A ,
YTO HOBOro MOXXHO NMOHATbL MNPO
3NUreHeTuKy, usyyasa nonndgeHn3m
Yy HaCeKOMbIX

T.[1. KonecHukoBa

WMKB CO PAH

solitarious gregarious
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YTO HOBOro MOXXHO y3HaTb O
HaCceKoOMbIX, Usyyas SNUreHeTuKy?

T.1. KonecHukoBa

UMKB CO PAH

HI'Y (kypc «3nureHeTuyeckme MexaHuM3Mbl perynsiuMm aKCNpPeccum reHoB»)
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NMonudeHnsm - cnocCoObHOCTbL OAHOIMO U TOro XXe reHoTuna
obecneynBaTb pa3BUTUE ABYX UK Oonee ANCKPeTHbIX PeHOTMNOB,
npuyem BbIOOP NYyTU pa3BUTUA 3aBUCUT OT BHELLHUX YCITOBUMN.

Onpepgenexnve nona y Bonnelia

|«——10cm —— ‘>| caMka

Proboscis (may —
2xtend 1 meter)

camell, XUBET B
PENPOaYKTUBHbIX
NyTAX CaMKM

*=—=3mm—%

-

S. Gilbert “Developmental biology”



CnocobHocTb K nonudgeHnsmy — ogHa n3
Ba)XXHEeMLWIUX MPUYUH IBOJIIOLMOHHOIO ycnexa
HaCeKOMBbIX.



MeTamopdo3 — pacnpeaneneHne yHKLUUN MeXay CTaausMU: FIMYUHKA NUTaeTCA U
pacTeT, UMaro pasMHOXaeTcs MU paccensieTcsi

Ce30HHble Mopdbl — Habop deHOTUNOB,

Haun6ornee onNnTUManbLHO NPUCNOCOGNEHHbIX K
YyCNOBUSIM Ce30Ha

solitarious

gregarious d

| -(.-'.;?a"‘?i AuckpeTHble heHOTUNbI, No3BOoNsoLWKne
4 ! NPUCNOCOOUTLCA K PasfnMYHbIM YCIIOBUAM MO
,'/ KONMMYeCTBY U TUMNY NULLN
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2
.

»

S % !‘-
v \
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Locusta migratoria VN A

Onthagophagus nigriventris
AuckpeTHble heHOTUNbI, CBA3aHHbIE C :

pa3nu4HbLIMU NOBeAeHYeCKMMMU
cTpaTerusimm

KacTbl aycounanbHbIX HACEKOMbIX —
pasaeneHuve Tpyaa mexay mopdgamu




Kakue npu3Haku 4auwie Bcero BapbUpyroT?

Onthagophagus nigriventris

Simpson et al., Polyphenism in insects. Curr Biol. 2011

*Pasnnuns no cteneHu nposiBrieHUsa MopcgonorMieckux npuU3HaKoB
‘BapbupoBaHue ANnHbI KpbifibeB (B TOM YMClie UX NOJSIHOe OTCYTCTBUe)
*Paznuuus no pepTUNbLHOCTU NN PEeNnpPOAYKTUBHOMN CTpaTerum

*Pa3nunuumga no OKpacCKe TeJia Uunn KpbinbeB



Kakme npusHaku yawe Bcero BapbupyroT?

Xu et al., Nature. 2015 Mar 26;519(7544):464-7

Simpson et al., Polyphenism in insects.
Curr Biol. 2011

*Pasnunumna no creneHun nposiBneHMsa Mopdonornyecknx npu3HaKkos

‘BapbupoBaHue AnNUHbI KpbiSibeB (B TOM YMcCsie UX NONHOEe OTCYyTCTBUE)
*Paznuuus no pepTUNbLHOCTU NN PenpPOAYKTUBHOM CTpaTerum

*Paznunumsa no OKpacCKe TeJsia unun KpbinbeB



Parthencgenesis

- ‘.*‘
Dyiparaus. Viparous

Simpson et al., Polyphenism in insects. . . . .
curr Biol. 2011 Ogawa, Miura, Aphid polyphenisms: trans-

generational developmental regulation through
viviparity
Front. Physiol., 24 January 2014

*Pasnuuyusa no creneHn nposBneHnsi MOpponorM4eckux npuU3HaKoB
*BapbupoBaHue ANUHbI KPbINibeB (B TOM YMCIie UX MOJTHOE OTCYTCTBUE)
*Pasnunuuna no epTUNLHOCTU UNU PenpPoaYKTUBHOM CcTpaTerun

*Pa3nuuumga no OKpacCKe TeJia Unun KpbiinbeB



A
Sexual Reproduction :* — (Aa=xx)

T -
[~1 gansration / year) .

Eqgs ' _—
(Asx)
b (Anexx)
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g Siper | ~
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P
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Parthenogenesis
(approx. 10-30 gonaradons / yean

short-day conditions

~ Sex .j_di?ﬁ,cmducnon c Parthenogenesis
Wale ‘ =

Ovipacous Viviparous

{fromttiers in REVIEW ARTICLE
PHYSIOLOGY published: 24 January 2004

doi 10.3259/fphys. 2014.00001

Aphid polyphenisms: trans-generational developmental
regulation through viviparity

Kota Ogawa ™ and Toru Miura

Laboratony of Ecologicel Genstics, Gradusts School of Environme ntal Science. Hokkaido University Sapporo, Jepan

Front. Physiol., 2014



Wet-season (left) and dry-season (right) Precis Harlequin bugs, Murgantia histrionica (fam.
octavia (fam. Nymphalidae) butterflies Pentatomidae). Black and yellow individuals were reared
at 22 and 300C, respectively.

Whitman, Agrawal. 2009. What is Phenotypic Plasticity and Why is it Important?

*Pa3nunuuna no creneHun nposiBneHMs Mopdonornyecknx npu3HaKkoB
‘BapbupoBaHue ANUHbI KpbiNibeB (B TOM YMcCrie UX NONHOEe OTCYyTCTBUE)
*Pasznunumna no depTUNLHOCTU UNK PenpPoayKTUBHOMW cTpaTerun

*Pa3nuuumga no OKpacCKe Tella Uin KpblJibeéB


https://www.researchgate.net/scientific-contributions/39435753_Douglas_W_Whitman
https://www.researchgate.net/profile/Anurag_Agrawal5

11 Endocrine Control of Insect Polyphenism

K. Hartfelder

Universidade de Sao Paulo, Ribeirdo Preto,
Sao Paulo, Brazil

D.J. Emlen

University of Montana, Missoula, MT, USA

© 2012 Elsevier B.V. All Rights Reserved

Editod by A
Lawrence L Gilbert \

‘BapbupoBaHue ANUHbI KpbiNibeB (B TOM YMCrie UX NOSIHOEe OTCYTCTBUE)
*Paznuuus no pepTUNbLHOCTU NN PENPOAYKTUBHOMN CTpaTerum
*Pasnuuusi No oKkpacke Tena Unm KpbiyibeB

*Pasnuuus no creneHn nposiBneHnsi MOponorM4eckux NpU3HaKoB

Bbioop cheHOTUMNA onpeaensieTcs BHELUHUMM YCITIOBUSIMMU
MaBHbIe y4aCTHUKU ynpaBrieHUsi BbIOOPOM HanpaBfieHUs1 pa3BUTUS — FOPMOHbI

juvenile hormone
ecdysteroids
insulin-signaling pathway



MHoXecTBO BUAOB 6a604Yek MMeIT Ce30HHbIe MopdbI, pasnuyarowmecs
no uBeTy (TeMHasA-cBeTNasa OKpacka) U PUCYHKY Ha KpbINbAX

B ocHOBe Bapuauuit NeXuT YyBCTBUTENIbHOCTbL K TeMnepaType 1 ¢potonepuony Ha cTaguu
NUYUHKH

Junonia (Precis) coenia Bicyclus anynana

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

Ecdysone Ecdysteroid

Ecdysone

Ecdysteroid

Hartfelder, Emlen 2012 Endocrine Control of Insect Polyphenism



eHeTnYeCKn geTepMUHUPOBaAHHbIEe AUCKPETHbIE
cdeHOTUNDbI NN AUCKPETHbIE YCroBUA?



Ce30HHast U3MEHYMBOCTb OKpacKu KpbifibeB Yy Araschnia levana

MNMecTpoKpbiNbHMLA U3MEH4YMBasA

BeceHHee nokoneHune JleTHee nokoneHune



OnckpeTHOCTb (peHOTUNOB MOXET ObITb CBAi3aHa C pa3BUTUEM B
ANCKPETHbIX YCIOBUAX

deHoTUnMyeckasa nNnacTUYHOCTb Y NEeCTPOKPbINbHULLI U3MeHYMBOW Araschnia
levana. Npu co3gaHnm NpoMeXyTOYHbIX YCITOBUW UITU NPU MOMOLLIN MHBEKLINI
9KON30HA MOXXHO MOSTYyHYUTb NPOMEXYTOUHbIE DEHOTUNLI.

normal summer form

normal spring form

Development and evolution of adaptive polyphenisms

H. Frederlk Nijhout

Department of Biology, Duke University, Durham, NC 27708, USA
Cormaspondence (e-mai: hin@duke.odu) EVOLUTION & DEVELOPMENT 2003




Development and evolution of adaptive polyphenisms

H. Frederlk Nijhout

Department of Biology, Duke University, Durham, NC 27708, USA
Correspondence (e-mail: hfn@duke.aedu)

EVOLUTION & DEVELOPMENT 2003

Polyphenisms come about in two very different ways:

l. through environmental discontinuity

2. through switching of developmental pathways

Env't Env’t Environment

>

NMonudeHnsm — yacTHbIU criyyau (peHOTUNMNYECKOU NIAaCTUYHOCTHU




AOpyrue chakTopbl, onpeaensrowme Bbioop deHoTUNA



Bbibop heHOTMNA onpenensieTca BU3yasnbHbIMU CTUMYJIaMu

“J
OPEN () ACCESS Freely available oaline = pLos one

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

Mohamed A. F. Noor™*, Robin S. Parnell, Bruce S, Grant
Bology Departmert. College of Wil & Mary in Vegnie, Wilamstaey Virgioa, Unted States of Amerca

Abstract

Insect body color pelyphenisms enhance survival by producing crypsis in diverse backgrounds. White color polyphenisms
are often indirectly induced by temp e rearing density, or diet, Insects can benefit from Immediate crypsis If they
evolve polyphenisms directly induced by exposure to the background color, hence immediately deriving protection from
predation, Here, we examing such a directly induced color polyphenism in caterpiliars of the geometrid peppered moth
{Biston betularia). This larval color polyphenism Is unrelated to the genetic polymomphism for melanic phenotypes in adult
moths 8. befulario caterpllars are generalist feeders and develop body colors that closely match the brown or green twigs
of their host plant. We expand on previous studies examining the proximal cues that stimulate color development, Under
controlled rearing conditions, we manipulated diets and baduground reflectance, using both natural and artificidl twigs, and
show that visual expenience has a much stronger effect than does dies in promoting precise color matching. Thelr induced
body color was not a simple response to reflectance or ight intensity but instead specfically matched the wavelength of
fight to which they were exposed We also show that the potential to change color is retained untd the final (sixth) larval
nstar, Given their broad host range, this directly induced coloe polyphensm likely provides the caterpillars 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.

Figerw 1. Neton betidais caterplilars on birch (eft) end willow (rights.
St 10107 pumalpone 0002 1425001

@ PLoS OME | www.ploscne.org 1 September 2008 | Volume 3 | lssue 9 | e3142



Bbi6op cheHOTMNA onpeaensieTcl TUNOM MULLM

OBe mopdbl y Nemoria arizonaria

.

BeceHHAA Mopda » JletHaa mopda
TadHUH B

NMUCTbLAX?

pa3BMUBaeTCA no yMmosr4yaHuio

AVAAAS

A Diet-Induced Developmental Polymorphism in a Caterpillar

S. Gilbert “Developmental biology”
Author(s): Erick Greene
Source: Science, New Series, Vol. 243, No. 4891 (Feb. 3, 1989), pp. 643-646
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faster development
(~13 days)

slower development
(~18 days)

Worker Jelly ;
DIET

jagged mandibles
/ queen
mandibular
pheromone
long-life span
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spermatheca
& &active ovaries
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What Do Studies of Insect Polyphenisms Tell Us
about Nutritionally-Triggered Epigenomic Changes
and Their Consequences?

Andrew G. Cridge 7, Megan P. Leask 7, Elizabeth J. Duncan 7 and Peter K. Dearden *
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Plant microRNAs in larval food regulate honeybee caste

development

Kegan Zhu B3, Minghui Liu B3, Zheng Fu B3, Zhen Zhou, Yan Kong, Hongwei Liang, Zheguang Lin, Jun Luo, Huoging Zheng,
Ping Wan, Junfeng Zhang, Ke Zen, Jiong Chen[&], [ -- 1. Xi Chen [ view all ]
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Abstract

Author summary
Introduction

Results

Discussion

Materials and methods
Supporting information
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Figures

Abstract

The major environmental determinants of honeybee caste development come from larval
nutrients: royal jelly stimulates the differentiation of larvae into queens, whereas beebread
leads to worker bee fate. However, these determinants are not fully characterized. Here we
report that plant RNAs, particularly miRNAs, which are more enriched in beebread than in royal
jelly, delay development and decrease body and ovary size in honeybees, thereby preventing
larval differentiation into queens and inducing development into worker bees. Mechanistic
studies reveal that amTOR, a stimulatory gene in caste differentiation, is the direct target of
miR162a. Interestingly, the same effect also exists in non-social Drosophifa. When such plant
RNAs and miRNAs are fed to Drosophila larvae, they cause extended developmental times and
reductions in body weight and length, ovary size and fecundity. This study identifies an
uncharacterized function of plant miRNAs that fine-tunes honeybee caste development, offering
hints for understanding cross-kingdom interaction and co-gvolution.

28 0
Save Citation
11,223 80
View Share

Download PDF ~

@ Check for updates




Bbi6op cheHOTMNA onpepenseTcs
KOJIN4eCTBOM NULLMU



Nutrition strongly influences
Insect body size

MHCY.HVIHOBI:IVI KaCKaa — ApeBHAA CUrHaqibHass cuctema, Kotopas
Y MHOIM'mX XBOTHbIX, BKJTlO4aA HACEKOMbIX U MJIEKOMNMUTalroLW X,

oTBe4YaeT 3a aganTtauuio opraHuama K KkonebaHusam Konm4yectsa
AOCTYMHOWU MULLMN.

insulin/insulin-like growth factor (IIS) kackap
Target of Rapamycin (TOR) signaling kackag

lIS/TOR Kkackag BNuUAKOT Ha pa3mMmepbl U (popmy Tena, perynmpys npoayKkuumio
ropmoHoB (ecdysone, juvenile hormone) n HenocpeACTBEHHO ynpaBnas
POCTOM U AefleHUEeM KNeTOoK.

REVIEW ARTICLE
publsted 29 Sepiemiber 20T

Th .‘ i T 4;'."@_:
PHYSIOLOGY e o -

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

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



lIS/TOR kKackag MmoXxeT BNUATbL Ha POCT M pa3BuTue " " Hartfelder, Emlen 2012
pa3HbIX OPraHoB HEeNpPoOnNoOpPLUMOHANbLHO

Onthophagus taurus

Pa3smep KpbinibeB NponopuuoHarneH pasmepy
Tena

»

Pa3mep reHUTannm noyYTn He 3aBUCUT OT
pa3mepa Tena (QUCTUraeTcA NOCTOAHHbLIM
nogaepXXaHnem BbICOKOro YpOBHSA
aktuBHocTtn |IS/TOR kackaga He3aBUCUMO OT
BHELUHUX YCNOBUM)

=3
,'7.' ——
\/
W\

.

KpynHble camubl UMerOT
HernponopuuoHarnbHO 6onbLwune pora
(@ocTturaetca noBbILLEHHOW

Sensitivity of cells to nutrition

YYBCTBUTENbLHOCTLIO 3a4aTKOB OpraHa K “{’.‘Tq?i {ﬂ:}i
' \ A

komnoHeHTaMm IIS/TOR kackapa, noporoBbIM L >
achhekTom) Nutrition

{romiiers i REVIEW ARTICLE &5

PHYSIOLOGY gy A
NMoporoBbin adhdekT — Mechanisms regulating nutrition-dependent
AVNCKPETHOCTb (beHOTVII'IOB Fievelopmental plasticity through organ-specific effects in

insects

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




OnvHa KPpbllibéB Y pVICOBOI7I UMKaOKun perynmpyetcsd MHCYJIMHOBbIM
CUrHaJibHbIM KaCKagoOM

KopoTkokpbinas v
ANMMHHOKPbINaa MUrpupyroLias
cdopmbI Bypon pucosomn
uukagkum Nilaparvata lugens.

Ha BEPOSITHOCTb Pa3BUTUS
ONMHHOKPbINbIX 1
KOPOTKOKPbISbIX (POPM BRMSIET
MAOTHOCTb NONYNALUN U
KayeCTBO MULLIN.

Two insulin receptors determine alternative wing morphs in planthoppers.
Xu et al., Nature. 2015 Mar 26;519(7544):464-7

Insulin receptors and wing dimorphism in rice planthoppers.
Xu HJ, Zhang CX. Philos Trans R Soc Lond B Biol Sci. 2017 Feb 5;372(1713). pii: 20150489. Review.

http://elementy.ru/novosti_nauki/432441/Novoe_primenenie_dlya_drevney_regulyatornoy_sistemy
dlina_krylev_u_risovoy_tsikadki_reguliruetsya_insulinovym_signalnym_kaskadom


https://www.ncbi.nlm.nih.gov/pubmed/25799997
https://www.ncbi.nlm.nih.gov/pubmed/27994130
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Royal jelly

lIS/TOR pathway
I

I

I

I :
I JH synthesis
I

I

14
differentially
expressed

differentially
JH-related genes

methylated JH-relatedm = = =>
genes

different morphs

Front Physiol. 2013; 4: 263.
Mechanisms regulating nutrition-dependent developmental plasticity

through organ-specific effects in insects



https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3783933/

Royal jelly

lIS/TOR pathway
I

I

I

I :
I JH synthesis
I

I

14
differentially
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differentially
JH-related genes

methylated JH-relatedm = = =>
genes

different morphs

Front Physiol. 2013; 4: 263.
Mechanisms regulating nutrition-dependent developmental plasticity

through organ-specific effects in insects



https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3783933/

Pa3oBasd NI3MEHYUBOCTb Y cCapaH4n

BriepBble Ha 3TO sBNEHME y capaH40BbIX, B YaCTHOCTU Y
asmnarckoun capanum, obpaTtun BHumaHune B 1911 r. B.11.
YBapos.

migratory locust (Locusta migratoria)
desert locust (Schistocerca gregaria)



Bbi16op heHOTMNA onpenensaeTca NSIOTHOCTbLIO CKOMMEeHUs
ocobem

- 1 - ~ v ~

Multiple of gregarious value

A

Final larval instar

Serotonin

ple of gregarious value (@]

multi
o

MNMepexon oT ogHoM cha3bl K APYrou
MOXXHO 3anyCTUTb:

*TakKTUNbHbLIMM KOHTaKTaMMu
*‘BusyanbHbIMM CTUMYNamMu
XnMmnyeckumm BellecTBamMmm
(ropmoHbI, alkylated L-DOPA
analogue from egg foam, ...)

Burrows et al., Epigenetic remodelling of brain, body and behaviour during phase change
In locusts. Neural Syst Circuits. 2011 Jul 26;1(1):11.



https://www.ncbi.nlm.nih.gov/pubmed/?term=Burrows M[Author]&cauthor=true&cauthor_uid=22330837
https://www.ncbi.nlm.nih.gov/pubmed/22330837

Juvenile hormone and ecdysteroid titers during embryonic and post-embryonic
development of solitary and gregarious morphs of migratory locusts (Locusta migratoria

and Schistocerca gregaria).

egg size and/or

maternal factor < -
in egg pod foam [His"}-corazonin phase not determined

solitary
................ gregarious

l | »
JH
4‘\\ ,Il \\-
N !
embryo / pronymph \\ 4th nymph 5th nymph
¥
I
I
ecd i
1
gy, 0 Iy
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embryo / pronymph \\ 4th nymph
'\\solitary

5th nymph

gregarious /

S. gregaria

Hartfelder, Emlen 2012 Endocrine Control of Insect Polyphenism



desert locust (Schistocerca gregaria)
A

Final larval instar




Solitarious female 4" Gregarious femnale

N\

RESEARCM ARTICLE

Increased muscular volurme and cuticular specialisations enhance jumg
velocity in solitarious compeared with gregarious desert locusts, Schistocercs

TS



lporpamma pa3BuTUA deHotun 1

A VAN

LIHC, ropmoHbI

ftt

cpena

feHOTUN

foOpMOHLI — KpaTKOBpeMeHHO AeucTteyrowme dakropbl!

Kak kpaTkoBpeMeHHO aenctByoLwmne paktopbl NPUBOAAT K
chopMmnpoBaHUIO CTabUSNbHbLIX AUCKPETHbIX heHOTUNOB?



NMporpamma pa3ButuaA

deHoTUN 1
feHOTUN /

\ T\ deHoTUN 2

TkaHecneuudgunyeckmne peuenTopbl K rOpMOHaM
TKaHecnecKue curHanbHble KacKkagbl
Perynsauusa KneTtouyHoro umkna, aerieHue KrneTok, pocT KJ1eTokK

PErynauuna 3KCrnPECCU reHoB!

|

LIHC, ropmMmoHbI

ftt

cpena




U TyT Ha cueHy BbIXOAUT 3nureHeTUKal



Yto Takoe IMUNTTEHETUKA?

B 6onee o6weM cMbiIc/ie NpeaMeTOM 3NMUreHeTUuKu
SAIBJISAIOTCSH AABJIEHUSA, CBA3aHHbIE C pa3BUTUEM
Pa3JINyHbIX (PEHOTUNOB KJIETOK WJIN OPraHU3MoB Ha
OCHOBE OAAHOIo reHoTMna

B 60/1ee y3KOM CMbICJ1e 3nNUMreHeTuka - pasaen
reHeTUKM, KOTopbi n3ydaerT Hacsieayemblie
M3MEeHEeHUS aKTUBHOCTU reHOB BO BpeMSA pa3BUTUSA
opraHu3Ma Wau fenieHUs KJ1eToK.

dnureHeTM4yeckoe HacneaoBaHUe — HacrnegoBaHMe NaTrepHa
3KCNpeccumn reHoB

(apxXnTekTypbl sapa, LeHTPOMEpPbI, BPEMEHWN pennnKaumu...)

MHOXXeCTBO SIBIEHUM, O6'be,EI,VIHF|eMI:>IX MO CXOACTBY MOJIEKYITAPHbBLIX MEXaHU3MOB



OAanHaKoBbIN FreHOTUN — pa3Hble KIeTo4YHble (heHOTUNbI

KneTouHbIn CbeHOTVIn MOXeT InmreHeTn4eCkm HaclsieaoBaTbCH

o -h -4

S

\\@ﬂ@*@
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N

—




OaovHakoBbIM reHOTUN — pa3Hble (heHOTUNbI

HacnepnoBaHue dpeHOoTMNA Yepe3 NOKOsieHMe Ha YPOBHE opraHM3ma

Schistocerca gregaria




Nporpamma pa3suTus ®deHoTUN 1

_—
N T
/N

cpeaa

feHOTUN



nporpamma
pasBUTUS

FeHoTUN <: AMUrEHOTUND! e DEHOTUN

naTTepHbl 3KCNpeccum
reHoB

ittt 1t

cpeaa cpeaa
«MamMATb» Ha pa3HbIX YPOBHAX

KneTo4yHbIl ypOBEHb HacneaoBaHWe COCTOSAHUS AN depeHLMPOoBKM

OpraHn3ameHHbIN YPOBEHb HacnegoBaHue ocobeHHocTen meTabonmnama, namsitb

TpaHcreHepaLnoHHOe HacnegoBaHue



nporpamma
pasBUTUS

feHOTUN )y IMUTFCHOTUIbI

naTTepHbl 3KCNpeccum
reHoB

ftt 111

«MamMATb» Ha pa3HbIX YPOBHAX

KneTo4yHbI¥ ypOBeHb
BHYTPUKNEeTO4YHbIU YPOBEHb

OpraHu3MeHHbIN YPOBEHb

TpaHcreHepaLuMoHHOe HacneaoBaHue

cpena

—) (PEHOTUIN

JnureHeTU4YeckKune
MeXaHU3Mbl perynsaumm
aKcnpeccuu reHoB!



Kak 3anncaHa nHdopmaumsa o andpdepeHunansHOU
3KCnpeccumn reHoB?



Kak 3anucaHa viHchopmauusa o anddepeHUnanbLHOU
3Kcnpeccumn reHoB?

@ -B [JHK 3akoanpoBaHbl 6erku — perynaTopbl, y3HaloLWmue MeTKM,
3anucaHHble B nocnepoBatenbHocTy AHK, Mmoandmukaumax
CTPYKTYPbl XpOMaTHUHa

® - Metku B nocnegoBsatenobHocTn [1HK anga ysHaBaHus
cneundmnyecknmm chakTopamm TPaHCKPUNUUU U Ap. Oenkamun, MeTku
ANs NO3MUMOHUPOBAHUA HYKNE€OCOM



MNMeTnsa MOJIOXKUTENIbHOMU obpaTtHOM CBA3MU
noaaepXXuBaTb reH B akTMBHOM COCTOSAHUN

NonoxutenbHaa obpaTHasa CcBA3b

no3BornsdeT



[eHHble ceTn. KOHTYpbI + N — 00paTHLIX CBSA3EU

CHITIAVT L CUTHAR 2

[Ba ANCKPETHbIX yCTOﬁqMBbIX COCTOSIHUA CUCTEeMbl!



eHHble ceTU. KOHTYpbI + U — OOpaTHLIX CBA3eun

SATA & CUTHARN 2

CurHan BHYTPEeHHUN
CurHan BHeLWwHnun!



Kak 3anuncaHa nHcdopmauua o ancbdepeHumnanbLHOU
3Kcnpeccumn reHoB?

Y ayKkapmoT ypoBeHb 3KCNpeccuu reHa B
3HaYUTENbLHOW CTeneHu onpeaenseTcss COCTOAHUEM
XpomMaTuHa.

CocTosiHMe XPOMaTUHa MOXeT HacJsfieAoBaTbCHA B
KNeTO4YHbIX NMOKOJIEHUAX



KOMNOHEHTbL! XpOMaTUHA, y4yaCcTBywLllne B
peryndaunmn 3Kcnpeccmmn reHoB

( KOTOpBIE IPHHSITO CBI3bIBATH C SITHT€HETHKOH )

@®Metununposanue [JHK

@KoBaneHTHble MoanuKaumm ruCTOHOB

@BapuaHTbl TMCTOHOB

MOI'YT HACNEOOBATbLCA NMPU PENJTIMKALUU OHK U MUTO3E!

@® _Hekoaupyrowme PHK

Manble Hekogupytowme PHK (siRNA, miRNA, piRNA)
OnnHHble Hekoaupyowme PHK (IncDNA)
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* YnpaBneHune 3KCnpeccunen reHoB
* YnpaBneHue anstepHaTUBHbLIM CMAaNCUHIOM
« MoxeT YyacTU4YHO nepegaBaTbCA B CneayrLlne nokoneHns
* MoXeT ncnonb3oBaTbCs AN HanpaBreHHOro NPorpaMMmMpoBaHnUA MOSYaLLEro

COCTOSIHUA rEeHOB B crieaytowee NoKofieHne (reHOMHbIN UMAPUHTUHT)
« KoHcepBaTMBHasi cUCTeMa, HO MHOXECTBO Bapuauuin

D. melanogaster — DNMT1 n DNMT3 omcymcmeytom
Llenikonpsio, xpyw Tribolium castaneum DNMT3 oTtcytcTByeT
Y aycoumanbHbIX HACEKOMbIX U Yy capaHun npucyTcTeyeT obe HK-meTunTpaHcdepasbl
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Mmoandpukaumm rmCtToHoOB
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KOMNOHEHTbL! XpOMaTUHA, y4yaCcTBywLllne B
peryndaunmn 3Kcnpeccmmn reHoB

(K'OTOpb[é‘ IIDHHSITO CBA3BIBATH C SIITHI €HETHKOH ) CT1abnnbHOCTb NBOVHON
_» cnupanu JHK

CT1abunbHoOCTb
CBSI3bIBaHUSI HYKNEOCOM

@®Metununposanue [JHK —

@BapnaHTbl TMICTOHOB e

MonekynspHble

@KoBaneHTHble MoaudrKaumMm rmCTOHOB
> MeTKM

HaGop anckpeTHbIX TUNOB XpOMaTHUHa
*OTKpbITbIU XPOMaTUH
*3aKpbITbIK XPOMaTUH

. HMTs
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DNMTs



Kak npoucxoaut anureHeTU4eCcKu Hacreayemasa ctabmnusaums TpaHCKpMnuum

OFF OFF
primary
signal TF A S [ s
S Ty
curHan ( CCLCCCCC
pnmary
signal
OFF ON ON
,,-’_'ft;ﬁ!o?.gl'irié"x__‘. remod;llng\

primary signal

+ epigenetic control

srucenermsectan [N —— @‘—T\MW}

partial
loss

CurHan (TF) 6onbLlue He
TpebyeTcsa, cocTosiHNe
aKTMBHOCTU HacnegyeTtcs



a Tactile stimulation
(maternal licking and grooming)

FopmoH pencTeyeT
KpaTKOBpPEeMEeHHO,
naTTepH aKcnpeccum
reHa peuenTtopa

l___ i A KopTu3orna MeHsieTca Ha
& Nuckeus . BCHO XKW3HB!
. |
b Low maternal licking High licking maternal <

and grooming and grooming Hippocampus

4

CRF

} } T <

¥ GR expression T GR expression

- A 4 A 4 N ACTH
High corticosterone levels Low corticosterone levels 4

High anxiety Low anxiety e

Low licking or grooming High licking or grooming (Adrenals) —— Glucocorticoids

Socioeconomic status and the brain: mechanistic insights from human and animal research
Daniel A. Hackman, Martha J. Farah & Michael J. Meaney
Nature Reviews Neuroscience 11, 651-659 (September 2010)



http://www.nature.com/nrn/journal/v11/n9/full/nrn2897.html

pelenTop fopMOH pencTeyeT

KopTusona KpaTKOBPEMEHHO,
+ naTTepH 3KCNpeccum
rMMMNNoKamMn reHa peuentopa
KOpPTWU3051a MEHSAETCA Ha
l BCHO XKMU3Hb!
runortanamyc
KJ1
l + Ba30MNpecCyH
OKCUTOLIMH S
runocpums
1 + AKTT
Haano4vYye4yHUKum
KOPTU30/

cTpecc



BaxHenwme Bonpockl B paMKax arnMreHeTUKMN — Kak cobbITUS,
npoucxoasiliMe Ha paHHMX 3Tanax pasBUTUSA BNUSIOT Ha 300pPOBbLE,
noegeHue... (PEHOTWUI!) B 6onee nozgHue nepuoabl

NonundgeHnsm HacekoMbIX — NpeKpacHasa moaenb!



Yto HOBOrO yXe y3Hanu o nonudcgeHusme
HaceKoOMbIX, MPUMEHSAA INUreHeTUYeCKYHo
MeTOoZL0Nornio



YTO HOBOrO YyXXe y3Hanu o NoNMAPEHN3Me

HaCeKOMbIX, MPUMEHSSA ANUTEHETUYECKYIO
METOAONONMIO

AnureHoMHbIe noaxoabl:

AHanu3 TpaHCKPMNTOMOB, METUIIOMOB, pacnpeneneHns moandukaumn
MMCTOHOB...

YT0 npoucxoanT Npun OTKNK4YeHU INMreHeTn4eCKNX mexaHn3moB
nJIin UX KOMNOHEHTOB



Ona aHanusa naTtrepHoOB JKCcrnpecCcun reHoB HY>XHO OTCeKBeHUpoBaTb reHom

NeHoOMBI dycoumnaribHbIX HACEKOMbIX

2006 r. JocTynHa nuwb YepoHoBas cobopka reHoma A. mellifera

Honeybee Genome Sequencing, C. Insights into social insects from the genome of the honeybee Apis
mellifera. Nature 443, 931-949 (2006).

PeBonouua B TeEXHONONMsX CeKBEHUPOBaHUA, CEKBEHUPOBaHUEe HOBOIO
nokoneHus (next-generation sequencing technologies)

Bonasio, R. et al. Genomic comparison of the ants Camponotus floridanus and Harpegnathos saltator.
Science 329, 1068-1071 (2010).

Gadau, J. et al. The genomic impact of 100 million years of social evolution in seven ant species. Trends
Genet. 28, 14-21 (2012).

Oxley, P. R. et al. The genome of the clonal raider ant Cerapachys biroi. Curr. Biol. 24, 451-458 (2014).

Kocher, S. D. et al. The draft genome of a socially polymorphic halictid bee, Lasioglossum albipes.
Genome Biol. 14, R142 (2013).
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IMonormorium pharaonis

IMonomorium pharaonis RefSeq Other

Kingdom: Eukaryoia; Subgroup: Insecis
Sequence data: genome assemblies:1
Date: 2015/02/06

ID: 37124

Wasmannia auropunciata
Wasmannia auropunctata overview
Kingdom: Eukaryoia; Subgroup: Insecis
Sequence data: genome assemblies:1
Date: 2015/02/05

ID: 36651

Vollenhovia emeryi

Vollenhovia emeryi overview
Kingdom: Eukaryoia; Subgroup: Insecis
Sequence data: genome assemblies:1
Date: 2015/03/03

ID: 36511

Fopius arisanus

Fopius arisanus overview

Kingdom: Eukaryoia; Subgroup: Insecis
Sequence data: genome assemblies:1
Date: 201412119

ID: 35518
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Apis mellifera (honey bee)

Representative genome: Apis mellifera (assembly Amel_4.5)
Download seguences in FASTA format for genome, transcript, protein
Download genome annatation in GFF, GenBank or tabular format
BLAST against Apis melifera genome

All 2 genomes for species:

Browse the list
Download sequence and annotaiion from RefSeq or GenBank

Display Settings: » Owverview Send to: +

Organism Qwverview ; Genome Assembly and Annotaticn repert [2] ; Organelle Annctation Report [1] ID: 48
Apis mellifera (honey bee)

The honey bee is a social insect, important for agricultural and bicmedical research studies

Lineage: Eukaryota[2425]; Metazoa[812]; Ecdysozoa[377]; Arthropoda[289]; Hexapoda[253]; Insecta[250]; Pterygeta[250]; Necptera[246];
Holometabola[213]; Hymenoptera[51); Apocrita[47]; Aculeata[35]; Apoidea[14]; Apidae[11]; Apis[4]; Apis mellifera[1]

The honey bee (Apis mellifera) is a valuable organism for study due to its unique behavioral traits and social instincts. A. mellifera is important to the
agricultural community as a pollinator and to researchers as a model for studies in immunity and diseases of the X chromosome. These
characteristics of the honey bee were instrumental in its assignment as a high priority organism for genome sequencing by the National Human
Genome Research Institute (NHGRI). Less. ..
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formation and long-distance flight

The locust genome provides insight into swarm

‘Solitarious
S

%
.
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OPEN

Xianhui Wang', Xiaodong Fang?, Pengcheng Yang3, Xuanting Jiang?, Feng Jiang"3, Dejian Zhao!, Bolei Li',

Feng Cuil, Jianing Weil, Chuan Ma'3, Yundan Wang‘j, ling He!, Yuan Luo!, Zhifeng Wang‘, Kiaojiao Guo',
Wei Guo', Xuesong Wang1’3, Yi Zhang1, Meiling Yang1, Shuguang Hao', Bing Chen', Zongyuan Ma'3, Dan Yu',

Zhigiang Xiongz, Yabing Zhu?, Dingding FanZ2, Lijuan Han2 Bo Wangz, Yuanxin Chen?, Junwen Wangz, Lan Yang®,

2

Wei Zhao? Yue Feng2, Guanxing Chen?, Jinmin Lian2, Qiye Li2, Zhiyong Huang? Xiaoming Yao?2, Na Lv¥4,

Guojie Zhangz, Yingrui Li2, Jian Wangz, Jun Wangz, Baoli Zhu? & Le KangL3

Locusts are one of the world's most destructive agricultural pests and represent a useful
model system in entomology. Here we present a draft 6.5 Gb genome sequence of Locusta
migratoria, which is the largest animal genome sequenced so far. Our findings indicate that
the large genome size of L. migratoria is likely to be because of transposable element pro-
liferation combined with slow rates of loss for these elements. Methylome and transcriptome
analyses reveal complex regulatory mechanisms involved in microtubule dynamic-mediated
synapse plasticity during phase change. We find significant expansion of gene families
associated with energy consumption and detoxification, consistent with long-distance flight
capacity and phytophagy. We report hundreds of potential insecticide target genes, including
cys-loop ligand-gated ion channels, G-protein-coupled receptors and lethal genes. The
L. migratoria genome sequence offers new insights into the biology and sustainable man-
agement of this pest species, and will promote 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 sets.

Gene ontology (GO) analyses showed these fell
into a variety of categories, indicating that
phase change induced a broad range of
changes in CNS gene expression.



S F H S
Head Horn  Thoracic Horn

Differences in patterns of horn growth are reflected by differential transcription of genes.
Expression profiles for head tissues of small, hornless males (S) more closely resemble
comparable tissues of females (F), than they do those of large, horned males (H). Photos D.
Emlen; bottom panel reproduced with permission from Snell-Rood et al. (2010).

Hartfelder, Emlen 2012 Endocrine Control of Insect 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 er al. BMC Biology 2012, 1046

http//www.biomedcentral com/1741-7007/10/46 (31 May 2012}
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OOHapy>xeHbl TPAHCKPUMLIMOHHbIE DAKTOPbI, Y4acTBYIOLIME B PErYNsaumMm
Pa3BUTUA KacT B pasHbIX rpynnax aycouunanbHbIX HACEKOMbIX

Simola, D. F. et al. Social insect genomes exhibit dramatic evolution in gene composition and
regulation while preserving regulatory features linked to sociality. Genome Res. 23, 1235-1247
(2013).

CpaBHeHme okono 30 reHOMOB OAUMHOYHbIX U dycoumalribHblIX BUOOB HACEKOMbIX BbIABUII
0COBEHHOCTU 3BOMIOLIMN CAaNTOB CBSA3bIBAHUS TPAHCKPUNUNOHHBbIX CbaKTOpOB Yy ycoumnalribHbIX
HaCeKOMBbIX.

B 4yacTHOCTM, ObICTPO 9BOSOLUMOHUPYIOT HEKOTOPbIE rEHbl C HEMPOIHOOKPUHHOM (PYHKLUMEN, U
MMEHHO 3TU reHbl NOKa3bIiBaOT CXO4HY0 AnddepeHunanbHy 3KCNPeCCUo Npu cpaBHEHUN
KacT y pa3HbIX BUOOB MypaBbEB M N4Yer.



PaKTbl B NoNb3y BaXHOCTU auddepeHumansHoro metunmposaHusa AHK npu
¢hopmMmmnpoBaHUM KacT y aycoumanbHbIX HACEKOMbIX

NHrmnbmnposaHne QHK-meTnTpaHcdepasbl y 3€eMMASHOro WMens
NpUBOAUT K Nepexony pabounx ocoben K pasMHOXEHUIO

~ Bombus terrestris

Amarasinghe et al., 2014 Methylation and
worker reproduction in the bumble-bee (Bombus
terrestris). Proc. R. Soc. B 281, 20132502 .

JINYMHKM NYenuHbIX MaToK Y MeAOHOCHOW nyenbl UMetoT bonee
HU3KNMIN OBLWMIA YypOBEHDb METUNMPOBAHUS reHOMa, YEM JIMYNHKN
pabounx nyen. HokgayH reHa, kogupyrowero DNMT3 y ANYNHOK
pabounx n4yen NpMBOANT K pasBuTUo beHoTuna, 6rmnakoro K
doeHoTUNY NYerIMHOM MaTkn, B YaCTHOCTU, pa3BMBaOTCHA ANYHUKMN.

ru.wikipedia.org

Kucharski, R., Maleszka, J., Foret, S. & Maleszka, R. Nutritional control of
reproductive status in honeybees via DNA methylation. Science 319, 1827—
1830 (2008). This paper presents the first functional evidence of the
regulatory role of DNA methylation in regulating caste fate in eusocial
insects.

MaTo4yHOEe MONOYKO BIUSIET HA MHCYSTMHOBLIN Kackag,
MaTo4yHOEe MOMNOYKO CoAePXUT MHIMBUTOP AeauetTunasbl rmctoHos 10HDA.

Nature Reviews Genetics 15, 677—-688 (2014)



D. F. Simola, C. Ye, N. S. 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 Journal of

Robhinson et al., Insect Mol Biol. 2016 Ex elgr(r)\gtal

Alternative 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 Helanters*

" Division of Ecology, Evolution & Genetics, Research Schoal of Biology, Australian Mational University, Canberra,
Audralian Capital Temitory 2601, Australia

EDEp-arnnent of Biosciences, Division of Genetics, University of Helsinki, Helsinki 00014, Finland

Centre of Excellence in Biological Interactions, Department of Bioscences, University of Helsinki, PO Box 65,
Helsinki 00014, Finland

varminne Ioological Station, ). A Palménin tie 260, Hanko 10%00, Finland

DMNA 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, including 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, pointing to a novel proximate

mechanism for these key social 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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9BONIOUUNOHHAA NNAaCTUYHOCTb

Trends in Ecology and Evolution Vol.25 No.5 20 10

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, 8888 University Drive, Burnaby V5A 158, Canada
?Bahaviour and Genetics of Social Insscts Laboratory, School of Biological Sciences A12, University of Sydneay, Sydaey, NSW

2006, Australia

TUniversity of Lausanne, Biophore, 1015 Lausanne, Switzerland

Species Data type References
Vespula maculifrons G [24]

= Formica exsecta G [23]

g Mycocepurus smithii | [25,26]

§ Apis cerana G [22]

S A. mellifera ILE G [9-12,15-21]

g F. truncorum G [23]

% Cardiocondyla kagutsuchi E [31]

= Pogonomyrmex badius G [30]
P. rugosus E, G (28]
Acromyrmex echinatior G [29]
Harpagoxenus sublaevis E [34,36]
Leptothorax sp. A E [35]
Reticulitermes speratus E [37]
Melipona ssp E [39,40,45]
Pogonomyrmex lineages E, G [50-52]
Solenopsis xyloni x G [57,58]
geminata hybrids
Vollenhovia emeryi G [60,61]
Wasmannia auropunctata I, G [59]

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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BoiBeneHa rycenulia, MeHsmwuiasa uBeT IIPpU Har'p€BaHUHN

)6 « ANEKCAHAP MAPKOB « BUONOIUf « 1 KOMMEHTAPUW

BpaXHUK Taba4yHbIN

AMepHKaHCKHe yueHble yTeM
MCKYCCTBEHHOr0 0TOOpa BbiBeJIH I'YCEeHHL,
UBET KOTOPbIX JHCKPETHO MEHAETCA B
3aBUCHUMOCTH OT TEMIIEPATYPDL: B TEIJIE
PaSBUBAKOTCA 3€JIEHDIE I'YCEHUIb], HA

X0/104€ — YEPHDbIE. UccnegoBanue IOKas3aJio,

[yceHuus Babouku Manduca sexta B

HOPMA MEIOT 387BHYIO DKPACKY, KaKHM 00pa3oM Ha OCHOBe CTyYaifHO¥H
y‘-IQHDlM YAanocChb BblBE€CTU HOBYIO
i W MYTaLXH 0TOOP MOXeT CO34aTh HOBYIO

33BUCMMOCTK OT TemnepaTypsl (doTto
C canTta www.gaipm.org)

aJanTainuio.

Yuichiro Suzuki, H. Frederik Nijhout.
Evolution of a Polyphenism by Genetic
Accommodation // Science. 2006. V. 311. P. 650-652.



http://www.sciencemag.org/cgi/content/abstract/311/5761/650

Manduca sexta

Y atoro Buaa nonudgeHnama HeT, oaHaKO
OH eCTb Y OfIM3KOpPOACTBEHHOrO

Buaa M. quinquemaculata, y kotoporo npu
20°C pa3BuBalOTCA YepHble ryceHuubl, a
Npv NoBbIWEHUN TemnepaTtypbl o 28°C —
3eneHble.

MyTtauusa black y Manduca sexta npMBoaAuUT K YMEeHbLUEHUIO BbIPabOTKMN
HOBEHUSTbHOIO FOPMOHA, 4YTO, B CBOIO oYepenb, BeAeT K NOBbILLEeHHOW
MeriaHu3auum noKpoBoOB.

LLlecTnyacoBou TeNOBOW LLOK B KOHLE
yeTBeEPTON NUUMHoYHon ctagum (30-33°C)
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4 crapus 5 ctagus 4 ctapus 5 ctragus



UcKyccTBEeHHbIU OTOOpP ryceHuL,

KoHTpacTHbIe NUHUUN:

yTpayeHa CriocobHOCTb HacTosLwun nonndeHnsm. Bece
pearnpoBaTtb Ha TENNOBOW ryCeHuLbl APKO 3efieHble Npu

LLIOK N3MEHEHNEM OKpacKu nocTosiHHOM TemnepaType 28°C.
(MOSTHBIN MOHODEHN3M). [Mpn 6onee HNU3KNX TeMnepartypax

rYCEHULbl YEPHBIE.

N'yceHuua n3 nonudeHHOU NMUHUK, NepeBA3aHHanA nonepek GproLlka
(4TOObI rOPMOH, CUHTE3UPYIOLUACS B rosfioBe U rpyau, He Mor
nonacTb B 3afiHIOK 4YacTb Tesia), B TeMnse nosenieHena cnepeau n
ocTanacb YepHou c3aau (puc. u3 ctatbm B Science)




BanaHc, oTOGOp Ha onTUManbHOe COOTHOLIEeHNe napamMeTpPoB

Environment — CNS
(nutrition. temperature,

phatoperiod) Insulin Signaling
Neuropeptides (Allatostatins, Allatotrapins;

Juvenile Hormone Corpora allata
Sexyaf Matum{fon Baraii .Lr'fasy.aan_. Stress Resistance
Vitellogenesis, 2 Survival, and Immunity
Reproduction ~ Vetabolism Diapause
Juvenils
Hormone :ﬂ
Y
L8]
d
°
Juvenile ©
Hormone s— — oo
Deficiency

Hormonal pleiotropy and the Juvenile Hormone regulation
of Drosophila development and life history

BioEssays 27(10):999-1010 - October 2005



lNonudgeHn3am HacekoMbIX - YHUKanbHas
anureHeTu4yeckKkasa moaenb

* MexaHusmbl guddepeHUunanbLHON 3KCNPECcCcUmn reHoB
« CBsA3b reHoTuna u cheHoTnnNa

« JAnureHeTuKa noBeaeHUNA

« CBA3b rOpPMOHOB U 3KCMpPECcCUU reHoB

e IJBONOLUUSA perynsaumm 3KCnpeccum reHoB



