&L (ASCS._\ +?/+

=) ont o\\\fr‘ \\m'\\' ‘nu\‘lb well uth(mloodi

V\(U\'\'l\ CW\U‘\J\N\ M ﬁoﬂrcwmbmw) gu\amg




when X0+ =0, left ubl [ prw)

ag()b\ - Z iL //L-f(e) 9L(‘ 91)91.] ZNL

+ |8 a2 1§
J-:'IH) f(o)%ﬂq{,)

KQ)/ MS;\:)\'\}'* sies ot ac]ﬂm"y ’I/l‘n,‘r(h_(‘ﬁ each other (bm”:( )

hev m]

6.5. —0-0-0-6-0-0-0-0-0-6— ()

—0-0-0'6-0-0-0-0-0-6— '

=) qnd kty insight * (om Jake




E5 S’\mu\o“\'\w\ df‘ Mf\'\m\ pop/ﬂ N Uﬁahjf'ﬁsktr Wlf(g(;‘:

o O—

T 0—~0—0—0 Q Samelt.:
QOQ;J\ — clone A
(N) o) — clone A

| 8——?%8—0

-F\M, = '(’

D) ey IV\M\'\\' lines also = gfm\\ag\u\ telabionsing 3
'oa(kwafd ln ‘\'\0\(,‘

GCV\CAI ogy clone 1
A w clone 1

a\m{fhr (mer)

difletmees bedween mvnpk(’ odivi Jst
'ﬂ) = miuh’ﬂms on me\lagy

w Clﬂ\fa 1 a EOET TS 3\\
cme T e g,
MRCA




' pr(ﬁ) MRA
s 0 2k 2 B P
2 Midns @s

Mawival. R
onNn eN,\'\ lormol'\ 2
u/ e I
,..I:’) +d}a\ ++ MU‘* NS
~ Poisson (A Tney .%)

-:v A -odvone "\mﬂ’S :

=) 0 o« L mul'm'\"m\s on IJM‘-(. ‘]W'Q
(1) Teg el =

w\co\ncF ~ AT
=) PF @ site £ T,;\RCA] My

¢ ‘Jaclckm'A
»| D lds o foond ey
(a) H@-‘;"R(A mv\or"w\s a\og 2

I
——

(l



Ke(.ag . h G@\eﬁ\ow“
o/°—°‘°<f’, s k,é) /:E{C:@ _? —000-0-0-0'0-3,
!

Thech

|

?—(709"\—7
i

fine =

m\l\ﬁ}\onS ouUur as R)ISSM ﬂtuﬁ

=) G\vt cv\a\\09 T
v ety () iy €adn bronch (s gachs')

d\"!&m‘c P T, 7 -F T, e
@s.kjf |T;\g(A§& I MR 'dSt md Y

Question: Wt dekenmnes at\m\\osy (TW)?

=) Nete: Ty 15 ndom iy 1 m_f-é‘c
Rt
fine = t

= n pdidt vsing Fool @lled “ealescent
7o Y ‘H\fm; ¥



=3 k(j iV\S'QH" S"‘W‘“ 'Gm\ prcxvvl b war‘x bmtkwm\ Y "'\mt?

A

001\(20030\“']
00"oogcv\"\'

7

P “contesced”
sample © | T /

‘-'b —rwo ]r\o\MJW\‘) Shart amcjjcor" ! l '
s | —Ix[— )= —
N Qaviovs 3&/\ “I Qerb\\iJr\/ " N (N) (N) N

=) wl prJomL'llil-y l/N =) _rM\Q(A=|

=) o}kcm\sc’ O\I# ancestars 1 gen -1 = repfm“

)\

0000006(,4\'\'1

oo 1 o 2‘;’;' o= (-1)

Al (]
hd —

—’

sample © 1 T



PrOCCSS Y(,?&\‘\'S 1{"5(’,"{: wl MX'l 9.(,.,\2

l
=) codescenct 1 alss & Poiston ocess | mke 3 |

S Ty~ Bemebd (V) /\

= LTwgaa P =N [Vor (Tagey) = N

=) -"o&—a\ gr(lgm\!ﬁ\ily o mobehion @ sk L \5‘1@\ over "!;AM:

/\ Pc(gﬁ:f] ’S 4 mm) Tucm)dTmmA

o ( 20, Tueen P (Thecr) AT



\ <TM£cA> = ZUQU

IWNp

I

3 wmwneﬁ ow pm\navs miuu ) <T|' &Me,u
Shact 4‘[\'7 = Pr dgpﬂtcx ] \/

_—5 DIS}()\J\AIW\ of _EMQ(./] beoms moc \W\fdrlav,-l)
w\w\ (owsuclv'vy muH\m; @ v\_\u/\-hi\_t SichJ Q.j,

P ( oJ\szr (1 s\‘t) S Fr[m;l,vfl ITm] Pmm)d%m

/\ S P"-" “TMM]P"“ " LAP( mm dTmrer
£ A o

0 00 mutns arc nculfml, 2 an affect each aliver
.Ll‘ ll,

= S 7—&-';\\2:1) m) o (e} el



- (202 (1) () = () () (W)
= 1 (2,«/,N)- “M'N)
- 7 R BT = A

Ugg’\d\' : Jow‘- pm‘a G(: Mu‘VﬂS 1S r_\_()‘_" inc'epcncfen‘l' N

oo M g
NORLEEUEELS

B;\‘ prw'wusl\/ said that netml motabions
cont nflvmet ¢adn other O(EC_CHY

= s 90&/\7 on?




D ondhined on 1 Vel hod bigserFhan-awy Ty

:7 1. wukabions dont 1_1\-‘11\_&" ) Cavsadin cliagvam
bot v shll cuded
b S\\a\rul V\LJ_Q‘)Y '/ \3
R @@
stehshial
(drrclohon

=7 Con ‘«’.ﬁ? acM'mj @
mor. Sites s way .. ®'/®:/ \f\

£
/\ =) w\\fn T;\tc{- « | | most wolddions
£ 2

will ocwr @ ()n'\q\r(, Silrc W gmovn{_,
OR00- -0000-

4 chaidi- stles agomdanhen”

"

2

L
£°\

2) ol & mk'ns (&) 15 s foccss o] ke



k
> )= S

S PY‘U’(‘S = & P\"D‘\Tmm} ?(TMR(A) dTN\R(A

. /
aca.uémg dis\'n. P

= i, (ﬁ}'}ﬂk \ Ak <]
L ?T(T_g (aW0+)* J[\\ i

7
= k/L

doa & difs —o-0-00—
o & 9cw0M€5 -0-0-0-0—

:7 one, adwv("aﬁt, O'F COG]CS('U\{ OY?MGCL\.‘
S simole prdichens for yacerdmedy = T (net st o)



Var(k_ (H2W0) W

¢4 \)M(Tr = T = E
\or [ |+T0U
) o GF 0H¢wu>'
&)t
| {my=p
=) te T does net setf-anmge '
on ‘0“7 asoam\ StVlOMf/ ‘,
= "/L ’

Q)
s )
@ ® \® =) fluct ns —I;“pu offzd Mahy Sifes!



—:m’sff SGW\Q‘Q 9%63 (n’ 9\)

A e n=3
0O 0 0O 0030\’(-]
0000 00 gnt

7

\ 3
sample © 1 T .

/o

=) Pvalo ot M shant ancester 9 @ [x (2 ) pd'lﬁj

-
- —

:7 prt)o Fhal M Sharc aneeshr = N(%\(ﬁ)(b) N

:ﬂ u\no\ N»| = on‘y ned o wony alooml pa'mu\sc coaltswn(c

(fowwon s * Foagwan's taa\csw&“) (4l gavs o equilh,
hkely o camlesce

K
D) tdd pb of el T 5 per gtn

AN
| . 3 k '3) ‘l-,s/\ Exgmmlh' ( %)



D nw w vt s«wk of n=2.. Wfﬂ’\'\'!

—i—?’ ~ Enanm‘m\ (N)

\ T veilt)

= O(MC,- (an  Now ?l\ll\"' on NU'LW‘"“S.\. A

I 7 3




Eas\L/ coc\mm\'l%ﬁ ‘LO_ Samgk qf Site n.

(D @ eah s-\t?, Of\ly corside coo\lcscfncf. T
belween gains of hineages
— -
@ Time vkl nod colesience event T
1 3

15 T~ Expmewhal (N/(Q))

@ Chaost MV\JJM Qn'lr "0 (‘oa\‘c S rc?ﬁ}'

@ Jhen can pm"»nL matations on @ ond

/ "dwu&n 5"
cline 1

/ clane 2

=)
/
5— clme %
‘ 1 'S L’ T + C'Oﬂt L‘
lh\)h'hmiS \ Is‘“JHMS
”5““"“‘ L\/ \
descent

:) easy "‘o S'\mulo\k for n>2, bt had 4o calwlale ...




€q- <*H= :ﬁtﬂi{‘m> =< /{>\ - /{<\ >

=) mst vy oy R ‘l"?°|°9"‘5
@ l)nn(.'l\ |€V§‘“\5 ,+°?°I°9)’

@ mulw}'\th ?mn‘l’lﬂjl branch Whﬁ

=) w\,\\/ 13 coa‘cscevr‘ ?'mlurc -Hr\er\??



AY\Swa' - Coo\\cs cm\ o‘\c‘ur( M(A‘Vs W easy Yo wodel dtmggﬂg\«yl

2 presrt
N(Z) bk’ ;
e.3~ w\na" “n? N was ncl (m}m{, ) -‘ "
N popv st m
M VOJ\CA hlf‘df:'(l\“y n "hM'(, . J’ § Q(Sansw\
|

e rvent time T

=7 ooa\csc{v\'\' p'\clrurt shil wor 1‘5 ) )\ 000 0 gnitl
000 00 gnt
bu.‘. (w\kx{w\- ?'& —_ yn(.c) 0 | 9

[}
~7

samplet 1 2

—._=7 (,oo\\cSc{M{, = "]A»\omoﬁ{ntou; polsSM proeess !

< (fd
= f(n z] = ;ﬂlﬂ 5'(;)] x ¢ o

| -gz—‘ﬂ-

__ﬁ PF[_T) - z} = J(tc) @ o NT)



S\fﬂ{, 'QXOWV\.?EL: mqio‘ 'Q)CQM\ﬂOV\ 7)) rCCﬂCW\’ ?ay\-

9'!%“']' L c— @ ho cmlm{ncc un-l'\\ "CE
'jﬂ'(-N? . Ey?‘“’-' én _‘.‘ ”‘(4' ‘
K‘ f’ . TE @ (oalcsc(v\u @ th‘t K’“ 0"&0‘
| 1 Vwieh-}
=> <_|:L> = TE+ ”,‘

=) LA 'Zp("l'z> = ZN(ZE+N‘) > N,

can Q\flS'\“' ovrC ﬁll‘lr)e(‘ Puz%‘tt r(: ‘Jepfv |m In Wumans
why ST~ l0~3‘7

'—’3 one answer : }J(+) was smaller badeward in Hime l

= No\'x IOS- ('CE.« |Os-ams>



Con also easily odd ppulrhon stk

= & (coa«kscef\cc)
Ty bween pogns =0
divo-ocv\(t timt, T ondil tme X =T
(" split tiwe')

l

*\ -

73 V\Auc\n 0" P“? (ofv\ 19 d\w l\rrCCfﬁf\ﬂ ‘“\ﬁ(, OQC_MM\( mo(c’j

Article

eq A weakly structured stem for human origins
3 © |inAfrica

Aaron P. Ragsdale', Timothy D. Weaver?, Elizabeth G. Atkinson®, Eileen G. Hoal***, Published online: 17 May 2023
Marlo Méller*>®, Brenna M. Henn®’> & Simon Gravel®™

Ancestral
1,000,000 o c—— e
Neanderthal
100,000 e el e
— Vindija
o
(o))
®
4
¢ 10,000
Q
£
'_
1,000
100

Mende Gumuz Amhara/Oromo  British

South Africa West Africa East Africa Europe



D) dwrsde: had + odd Selechon’ back 1n Jo gicur..

.....
/N 1

Sg* 0 5¢' =0

=) kw13 {hs 909")“ e on issec

S Lo L= mse | needed N[s[< | G

effechdy
neml,

D) o L], b lds b (XI0)5G3)

A\ D)

sf(-¥) = LS’

> syl NJx)-x| <) fir bl



C\) ASSUWL OQCchL M\iﬂ\\\& .

35 46“&\ 3 W\\h«km} ~ NQ
‘ X‘?’YG\) t T \S MU s
l-—‘f) <M (onsiskend !

E( NO)(NS) « | ]

e-ﬁ- MS N~ O~‘ (I\C\r‘.ﬂ\\ n sy,L '%VS S(,»N#))
NU = (TS ? 0] 4 budia m & 5

10° £ howens.

& floq' (i) = 10 |



