4YTO HOBOIro MOXHO y3HaTb O
HaCeKOMbIX, U3yyas anUreHeTuKy?

T.[. KonecHUKoRa

UMKB CO PAH
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« Ymo HOBDZ20 MOXHO y3Hamb O HMUCIJEHLBHE Solitarious Gregarious

HAGCEKOMbIX, U3ydas 3NUcCHEIMIKY




MonudeHn3m - cNOCOOHOCTL OHOTO M TOTO Xe reHOTHNA
obecneunBaTh pasBHUTHe [BYX HNK Gonee AUCKpeTHLIX (PeHOTHNOB,
npuuyeM BLIOOP NyTH pa3BHTHA 3aBHMCHUT OT BHELIHHMX YCITOBMM.

OnpegeneHre nona y Bonnelia

_.—'-".-._F._F'_._.

Proboscis (may
2xtend 1 meter)

camel], XMBEeT B
penpoayKTUBHBIX

S. Gibert “Developmential biclogy”




CnocobHocTk K nonudeHu3my — ogHa U3
BaXXHeNLUX NPUYUH 3BOMKOLUOHHOIO ycnexa
HaceKOMbIX.



Metamopdroz— pacnpeaeneHue pyHKLIMM Meny CTafiMAMMK: NWYMHKA NWTAETCA M
PacTeT, UMaro pasMHONXAETCH M paccenseTca

Ce30HHbLIe Mopdh bl — Habop deHoOTMNOB,
Hanbonee oMMUManNbLHO NPUCNOCOONeHHbLIX K
YCNOBUAM CE30Ha

solitarious gregarious

OuckpeTHbie heHOTHNLI, NO3BONAIOUME
NPpUCNOCODUTHLCA K PA3NUYHbLIM YCNOBUAM MO
KONMMA4YSCTBY U TUMY NMWLLK

Locustamigratoria
Onthagophagus nigriventris
OnckpeTHbie peHOTUNDLI, CBA3ZAHHDbIS C© :
pasnuYHbLIMMK NOBeASHYSCKUMM

CTpaTermaMm

Kacthi 3ycoumManbHbIX HACEKOMbIX —
pa3aencHMe Tpyaa Mexay mopdamm




Kakue npu3Haky Yalle Bcero BapbuUpyroT?

Onthagophagus nigriventris

Sampsom et al | Polyphesism im msects. Cay Beol. 2011

*PaznuyuymMa no creneHd npoasneHus Mopd onoriyueckMx nNpu3Hakos
BapbupoOBaHWe [fIMHbI KPpbiNbes {B TOM YUCIE UX NMFIHOE OTCYTCTBME)
PaznnumMa no GepTMNnbLHOCTH WK PenpoAyKTUBHOW CTPaTEerMm

Paznuuua no OKpacKke Tena WM Kpbinbes



Kakue npu3Haky Yalle Bcero BapbuUpyroT?

T

o Ay L
Sampsoa et al | Polyphesism i msecis.
Caar Hiol 2011

*PaznuuMa no cTeneHM Mp-O-ABeeEHWA Hﬂp(l)ﬂl'lﬂl'ﬂ'-lﬂﬂﬂlll npMzHaKoS

Xu ot al, Natere. 2015 Mar 265197544647

BapbupoBaHUe ANMHLI KPLULEE {B TOM YMCIe MX NONMHOE OTCYTCTBUE)
*Paznuuna no GepTUnbHOCTH WK PenpoayKTUBHOM CTPaTerMm

Paznuuna no OKpacKe Telna UK Kpbinbes



; - Sy
O ipasous - Viviparous

Ogawa_ Miura, Aphid polyphenisms: frans-
generational developmental reguilatonthrough
viviparity

Front. Physiol_ 24 January 2014

*PaznuumMa no cTeneHyu NnpoaAsneHusa Mopd onorM4eckux nNpu3HaKkoB
BapbupoBaHue [IfIMHbI KPbiNbes {B TOM YMCHE UX NOJIHOE OTCYTCTBME)
Paznuuma no deprinbHOCTH MITH penpoayKkTUBHON CTpaTervm

*Paznuuua no OKpaCcKe TEna WK KpbLinbes



&

Harlequin bugs, Murgantia hisinonica {fam_
Pentatormidae). Black and yellow mdividuals were reared
at 22 and 300C respectvely.

Wet season {left) and dry-season {nght) Precs
octawia {fam. Nymphalidae) butterflies

Whitman _Agrawal_ 2009 What is Phenolypic Plasticity and Why s it iImportant?

*Paznuuua no cTeneH! NpoABneHuA Mopd onorMyeckMx nNpM3HaKkos
BapbupoBaHUe ANWHLI KPbLUILEB {B TOM YMCIE UX NOMHOE OTCYTCTBUE)
*Paznuuna no GepTUnbHOCTH WK PenpoayKTUBHOM CTPaTerMm

Paznuuna no OHpDACKe TElNa MMM KDbINLEB



11 Endocrine Control of Insect Polyphenism

K. Hartfelder
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BapbupoBaHue ANWHDbI KPbUNbeB {B TOM YMCIe WX NOMTHOE OTCYTCTBUE)
*Paznuuua no GepTUNbLHOCTH WK PEeNpPoaYKTUBHOM CTPaTervm
*Paznuuua No oKpacke Tena WM KpbUibeB

*Paznuuna no creneHM npoABNEHNA Hﬂpd)ﬂ'lﬂl'“'-ﬂclllll npu3HaxkoB

Buibop ¢heHOTMNA onpefenseTcd EHELUHUMM YCIIOBHAMM
MaBHble YYaCTHHUKHK ynpaBefieHHA EbIOOpOM HanpaEneHMs pasBMTHA — MOPMOHDI

juvenile hormone

ecdysteroids

insulin-signaling pathway



MHoXecTBO EMAOR Dabouek MMeloT ce30HHbIe MOpdbl, pasnuyialoliMecs
no uBetTy ({TeMHas-CEBeTnas OKpacka) M PUCYHKY Ha KPbLNbAX

B ocHOBe BapHal|Mi NeXHT YyBCTBHTENbHOCTL K TEMIIEe patype H (hoTone proy Ha CTafiHK
JIHYHMHKH

Junonia (Precis) coenia Bicyclus anynana

(@) Short days, Cool temperatures (a) Dry Season, Cool temperatures

Ecdysona
L Ecdysteroid

VAN

(b) Long days, Warm temperatures

. 3 #
B A

— 1l T g

xéh&?sana

.

Hartfelder, Emien 2012 Endocrine Controd of iInsect Polyphenism



Ce30HHaA H3MEeHYMBOCTL OKpPAaCKM KpblUnbkeB y Araschnia levana

"el:’l'pﬂlphl.ﬂhﬂlll.lﬂ HIMEHMIME4dA

BeceHHee nokoneHwe JIleTHee nokoneHuwe



MNonndreHnsm — YacTHLIA cny4yad peHOTMNHYEeCKOH NNACTHYHOCTH

IuckpeTHOCTL (PeHOTHNOE MOXeT ObITh CEA33aHa C PpasEMTHEM B
AMCKPCTHBIX YCNOBHMAX

Development and evolution of adaptive polyphenisms

H. Frederlk Nijhout

Department of Biology, Duke University, Durham, NC 27708, USA
Correspondence (e-mail; hin@ duke.adu)

EVOLUTION & DEVELCPMENT 2003

Polyphenisms come about in two very different ways:

1. through environmental discontinuity
< 2. through switching of developmental pathways
- "/
-
o~ //

-
I

Env'i Env't Environment

L 4

PeHoOTMNIMUYECKaA NNACTWMHOCTDL Y NeCTPOKPLINbHMLLI U3BMEHUMBOW Araschnia
fevana. I'lpyn co3aHMM NPOMEXYTOUYHLIX YCNOBWA MAK NPHA NOMOLLIM MHLEKLMA
3KAM3OHA MOXHO NONYUHWTH NPOMEXYTOUHLIE (PEHOTHUIDbI.



Bhibop reHOTMNA ONpeaenseTca BM3yanbHbLIMM CTMMyNaMM

=

OPEN £} ACCESS Fresly availabls anline = PLUS ONne

A Reversible Color Polyphenism in American Peppered
Moth (Biston betularia cognataria) Caterpillars

Mohamed A. F. Noar™®, Robin 5. Parnell, Bruce 5. Grant
Biskay Dipaimest, Colbgs ol Wilim & My i Ve, Willsrbisg, Vieaais, Usted Stbe of Asdies

Abstract

Insect body color polyphendsms enhance survival by producing aypsls in dverse backgrounds, YWhike color polyphendsms
are often indirecly induced by temperature, reaning density, or digt, insects can benefit from immediate orypeis i thay
wvnhe polyphendum disectly induced by exposum to the background color, henoe immodiately d protection from
predation. Here, we examine such o directly induced coler polyphenism in caterpillars of the geometrid peppered maoth
(Bran betwldral This lefval color polyphenam is unseatid to the genetic polymarphism for melanic phenotypes in adult
maths 8 befulorio caterpillars are generalst feeden and devieop body colors that chosely match the brown or green twigs
of thelr host plant. We expand on previous studies amining the proximal cwes that stimulate olor dedlopment. Under
controded rearing condithons, we manipulated diets and badoground reflectance, using both natursl and artificial twigs. and
shiver that wisual experence has o much stronger effect than does diet in pmngngre:umhr matching Thewr induced
body cokor was ot & simple regponss 1o reflectance o light inteniity but instead specifically matched the wavelength of
fight to which they were exposed. We also show that the potential to change color is retaingd until the final (sixth) bidal
instar. Gheen their broad host range, this directly Induced color polyphenism By provides: the catenplllars with strong
protection from bird predation.

visual experience has a much stronger
effect than does diet in promoting precise
color matching

specifically matched the wavelength of
light to which they were exposed.

the potential to change color is retained
until the final (sixth) larval instar.

Figuara 1. Sito bl cutidpillics on Biech () aod willow [right),
ok 10U 3T Rourmal pons B003 142 901

{{)). PLoS ONE | www.plosone.org 1 September 2008 | Volume 3 | Issue 9 | e3142



Bbibop cheHoTUNa onpegensieTcs
KONMUYECTBOM U TUNOM NMULLMU



INee mopdl y Nemoria arizonaria

| Beceﬂnnn upd)a

P4a3BMBAETCA NO YMOIMaHHWIO

RYAAAS

A Diet-Induced Developmental Polymorphism in a Caterpillar S. Gibert "Devehpmenl‘albinhgy'
Author(s): Erick Greene

Source: Science, New Series, Vol. 243, No. 4891 (Feb. 3, 1989), pp. 643-646




Nutrition strongly influences
insect body size

MHCYNMHOBLIM Kackal— [IpeBHAA CHIHANbHaA CHCTeMa, KOTopan
Y MHOIMMX XXMBOTHbIX, BKINMIOYaA HACEKOMbIX H MINEKONHTalOLIHNX,
OTBeUYaeT 3a a1alITALHIO OPraHHM3Ma K KonebaHMAM KONMUYeCTBa

AOCTYNHOM NHLIMK.

iInsulinf/insulin-likegrowth factor (l1S) kackan
Target of Rapamycin (TOR) signaling kackapg,

IIS/TOR kackan BNMAKOT HA pasMepbl K GOopMy Tena, perynupysa npoaykumio
ropmoHoOE {ecdysone, juvenile hormone)} 1 HenocpeAcTEeHHO yNpaenas
pPOCTOM M filenneHMeM KNeToK.

{remtiers im REVIEW ARTICLE o
publshad 38 Sepicn o | |
PHYSIOLOGY e s :%

Mechanisms regulating nutrition-dependent
developmental plasticity through organ-specific effects in
insects

Takashi Koyama, Claudia C. Mendes and Chasten K. Mirth *

- riesp, Caeas, Perhugs



IIS/TOR kackan MoOXeT BNUATL Ha POCT M pasBuTHE | Hartfelder, Emlen 2012

Pd3HBIX OPraHOB HENMNPONOPLHOHANBHO 4 " .
s *,\_-‘E‘Ei"" ' W, T
Onthophagus taurus 5 _" o Lo g R R

Pa3mep Kpbinbeés NponoplUMoHaneH pa3Mepy
TENA

Pﬂﬂﬂﬂp reHMTanMM NoOYTH He 3aBUCHUT OT A
= f
pa3Mepa Tena Lqumraemsl MOCTOAHHBIM g k |’
noAAepXaHueM BbICOKOTo YPOBHA s >
akrusHocTH lIS/ITOR kackapa He3aBMCUMMO OT : 7
BHELIHWX YCIOBUMN) p
Sl = R
KpynHbie caMiibl HMEIoT ; AT QT
HenponopUyUuoOHanLHO oonblIMe pora s
{nocTMraeTcA NOBLILEHHOMW =
£ o
YYBCTBMTENLHOCTLIO 3a4aTKOB OpraHa K o Pres =3 & ’Iﬁi
koMmnoHeHTaMm lIS/TOR xackapa, noporoBbiM ' ) J )
3drdexTom) Nutrition
fremntiers fin REVIEW ARTICLE 25
PHYSIOLOGY ks s oo 013 S
nﬂpoBhlﬁ athdexT — Mechanisms regulating nutrition-dependent
AMCKPETHOCTL q)'EHUTIII'IBB fjeveimpmental plasticity through organ-specific effects in
Insects
Takashi Koyama, Claudia €. Mendes and Christon K. Mirth *
Develoomant, Eualution snal the Emvonmant Laborstory, insttuto Slabanien de Céincas, Coras, PFortupal




JinuHa KpPbLNbLEE Y PUCOBOM LIMKAAKH PerynMpyeTci MHCYNMHOBLIM
CHMIMHANbHbIM KackafloM

KopoTxoxphinas H
ANMHHOKPbINAaA MHIPHpyIOL|asn
{popmbi OypOH pHCOBOH
uuxanxu Nifaparvaia lugens.

Ha BEPOATHOCTb Pa3BUTHA
ANMMHHOKP LU W
KOPOTRORPLINbLEX (GopM BAKUAST
MACTHOCTD NOMYMALMA W
K3aYeCTBO MULLW.

T iirvsaiin
Xu et al, Nature. 2015 Mar 26519 7544)-:464-7

lirusaliiny aird il B i e

XuHJ, Zhang CX. Philos Trans R Soc Lond B Biol Sci 2017 Feb 5372{1713). pa: 20150489. Review.

Htpjfdunulynimvnsh_mmmm : pmencnie diya drevney requivalomoy sistemy dima kylev v nsovoy tskadia requir
ueisya msulnovym signalinym_kaskadom



MeaoHoCHasa nyena
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/ queen
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pheromone
long life span
Dl ET (»2 years)
Royal Jelly =
‘ . spermatheca
_) - g — & & active ovaries
faster development — N
{~13 days) Queen barbless sting
< ¥
g slower development
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Worker Jelly| — (3-6 weeks)
DIET
\ corbicula
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IOBeHMNbLHLIM HHWHHHDBHI;I What Do Studies of Insect Polyphenisms Tell Us
about Nutritionallv-Triggered Epigenomic Changes
rOpMoOH Kackan e e $

and Their Consequences?

Andrew G. Cridge . Megan P. Leask °, Elizabeth J. Duncan * and Peter K. Dearden =



da3oBas UBMEHUYUBOCTb Y CapaHun

BnepsBbie Ha 3TO ABNEHUe y capaHYyOBLIX, B YACTHOCTU Y
asuarckou capaHuu, obpatun BHuMaHue B 1311 r. b.IL
YBapoB.

migratory locust {L ocissta migratoria)
desert locust {Schistocerca gregaria)



BLi160op dheHOTHNA onpefenseTcs MNOTHOCTLIO CKOMNeHUA
ocobeM

- r L -

C Multiple of greganous value
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Mepexog or oaHOM a3kl K APYIOM
MOXHO 3anyCTHTL:

TaKxTMNbLHbLIMM KOHTAKTAMHM
‘BMsyanbHbLIMHM CTMMYTaMH
XMMMYECKHMH BellleCTEaMH
{ropmoHnbl, alkylated L-DOPA
analogue from egg foam, __.)

Bumows elal., Epigenetic remodelling ofbrain, bodyand behaviour during phase change
in locusts_Neural tCimcuils. 2011 Jul 26;1{1):11.




Juvenile hommone and ecdysteroid titers during embryonic and post-embryonic
development of solitary and gregarnous morphs of migratory locusts (Locusia migraloria

and Schistocerca gregarna).

eqq size and/or solitary
maternal factor . . s greganous
in egg pod foam [His’}-corazonin phase not determined
JH
- [
\,L" .l' -
LN ’.r Taif
embryo / pronymph \\ 4th nymph 5th nymph
"
)
ecd '
I 3 s
;"‘ " "'I oy
. _-f' I',.IJ ..1.; 'I-‘I\- ;' 11I ‘r". . /
embryo / pronymph \ 4th nymph 5th nymph
S. gregaria

Hartfelder, Emien 2012 Endocrine Controd of iInsect Polyphenism



Mporpamma pasBuTHA ®eHoTUN 1

S genotun 2
A WA

LIHC, ropMoOHbI

Ft1

cpena

[[eHOTUN

FoOpMOHBbI — KpaTKOBpeMeHHO [IeHCTBYIOLMe (DaAKTOPbI!

Kak kpaTkoBpeMeHHO ieHCTBYIOLMe (DaKTOPLI NPHBOAAT K
(hopMHpPOBaHMIO CTAOMNBHLIX MCKPETHLIX (hbeHOTHNOB?



Mporpamma pasBuTHA ®eHoTUN 1

i deHoTUN 2

|

TkaHecneLM(pUyecKkHe peLienTopbl K rOpMOHaM
TkaHecneckMe CHrHanbHbie Kackaabl
PerynauuMsa KNEeToOMHOro LUMKNa, AieNneHue KNeTokK, pocT KNeTok

PEIMNYINALUUA SKCINPECCUMU T'EHOB!

]

LIHC, ropMoOHbI

f 11

cpeaa

[[eHOTUN

\




M TyT Ha cueHy BbIXOAUT 3nureHeTuxal



OcHoBHas gorma MornekynsipHoi Guonorunum:

NHK = PHK —» BEJIOK



OcHoBHas gorma MornekynsipHoi Guonorunum:

NHK = PHK —» E:E"J'IOK
|

{comacHO KNacCHYeCKOW reHETHKE)

INHK otBeTCTBEHHA 3a XpaHeHue, nepeaady U peanusaluio
HacneacTseHHON MH¢popMaLIMK

To ecTh, B J1HK zakoauMpoOBaHa BCA HacneaAcTBeHHaA nHopMaLmMa?






OauHaKOBbIM FreHOTHN — pa3Hbie (heHoTHNbI

Hacnegoranue dpeHOTMNA Yepes NOKONEeHHe Ha YPOBHE OpPraHM3aMa

Schistocerca gregarna




YTo Takoe IMNFEHETUKA?

B 6onee ob1eM cMbicie NpeMeToM 3NMUINeHEeTUKH
AABNAIOTCA ABMIEHUA, CBA3aHHbIE C pa3BUTUEM
pasnuuHbIX (PeHOTUNOB K/ETOK W/IM OpraHu3MoB Ha
OCHOBEe OlHOIo reHoTuna

B 6onee Y3KOM CMbICHNE DIMMMNEHETMKa - pa3fen
MNeHeETMKM, KﬂTﬂphlﬁ M3IYyUacT HaCneyembice
n3MeHeHUMHA aKTMBHOCTM TreHOB BO BpeMsA pa3BMTUA
oOpraHnM3Ma MM fEeNCeHNA KNETOoK.

JNHreHeTHYECKOe HacneijoBaHKe — HacnejoBaHMe NaTT epHa
SKCNpecCHH reHoe

(apxvTeKTyphl AApa, LLleHTPOMEpPbl, BPEMEHN PennUKaL¥n. )

MHoxecTBo agneHuH, obbeguHAeMbIX No CXOOCTBY MONCKYNAPHLIX MEXAHW3IMOB



nporpaMma
pasBUTHA

[EHOTUMN ——————fp IMUCHOTUMND! ——) (PEHOTUMN
NATTEPHL SKCNPEeCCHA

reHoB

ftt 1t

cpega cpega
«MaMATL» Ha pa3HbIX YPOBHAX

KneTouHbIH ypOBeHb HacnenoBaHue cocToaHna anddepeHLUpOBKNA
BHYTPMKNETOYHbIN YPOBeHb HAaCREeoBaHWe LIeHTPOMEPDI, apXUTEKTYPbl Af1pa K Ap.

OpraHnameHHbIN YPOEBEHb HacnegosaHwe ocobeHHOocTen MeTabonnuama, NaMsaTb

TpaHcreHepal|MoOHHOe HacneoBaHWe



nporpaMma
pasBUTHA

[eHOTUN )y I[TNTEHOTUINDbI

NATTEPHL SKCNPEeCCHA
reHoB

ftt 111

«MaMATL» Ha pa3HbIX YPOBHAX

KneTouHbIH ypOBEHb
BHYTPMKNETOYHbLIN YPOBEHb

OpraHnusmeHHbIM YPOBEHb

TpaHcreHepalMoOHHOe HacnefaoBaHwe

cpega

IJnUreHeTMyYecKme
MeXaHM3MbI perynsuum
aKcnpeccHM reHoR!



Kak 3anncaHa nHdpopmMmauumna o gudbdpepeHuManbHOU
3KCnpeccun reHoB?



Kak 3anncaHa nHdopMmauusa o nndbdhepeHUMnan btHOW
aKcnpeccuun reHoB?

® -B [JHK zaxoaupoBaHbl 02K — perynartopbl, y3HalolMe MeTKH,
3anucaHHble B nocnegoBatenbHocTH [IHK, Mmoandukamax
CTPYKTYPbI XpOMaTHMHa

@ -MeTku B nocnepoparennHocTH [1HK AnA yaHaBaHuA
cneymdpuyecKkMmMH (hbaKkTopaMM TPAHCKPMILMM M [1p. OenkamMm, MeTKH
AnA No3MLHOHMPOBaHKUA HYKIIEOCOM



MNeTna NONOXMUTENLHOM oOpaTHOM CBA3M nosBonaeT
noAnepXMBaThb reH B aKTHBHOM COCTOAHHMM

_



MNeTna NONOXMUTENLHOM oOpaTHOM CBA3M nosBonaeT
noAnepXMBaThb reH B aKTHBHOM COCTOAHHMM

O
OO

_



MNeTna NONOXMUTENLHOM oOpaTHOM CBA3M nosBonaeT
noAnepXMBaThb reH B aKTHBHOM COCTOAHHMM

NonoxmMTennbHan oﬁpaT HaH CBA3b



[eHHbIe ceTU. KOHTYpLI + U — 0OpaTHLIX CBA3e

CUMHAT 1

CUTHATI 2

IIBa AMCKpeTHLIX YCTOMYHBLIX COCTOAHMA CHCTeMbI!



JKcnepMMeHTanbHoe NepenporpaMMMpoBaHMe COMaTHYECKOMH KINeTKM B
CTBOINOBYIO

MNeHbl, NpenarcTByonHe
Andpe perajupoBxe, o/Ae pxHBaoLine
COCTOMHME CTBONOBOH KNETKH

TpaHcresHbld Octd
3aNMyCKaeT IKCNpeccHio
3HAOTEeHHOIO, 38 CYeT
MOMNOXMTENbHOH

o0 paTHOH CBA3H
3KcnpeccHs
YCHITHBAETCA M
noaaepxMBaeTcH B
KNeTO HbIX NOKONEH HiX

MNeHbl, OTBEYAI0LIHe 33
Andpe perinpoBKY

TpaHcdexmsa
PETPOBHPYCAMH, HECYLIHMH
HEeCKONbKO TPaHCIeHos, BT.4.

Oci4, paGoTalouni Mo: Takahashi, K. & Yamanaka, S. Cell {2006}
NOCTOMNO Wernig, M. ef ai. Natuwre (2007)

{Cxema 3HaunTenbLHO YNpoLeHa)




[eHHbIe ceTU. KOHTYpLI + U — 0OpaTHLIX CBA3e

CATHATT L CUTHAT 2

CurHan BHyTPpeHHUH
CurHan BHeLHUH!



Kak 3anncaHa nHdopMmauusa o nndbdhepeHUMnan btHOW
aKcnpeccuun reHoB?

Y 3yKapuoT ypoBeHb 3KCMpeccumn reHa B

3HaYUTEeNnLHOU CTeneHu onpegenAdaercd COCToOAHNEM
XpOoMaTHhHa.

CocTosiHue XPOMaTUhuHa MOXeET HaCllelOBaTbCH B
KINNeTOYHbLIX NOKOIeHNHAX



YpoBHM OpraHM3alMM XpoMaTHHa

nucleosomes

length: 2 m ‘T\‘! ; ,ﬁ (f?},DNA ] 11 nm

i

: |
histone modifications
hlstDrl'le H1

890858 ] v

|
domain organization

S AN ] 300-700 nm

mitotic condensation

chromosome

Epigeneics. 2007 Biildiby C_Davad Alls, Thoms= Jemasen, Danny R einbeng Cold Spang
Harhor Laboralwy Press, Cold Spring Hashar, Hey Work



KOMMOHEeHTbLI XpOMaTUHa, y4yacTByrLllne B
perynsiunn aKkcripecCcmim reHoB

{ ROTOPBIC IPHESTO CBI3RIBITE ¢ SIHTCHETHRKON )

@Memnupoeanne [QHK

@KoBaneHTHble MOAWPHUKALUKA MACTOHOB

@BapnaHThl MMCTOHOB

MOIYT HACNEAOBATLCA NPU PENNMMKALIMM OHK M1 MMTO3E!

@ Hexoampylouwue PHK

Manbie Hekogupyolgue PHK (SIRNA, miIRNA, piRNA)
AnuHHble Hekogupyiouwue PHK (InCDNA)



MetunupoaHue fJHK

o o |

'::‘P -0 AfeHUH
I N
O rf
P
0 N / N - ~0
_ n—""
O
O =k
| N LF
O |/
P
o N\’g_< . S
= I
9] o 2-nezoxkcu-B-D-putosza
OO 4
(:I:, Q Pocgpar

|
N
s I_\"'\l-\.,‘_
\l 0" 40



J :-:.\_':___'.,ﬂ-I:I ALEHHH |

H T -
| I N—H--Q i o
E . \).-'"- l..}_“_,l"I "."' y FIH
T/ AN C W i
0N '--{_f -« H— *:_} 4-0
.-If L
o = 2, M
L S Hy e
{D#O . 2 H -,
| M D= H—N ‘ O
o l'-'—-" \}_éﬁ 11 |
- F,
= g BES N "'-'(:/ “"J—h \‘:}
!
O o 03 r = :\- .r'g' N “'IH__CI d-] 2=nea0rci-f-D-pusoms
- LI TR J—H=
%f H [ L
| LpTosm9H ~0
@ | PoCgpar

=
] 0" 4.0
|8

 ¥YnpaBneHwe 3KCnpeccHen reHoB

 YnpaBneHwe anbTepHarMBHLIM CNNauCHUHIOM

« MoXxeT YacTUYHO nepeaaBarLca B cnegyolye NnoKkoneHus

« MoXxeT HCnonb3oBaTbca ANA HanpaBneHHoro NporpaMMMHpoBaHNuA MOMYaLlero
COCTOSIHMA M'eHOB B cnieagyollee nokoneHuwe (FeHOMHbIM MMMPUHTHHT)

- KoHcepBartMBHas CMCTEMa, HO MHOXeCTBO BapHaLlMA

D. melanogaster— DNMT1 n DNMT3 omcymcmayiom
Henxonpsd, xpyw Tribolium castaneum DNMT3 oTcyTrcrByeT
Y aycoluanbHBIX HACEKOMbIX U ¥ capaHun npucyTcTeyeT 0be JIHK-meTwnTrpaHcepasnl
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AHK
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KOMMOHEeHTbLI XpOMaTUHa, y4yacTByrLllne B
perynsiunn aKkcripecCcmim reHoB

(R'{}'T{}',UBIE IINTHITO CBA3BIBATE ¢ EHHT'EHETER'UI?) CTa3OMNbLHOCTL ﬂBﬂﬁHﬂﬁ
_» Cnupanun 1HK
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perynsiunn aKkcripecCcmim reHoB
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a Tactile simulation
(maternal licking and grocming)

FoOpMOH AeHCTRYEeT
KPaTKOBPEMEeHHO,
NaTTepH 3KCNpeccuM
reHa peuenrtopa
KOPTH30/1a MEHAETCH Ha
BCIO XXM3Hb!

b Low maternal licking High licking matermal <
and grooming and grooming Hippocampus

¥
- ™ myl

e

: (NGFIAY
- Mric] ot - Nricl CRE
L i
+ GR expression T GR expression I
l v . ACTH
High corticosterone levels Low corticosterone levels |
High anxiety Low anxiety =
Low licking or grooming High licking or grooming (Adrenaly) —— Glucocorticoids-

Damel A. Hackman, Martha J. Farah & Michael J. Meaney
Nathime Reviews Newroscrence 11, 6561-609 {(Seplember 2010)



PELIEITOP FoOpMOH AeHCTRYeT

ROpTMIONa KpaTKOBPEeMEeHHO,
+ naTTepH aKCNpeccHM
TTMMNNoKamni reHa peuenrtopa
KOPTHM30ra MEHAETCA Ha
l BCI0 XH3Hb!
rmnoTaramyc

KIl
l + Ba30NpeCCHUH
OKCHTOLMH —

runocpunsa
l + AKTT

HaArno4vYye4yHKu

L

KOPTU30I
cTpecc



BaxHeMLune BONPOCHI B pAMKaX 3NMIeHeTMKN — KaKk cobbImua,
npoucxoasuiMe Ha paHHMX 3Tanax pasBUTHA BIMAIOT Ha 3A0POEBLe,
noeegeHue... (PEHOTMUIT) B 6bonee nosaHKe nepHoabl

NMNonndgreHU3sM HacekOMbIX — NpekpacHana Moaenk!



YTOo HOBOrO yXe y3Hanu o nonudgpeHusme
HaceKoOMbIX, MTPUMMEHAS INUTeHETUYECKYIO
METOAONOTMUIO



YTo HOBOrO yXXe y3Hanu o nonudeHn3me
HaceKoMbIX, NPUMEHSAS SMUreHETUYECKYIO
METO,0MNOr N0

JnMreHoOMHbIe noaxoAbl:

AHanNM3s TPaHCKPUNTOMOE, METUNIOMOB, pacnpegaeneHua MoamduKaLmm
MMCTOHOB. ..

Yro MPOMCXOOMT NPH OTKNHYCHHA SNMHIMCHETHYECKHX MEXAHH3IMOB
MM HX KOMNOHEHTORB



Ana aHanMsa naTrepHORB 3KCNpecCHM reHOBR HYXHO OTCeKBeHHMPORAThHL NeHOM

NeHOMBI SYCOLMHANbHBIX HACCKOMBIX

2006 r. [locTynHa nMUbL YepoHORaA cbopka reHoma A. mellifera

Honeybee Genome Sequencing, C. Insights into social insects from the genome of the honeybee Apis
meliifera. Nature 443, 931-849{2006).

PeBOniOLIMA B TEXHONOIMMAX CEKEEHHPOBAHMA, CEKE€HHPOBaHMe HOBROIO
nokoneHMa {nexi-generation sequencing technologies)

Bonasio, R. ef al. Genomic comparnison of the ants Camponofus flondanusand Harpegnathos salfator.
Science 329, 10681071 (2010).

Gadau, J. ef al. The genomic mpactof 100 million years of social evolution in seven antspecies. Trends
Genet 28,14-21{2012).

Oxley, P.R. et al. The genome of the clonal raiderant Cerapachys biroi. Cuir. Biol. 24, 451458 (2014).

Kocher, 5. D. ef al The draftgenome of a socially polymorphic halictid bee, Lasioglossum albipes.
Genome Biol. 14, R142 {(2013).
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Apis mellifera (honey bee)

Representative genome: Apis meliifera (assembly Amal_4.5)
Doraminad sequances in FASTA format for genome ranscripl, proten
Cownicad genome annotabion in GFF, GenBank o tabular format
BLAST against Agis meliifera genome

All 2 genomes for Species:
Browse the list
Dowrioad sequente and anngtaton fiom RelSeq or GenBank
Display Sethings: » Chreriaw Send o -
Organism Overview . Genome Assembly and Annotation report [2] | Organelle Annotation Report [1] 1D 48

Apis mellifera (honey bee)
Tha honey bee 5 3 social insect, important for agneultural and biomadical research studies

. Lineage: Eukaryotaj2425); Metazoa[S12); Ecdysozoal37T]; Arthropoda{269); Hexapoda[253]; Insectal25d); Prerygotal250]; Meopteral248);
Holometabola[211]; Hymenoptera[S1]: Apocrital47]; Aculeata[25]; Apoideajt4]; Apidae[11]; Apis{4]; Apis meliifera]1]

Tha honey bee (Aovs medifera) s a valuable organism for study dus 1o its unique behavioral traits and social instincls. A medifera is important to the
agncultural community as a polinator and 1o researchers as a modal for studies in immunity and diseases of the X chromosome. Thesa
characteristics of the haney bea were instrumental in its assignment as a high prionty arganism for genome sequancing by the Matonal Human

Genome Research Institute (WHGRI). Less
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ARTICLE

Recewed & Aug 2013 | Accepled 19 Nov 2013 | Published 14 Jan 2014

The locust genome provides |r|5|ght into swarm

formation and long-distance flight

OPEN

Xianhui Wang', Xiaodong Fang?, Pengcheng Yang'?, Xuanting Jiang?, Feng Jiang">, Dejian Zhac', Bolei L,
Feng Cui', Jianing Wei', Chuan Ma'?, Yundan Wang'?, ling He', Yuan Luo', Zhifeng Wang', Xiacjiac Guo',
Wei Gua', Xuesong Wang1-3‘, ¥i Zhang', Meiling Yang', Shuguang Hao', Bing Chen', Zongyuan Ma'3, Dan Yu',
Zhigiang Xiong?, Yabing Zhu<, Dingding Fan?, Lijuan Han? Bo Wang?, Yuanxin Chen?, Junwen Wang?, Lan Yang?,
Wei Zhaol Yue Feng?, Guanxing Chen?, Jinmin Lian2, Qiye Li¢, Zhivong Huang? Xiaoming YaoZ, Na Lv®,

Guojie Ehangz, Yingrui Li?, Jian Wangz, Jun 'Wangz, Bacli Zhu® & Le 1‘5.,.ar'|g«;1'3

Locusts ane one of the world's most destructive agricullural pests and represent 2 wseful
madel systern in entomalogy. Here we present a draft 6.5Gb genome sequence of Locusta
migratona, which i the [argest animal genome sequenced so far. Our findings indicate that
the large genome size of L. migrotoria is kkely to be because of transposable element pro-
liferation combined with slow rales of loss for these elements. Methylome and transcriptome
anakyses reveal complex regulatory machanisms invalved in microtubule dynarmic-mediated
synapse piasticity during phase change. We find significant expansion of gene families
associated with energy consumption and detoxification, consistent with long-distance flight
capacity and phytophagy. VWe report hundreds of potential insecticide target genes, including
cys-loop [gand-gated ion chanmeds, G-protein-coupled receptors and lethal genes. The
L. migradovio genome sequence offers new imsighis into the biclogy and sustainable man-
agement of this pest species, and will promete its wide use as a model system

We identified a total of 4,893 differentially
expressed genes in at least one of the time
points during both processes, and this
accounted for 28 3% of the gene sefs.

Gene ontology (GO)analyses showed thesefell
into a variely of categories, indicating that
phase change induceda broad range of
changes in CNS gene expression.



Differences in patiemns of hoim growth are refliected by differential ranscription ofgenes.
Expression profiles for head tissues ofsmall, homiless males {S) more closelyresemble
comparable tissues offemales (F), than they do those of large, homed males {(H). Photos D.
Emien; botiom panelreproduced with permission from SnefHRood et al. (2010).

Harifelder, Emien 2012 Endocrine Conirol of iInsect Polyphenism



Comprehensive microarray-based analysis for
stage-specific larval camouflage pattern-
associated genes in the swallowtail butterfly,

Papilio xuthus
Futahashi et al.

() BioMed Central Futahashi et al BMC Biology 2012, 10:46
http e biom edcentral com A 741 -T00710/48 (31 May 2012)
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O6Hapy¥eHbl TPaHCKPHUNLMOHHBbIE (PaAKTOPLI, yYacTByIOLUe B perynsiuv
Pa3BUTHA KacT B pasHbiX Ipynnax 3ycouuanbHbIX HaCeKOMbIX

Simola, D. F. et al. Social insect genomes exhibit dramatic evolution in gene composition and
regulation while preserving requlatory features linked to sociality. Genome Res. 23, 12351247
(2013).

CpaBHeHue okono 30 reHOMOB OAWHOYHBLIX W 3YCOLWANbHLIX BUWAOB HACEKOMbIX BLIAABW
0CcOBEHHOCTHY 3BOMIOLUK CAWTOB CBA3LIBAHNA TPAHCKPUNLUMOHHLIX (PAKTOPOB Y 3YCOLWANbHbLIX
HaCeKOMbBIX.

B yacTHoCTH, BLICTPO 3BOMOLWMOHNPYIOT HEKOTOPLIE NeHB C HEMPOSHAOKPUHHON (DYHKLIMEH, W

MMEHHO 3TH reHb NOKa3bLIBAIOT CXOAHYI0 AndbepeHUWanbHYIO 3KCNpeccrio NpU cpaBHeHWH
KacT Yy pasHbiX BUWJOB MypPaBbeB W Muen.



PdaxTbl B NonNbk3y BEaxHoCcTH andydepeHuManLHOro metTunMpoeaHuna [1HK npu
(bOpPMHMPOEBAHMM KaCT Y 3yCcOLMaANbHbLIX HACEKOMbIX

MHrnbupoeanne [IHK-meTunTpaHcepassl y 3eMnaHOro lwMensa
npyBOaMT K nepexoany pabounx ocobel K pasMHOKeHWIO
Amarasinghe etal_ 2014 Methylahon and

worker reproducton in the bumble-bee (Bombus
lerresins). Proc. R Soc. B281, 20132502 .

mbus terrestns

-

NMAYKMHKM MNEenWHBbIX MaTOK ¥ MeOHOCHOW Uenbl nMeloT bonee
HW3KMHA OOLMK YpOBeHb METWIVMPOBAHWA reHOMA, YeM NTIMYNHKA
pabounx ruen. HokgayH reHa, kogvpyiowero DNMT3 y nMunHOK

pabounx nuen NpyMEOANT K pasBUTHIO (beHOTUNA, BNM3KOro K

CbEHDTHI'I}f MenMHoN Md4dTKM, B HaCTHOCTH, Pa3BUBaIOTCH ANYHHMWUEKNA.
Kucharsia, R, Maleszka, J_ Forel, 5 & Maleszka, R Nulnbonal conbmd of
repmductive stalus m honeybees via DNA metiwlabon Scence 319, 1827
16830 (208). This paper presesls ibe st fencional evidesce of the
reguiaiory mole of DNA metiylaon i reguising casie ble i essocial
msects.

? MeTnnuposanne [JHK nHmbupyeT pasarmie MaTtii, MaTOUHOE MOMIOMKD CHUM3ET 3TO
WHMIMbuposaHue?

MaTouHoe MONOUYKD BNUAET HA MHCYNWHOBLINA KAckan
MaTounoe monouro cogepsxuT HHIMBMTOP AeayeTunasbl meToHos 10HDAL

Nature Reviews Genetics 15, 677688 (2014)



D. F. Simola, C. Ye, N. 5. Mutti, K. Dolezal, R. Bonasio, J. Liebig, D. Reinberg, S. L.
Berger. A chromatin link to caste identity in the carpenter ant Camponotus
floridanus. Genome Research, 2012

The Jowmal of

Robinson et al., Insect Mol Biol. 2016 Exp lﬂﬁ.;;ltal

Altemative migratory locust phenotypes are
associated with differences in the expression of
genes encoding the methylation machinery.




Queen pheromones modulate DNA Biol. Lett. 2016
methyltransferase activity in bee and

ant workers

Luke Holman', Kalevi Trontti>® and Heikki Helantera**

‘Division of Ecology, Evolution & Genetics, Research School of Biology, Australian National University, Canberra,
Audralian Capital Temitory 2601, Australia

“Department of Bioscdiences, Division of Genetics, University of Helsinki, Helsinki 00014, Finland

entre of Excellence in Biological Interactions, Department of Biosciences, University of Helsinki, PO Box 65,
Helsinki 00014, Finland

Hvarminne Zoological Station, J. A. Palménin tie 260, Hanko 10900, Finland

DNA methylation is emerging as an important regulator of polyphenism in
the social insects. Research has concentrated on differences in methylation
between queens and workers, though we hypothesized that methylation is
involved in mediating other flexible phenotypes, incuding pheromone-
dependent changes in worker behaviour and physiology. Here, we find that
exposure to queen pheromone affects the expression of two DNA methyltrans-
ferase genes in Apis mellifera honeybees and in two species of Lasius ants,
but not in Bombus terrestris bumblebees. These results suggest that queen
pheromones influence the worker methylome, peinting to a novel proximate
mechanism for these key sodal signals.

Our data provide evidence that adult A. mellifera, L. niger and L. flavus workers
change their DNA methylation profile in response to queen pheromones.
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SBOMNOLUMOHHAaA NNacTUYHOCTL!!!

2010

Trends in Ecology and Evelution Vol 25 Nob

Nature versus nurture in social insect
caste differentiation

Tanja Schwander®*, Nathan Lo®, Madeleine Beekman®, Benjamin P. Oldroyd® and
Laurent Keller®

"Simon Fraser University, Biological Sciences, BSE8 University Drive, Burnaby V54 156, Cansda
* Bahaviour and Genetics of Social insects Laboratory, School of Biological Sciences A2, University of Sydney. Sydney. NSW

2006, Australia

University of Lausanne, Biophore, 1015 Lausanne, Switne rland

Spacies Data type Reforonces
Vespula maculifrons G [24]

=3 Formica exsecta G 23]

= Mycocepurus smithii I [25,26]

':: Apis cerana G [22]

£| A mellifera LE, G [9-12,15-21]

§ F. truncerum G [23]

E Cardiocondyla kagutsuchi E [31]

- Fogonomyrmex badius ] [30]
P. rugosus E,G [28]
Acromyrmex achinatior G [23]
Harpagoxenus sublasvis E [34,36]
Leptothorax sp. A E [35]
Reticulitermes speratus E [37]
Melipona ssp E [33,40,45]
FPogonomyrmex lineages E, G [60-52]
Solenopsis xyloni x G |57 .58]
geminata hybnds
Vollenhovia emeryi G [60,61]
Wasmannia auropunctata I G 159]

Species with strong genetic effects on caste

Many southern US populations of Pogonomyrmex contain
differentiated genetic lineages, most or all of which derive
from historical hybridization between the harvester ants
P. rugosus and P. barbatus [47 48]. These lineages always
occur in pairs [49] and queens in each lineage-pair mate
multiple times with males of their own as well as with
males of the alternate lineage. Interlineage offspring
develop into workers, whereas intralineage offspring
develop into queens [47,50-52]. Crossing experiments
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