3aranbHa rinotesa eBONOLIT HOBUX MeHIB Yyepes aynnikauilo ctapux, 3a 30epexeHHA cTapoi yHKUi: KHura OHo
CNV sk cTania eBonOLIl reHiB (reHoMy), NonynsALiiHi npowecu
Biakputta macwraby CNV B npupoaHux nonynsauisx
MexaHiamu gynnikauin (geneuin). NAHR, TpaHcnosuuia
NAHR ‘“runaway process”, LINE-TpaHCno30HM Yy MuLen
Baxnuei BigMiHHOCTI CNV MyTauii Big HYKNEOTUAHUX 3amilleHb. 30epexeHHA yHKUIT | BanaHC Ao3u reHiB

Teopisn
Neo- and sub-hyHuioHani3auiA: He noTpebye aganTBHUX MyTaLlii
Cyb-yHKUiOHaNI3aLil eKCnpecii reHiB B Pi3HUX opraHax (TKaHuHax)
CybdyHkuioHanizauia Ta suaoyTeopeHHa (BDM HecymicHOCTI)
AnantusHi DyHKLUII
MpAamuit 0oBip Ha 30iNbLWEHHA 103K reHa
diKcalia reTepo3nroTHUX reHoTUNIB - nepexia Bia banaHcyroyoro aobopy Ao ‘permanent heterozygosity’
AmMninicdikaLia yicna reHiB AK ‘TiMyacoBa” peaklisaHa TUCK 400opy, i3 HACTYNHOK HeodyHKLioHani3aLien
[inoTe3a macKyBaHHA: MyTaLiA | NOTIK MeHiB: ponb YacToTH pekombiHauii

MeToam BUBYEHHA: TiNbKI BIAHOCHO ‘cTaHaapTy”
Quantitative / Real-Time PCR, Digital PCR
Array hybridization methods
NextGen sequencing:
Read Depth
Split Read (from Paired-End seq)

EMnipuyHi pe3ynstati
Obcar npuknagis aganTMBHUX Aynnikauin: reHw aminasu y ngen ta cobak, Touo
Mepexia 40 ‘nepMaHeHTHOI reTepo3uroTHOCTI™: eBOMLIA CTIMKOCTI KoMapiB A0 iHCeKTUUUAIB
BaxnueicTe DanaHcy 003W reHiB . ApixmwK ?
CNV Ha paHHiX CTagifax BUAOYTBOPEHHA: KOMIOWKKW, XaTHI Muwi ?
CNV B ribpugHin 30HI MULLEH



Orthology and paralogy

R e ettt Tl

Susumu Ohno 1970

Nature Reviews | Doy Docovary

JIVIUTIKALIISL SIK OCHOBHUIT (AJIE HE €JIMHWIT) MEXAHI3M

Ancestral globin gene BI/HM(I'IEHI'M HOBI/IX FEI-IIB

a
§ chains
3 (146 aa.)
K p{

] | | | [ |
1 1 | | ]
A v : « chains Fe?+
R AR SLTR ¢ SN w 58 (141 a.a.)
a-Globin gene family p-Globin gene family Heme
(protoporphyrin + iron)

on chromosome 16 on chromosome 11



Published in final editedform as:
Nature. 2006 November 23; 444(7118): 444454 do1:10.1038/nature05329.

Global variation in copy number in the human genome

Richard Redon'# Shumpei Ishikawa2# Karen R. Fitch®¥ Lars Feuk*>¥ George H.
Perry®# T. Daniel Andrews !, Heike Fiegler!, Michael H. Shapero3, Andrew R. Carson*5,

Macwtad CNV B reHOMi NOOUHMY :
CNV oxonnte ~12% reHoma
‘junk” DNA
€K30HU, PYHKUIOHAmNbHI, perynaTtopHi reHu

ABi BUNagkoBo BUOpaHi NoauHN BIOPISHAKTLCA MO
yucny kKonin ~ 110 reHis



MexaHi3aMu BUHUKHEHHS Aynnikauin / geneuin

Non-Allelic Homologous Recombination (NAHR)

Homologous sequence

¥

Deletion

L

P
\ Duplication

! I ! I
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MexaHiamu gynnikauin / genewin
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Figure 3. Distances between recent gene duplicates in the human genome formed after the human—macaque split {(from data
presented in McGrath et al. 2009).

Schrider & Hahn 2010
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Repeat density (kb)
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MexaHiamun gynnikauin / geneuin

NAHR BUHUKae Ha OOBrux, Maxe ifeHTUYHUX HeanenbHUX NoKycax

LINE-TpaHCNoO30HU Yy MULLEN

ABP region

Homologous sequence

I

Deletion

Duplication

31 32
Position on chromosome 7 (Mb)
LTR (y) ~ LINE (x) SINE (y) ~ LINE (x) SINE (y) ~ LTR (x)
1l * 030, praive o 6.12E.111 fargn * 027, pvalua e 0 11E-64
Funet ® 038, p-valum #|1 16E-10 Faa * 053 pyiiue b 3 24E-23
fage = 008, paaioe =1 furge = 046, pvalue § 144600
Y
e
Tunge = 0.34. p-value 3 7 55€-96 Fuegne = -0.38, p-value F 1.18E-125 Turgne = 0.0Z, p-value # 1
et = 023 pvalue =10 30E-05 T = 088 pvalue £ 3 68-E45 Ty = “0.10, pvaive =0 24
Mg ™ 036, pvaiee o 2.44E-D4 farge * -0.74, pvalue § 0 fiwge * 0.24, pvsive 4 0.03
&“.‘ :

Janousek et al. 2013
Janousek et al. 2016




Teopia

HentpanbHa mogens (DDC)

[loTeuinHa ponb Y BUOOYTBOPEHHI
Amnnidikauia nig npamum aobopom
[inOoTe3a MacKyBaHHA: MyTauil | NOTIK reHis



DDC (Duplication, Degeneration, Complementation)

Michael Lynch et al..

(A)

e.g. Proulx 2011



DDC with Allelic Divergence

Proulx 2011 ...
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e.g. Proulx 2011



DDC and Evolution of BDM incompatibilities

Michael Lynch et al..

Bateson Dobzhansky Muller
incompatibilities

(a)
AAbb x aaBB
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Lynch & Force 2000



JIOBIP HA 3BUIBIIIEHHSA J1O3U1 T'EHA

IIEPEXIT BIJI BAJIAHCYIOUOI'O JOBOPY O “TIEPMAHEHTHOI I'ETEPO3UT'OTHOCTI”

AMITTI®IKAL[IS UYHMCJIA KOINH SK “THMYACOBE PIIIEHHS 1O BUHUKHEHHS E®EKTHBHUX

A MVYTALIII

Ampllﬂcatlon Innovation, Amplification, Divergence in

l Innovation

“b" becomes beneficial
reb=8 .

l s Salmonella enterica

—_J.-—M-—H
Arb

(Nasvall et al., Science 2012)

Divergence
accumulation of

v beneficial mutations

——— - —— -1
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I TIOTE3A MACKVYBAHHS MVYTAII

Al A2 Al A2

e e e e

mutation rate = 21

Duplication that restores gene dosage may be preserved

Gene dosage benefit Al A2

ﬁ

‘i

a loss-of-function

Al

|

> Al

. ; ’ .
1 ) gene copies =




SOURCES OF DELETERIOUS ALLELES:

MVTAILS [IOTIK TEHIB (MITPALILS) e
o JL D
. i L B mgm "8~ Sigy
iii e = il
L T
e
lEn !EN gm 'EN
e ™ 2l 2l
duplication duplication

Al A2

I ]

a

Duplication is prone to mutations

Mutation rate is small relative to migration

Otto, S. P, and P. Yong. 2002. The evolution of gene Yanchukov, A., and S. R. Proulx. 2012. Invasion of gene
duplicates. Adv Genet 46:451-483. duplication through masking for maladaptive gene flow.
Evolution 66:1543-1555.



Parameter space for duplication invasion is much larger in the migration scenario

W guplication — D€t x dupl

Mutation Migration

04k

duplication invades
dupl < het

The above parameter ranges in the mutation and migration scenarios are separated by dupl = het
* A duplication masking for mutation invades fastest at = %5, max(dupl — het)

* A duplication masking for mizration invades fastest at = 0, min(het — dupl)
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Can the masking duplicationbe fixed by gene flow?

A masks for a
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MeToAan BU3HAYEHHA YnUCna KOnMiun
| 3aBXKAM BiAHOCHO cTaHaapTy !!

In-situ visualization
Quantitative / Real-Time PCR, Digital PCR
Array hybridization

NextGen sequencing:

Read Depth
Split Read (from Paired-End seq)



Fig. 3 from Fortna A, Kim Y, MaclLaren E, Marshall K, Hahn G, et al.
A (2004) Lineage-Specific Gene Duplication and Loss in Human and Great
Ape Evolution. PLoS Biol 2(7): e207




e PCR

45
H20

Buffer ¥
-~ primers 28 1
1 "
e dNTPS 1.5 |
e Tagpolymerase i
e DNA template o |
05

PLATEAU PHASE

- BACKGROUND

Log PHASE

Threshold cycle Cy

...............................

—t— - - -+

1 4 7 10 13 16 19 22 25 28 31 34 37 40 43 46 49
CYCLE NUMBER

Is used to amplify a short sequence to detectable quantities..




gPCR

Early start (higher template  Late start (lower template
concentration) concentration)

0.6

0.4

20.2

ce

» 0.0

luore

= 0.6
0.4
0.2
0.0

0 10 20 30 40
Number of Cycles



Digitial PCR: All current platforms share the same algorithm
(this is a Life Techs chip..)

Preparation Distribution PCR reaction Readout

®0O0
058 -
o000

gDNA, cDNA, RNA, Sample partitioned @ Positive reactions Absolute
plasma into many reactions ® Negative reactions quantification




PCR: Why call it Digital?

It’s all or nothing: 1or0

we Target of interest
m= Background DNA

in
—




# of droplets

CPD — Copies Per Droplet

o N o o  Onprevious slide)
S 1l R S - | S 18,357 occupied "\
o | 4,425 occupied 5 12,642 occupied 5 droplets expected-
( | droplets expected- Z droplets expected- 2 “positives”
- positives” ot A ‘positives” a i
2 o
& \ 5 3 5 8 f '|
3 | * B | #* B |
ll' I- I.--
] - — - — e
O \ )'ll -// i / T \/ /
\'1234 2 3 4 3 8 7 F123456789
/#Jtarget molecules in droplet \ /# oftarget molecules in droplet/ /,/ # of target molecules in droplet
&
V v V
15,576 empty 7,358 empty 1,642 empty
droplets expected- droplets expected- droplets expected-
“‘negatives’ “‘negatives” “negatives’
k=0
k N, 7358
)u ) p=—=5= =0.3679
p( k) - 5 N, 20000
k!
A=.999

{7364.95,7357.59, 3675.11, 1223.81, 305.647}



Bio-Rad QC100/200

SREps
’f\’"

PLE CEORED

p 4
9§ 6 Al
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Transfer emulsion to
96-well PCR plate

e Two cameras for TagMan probes
e orindiscriminate DNA dye (Eva-
Green)
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NextGen

/1. Read-Pair (RP)

/ 3. Read-depth (RD) \
Deletion
Deletion Insertion (medium-sized) Reference
Breakpoint R A
Reference -? * Mapped Read *‘ -
¥ A _— et —
Mapped Read * —2: ::— '_—__._..%
Paired.ends — — =0 = _—;—-__-—-;_". -_—=_-——.____:__:
o expated el — —_—
— el
. \ =
ﬂ. Split-read (SR) 4. Assembly (AS)
Bt Deletion
eierence .\ ;'
Mapped Read X ¥ Deletion
_* Reference =g
Paired-ends t N |
|
Rt on = Mapped Read N4
Reference /,.l\-\— _—_‘:__-—'_ -
¥ b ——
Mapped Read me—— o f— g g:’::” m:::;‘uy
Paired-ends —_ \
(AS)method.

FIGURE 1| Four main methods for detecting CNVs with NGS data: (1) Read-pair (RP), 2) Split-read (SR), (3) Read-depth (RD), and (4) Assembly based



EmMnipnyHI pe3ynbtaTt

Mpamuin nobip

CTiMKicTb Ao iHCEeKTUUMAiB y KOomapis
Hacniaku nopyweHHA 6anaHcy 403U reHiB
CNV Ha paHHiX cTagiax BUAOYTBOPEHHA
CNV B ribpuaHin 30HiI XaTHbOT MULLI
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EBOITIOLISI PESUCTEHTHOCTI IO IHCEKTUITUIB V KOMAPIB CULEX:

MVTAILIMHI 3AMIIIEHHS I OVIUTKAILIL TEHA ACE-]

o Brssa® @StBaumte Labbé, Pierrick, et al. "Forty years of erratic
g oM insecticide resistance evolutionin the

e mosquito Culex pipiens.” PLoS Genetics 3.11

o s gt H-LEERR (2007): e205.




EBOJ'IIOI_II}I PE3UCTEHTHOCTI JO IHCEKTHUIIMIIB V CULEX PIPIENS
[annotunu:

ace-1°—susceptible allele —R.I.P. Ha 06pobaeHux AinAHKax

ace-1"—resistant allele —R.I.P. Ha Heo6pobnenux ainaHkax, — R.1.P. romo3urotu

ace-179*! — nepwa aynnikayia — R.l.P. romo3urotu

ace-1"9°*— npyra gynnikaujia—R.1.P. romo3unrotu

leTeposurora: ace-1R1/51 [ 5ce-1R2/S2

Table 4. Relative Atness Etimates Ftted Usng Summer Clinal Patterns Cbserved over the Perod 1999-2002

Genotype Relative Fitness Treated Area Support Limits Relative Fitness Nontreated Area Support Limits
) 068 058 - 0.72) 1 Referen ce

(SR) 068 (066 — 0.83) 1 088 1)

R'R) 091 (080 — 1.02) 0.63 0863 -072)
D4S)or D4S) 068 (0.60 — 0.80) 1 088 -1)
DJR)r D4R) 1 Reference 0.94 (086 — 0.88)
(DZD2) or (D4/Da) 029 (026 - 0.69) 0.43 0.37 - 053)

DJD3 068 (039 - 1.46) 1 065 - 1)




PE3UCTEHTHICTH I OVIUIIKALIS ACE-1 V ANOPHELES GAMBIDAE

= %%k C]
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SS R°R? R°R® Baguida [RR]
Fig 2. Number of ace-1 copies in KisumuP, AcerkisR®, AgRR5 strains and in the Baguida [RR]

population. Boxes indicate ace-1to Rps7 gene concentration ratios (advanced relative quantification
method, LightCycler 480 software 1.5.0). The significance of ratio differences between strains is indicated SS R®R?* RS5RS
(***, p<0.001). Underlying data can be found in DRYAD http://dx.doi.org/10.5061/dryad.4f7qg.
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PLOS Biology | DOI:10.1371/journal.pbio.2000618 December 5, 2016 1 2 3 a o 6 4
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BamaHc 1031 reHiB: T'eHN 13 MEHIIOI0 KUTBKICTIO 3B S3KIB B IPOTETHOBHX

KOMILIEKCAX JacTIIIe 3a/1sH1 B CTPYKTYPHUX MyTaIrsx ta CNV
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® © o o0
® © o o000
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® © o o000
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app et al., Nature
e o o Y PP
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© 00 0 _2909 oo
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Nonproductive
Birchler et al., 2009 subcomplexes



CNYV Ha paHHIX CTaJlsIX BUI0YTBOPEHHS

CNVand speciation

T L L r——— FPLOS v Divergence patterns of genic copy number variation

Extensive Copy-Number Variation of Young Genes across {',',gammmﬁld'zwd,:mm";f ,',?,‘:a,h&ﬁ ';‘:,‘;"‘:md

Stickleback Populations genes with major population-specific expansions Chain et al .; 2015
Muu.o-!-"“'.nl-‘cnv-h-“"“. Mahesh Panchal'”, Christophe Elzaguiers”, 2edjia Pezer, ' Betting Harr,' Meihe Teschhe,” Hiba Satsber, ' and Disthard Tautz

e B B S P W AR AR e Pezer etl. 2016
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Bapiauisa yMcna Konii: BUparkeHi
BIAMIHHOCTI MiXK Nigsuaamu

Bapiauja yncna Konii, He nos’A3aHa i3
nigsuaamu



Bunocnemnidiuai SNP—mapkepH 103BOISIOTH MiATBEPANTH MO3HUIIII KOMIi TeHIB B TeHOMI
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