MATEPNAJTTE KOHOEPEHLIM TOM 8, N2 4, 2023 [eHBI 1 KNEeTHN
CONFERENCE PROCEEDINGS 18 (4) 2023 Genes & cells 02
5

DOI: https://doi.org/10.17816/gc623464

UccnepoBanue POsn 3BONIOLIUOHHO HOBbIX
JHXaHCepoB B pa3BUTUMU MO30JZIUCTOrO Tesa

1,2%

A.0. Kyctosa'2*, X.K. Llenuc CyackyH', B.IN. Poibakosa' 2, B.C. TapabbikuH 3

! HayuHo-MCCreioBaTeNbCKMIA MHCTUTYT HepoHayK, HUMWeropofickuii rocyaapcTeeHHbIi yHusepeutet uM. H.W. Jlobadesckoro, Husnmii Hosropog,
Poccuitckan Oepepaums;

2 Hay4Ho-1CCe0BaTeNbCKUNA MHCTUTYT MEAMLIMHCKON FeHETUKM TOMCKOr0 HaLMOHAMbHOrO MCCIe[0BaTEbCKOr0 MEAULMHCKOTO LieHTpa
Poccuickon akagemuu Hayk, ToMck, Poccuiickaa Qefepauus;

3 VHCTUTYT KneTouHoM 6uonorum u Heipobuonorum Knnkukm LLlapute, bepnuu, FepManna

AHHOTALMA

OHWM 13 BarKHbIX acCneKToB paboTbl FOSIOBHOMO MO3ra MIEKONUTAIOLLMX ABNAETCA 06MeH MHPOpMaLMW Mexay HeipoHaMm pas-
HbIX NofyLuapuiA. [laHHbIA NpoLecc pa3BuBancs B Xxofe 3Bostoumu. Y cymuatbix (Marsupialia) v ogHonpoxofHblx (Monotremata)
MIIEKOMUTAIOLLMX MEKMOMyLIApHOe CO0bLLEHME OCYLLECTBNIAETCA Yepe3 YBESIMYEHHYI0 NepeaHIolo KOMMCCYpy. Y nnaLeHTapHbIX
(Eutheria) MneKonuTaloLLyX B NpoLiecce 3BOIOLMOHHOIO Pa3BUTUA NOABUNAC HOBasA CTPYKTYPa roM0BHOM0 Mo3ra — MO30/1-
croe Teno. Mosonuctoe teno (Corpus callosum) — caMas 6onbluaa KOMUCCYpa B OpraH13Me YeNoBeKa, COAepHKaLLan OKono
80% KoMuccypanbHbIX aKCOHOB BCEro FOMIOBHOMO Mo3ra. Mo3sonucToe Tenio B 60fibLUON CTerneHM oTBeYaeT 3a I$PeRTMBHOCTL
PasHbIX aCMEKTOB BbICLIEN HEPBHOW LEATENBHOCTH, BKMIOYaA GYHKLMIO UCTIONHEHNA PELLEHUI, CoLManbHOe B3aMOaenCTBMe,
namATb U A3bIK. BepoATHo, 06pa3oBaHK1e HOBOM CTPYKTYPbI [N1A MEMKMONYLLAPHOrO B3aMMOLENCTBUA CBA3AHO C U3MEHEHUEM
HanpaBneHMs POCTa aKCOHOB HEOKOPTEKCA BO BPeMA Pa3BUTUA. [JaHHbI NPOLECC MOXKET PerymMpoBaTbCA U3MEHEHNAMM YpOB-
HA IKCNPeccUm onpefeneHHbIX reHoB, OTBETCTBEHHbIX 3@ KOHTPO/Ib HAfl POCTOM aKCOHOB M MUTPaLIMEN KNETOK B HEOKOPTEKCE.
MonHoe NOHWMaHWe NpoLecca HaBUraLMmn akCOHOB KOpbl MONIOBHOTO MO3ra M GOPMUPOBAHMA MEKMONYLLAPHbIX CBA3EN N03BO-
IUT CO30aTb HOBbIE MBOTHbIE MOAE/N, KOTOPbIE MOHO byfeT MCNoMb30BaTh B U3y4eHUM NOPOKOB Pa3BUTUA KOpbI.

Bbin naeHTMdMLMpPOBaH AL 3HXaHCEPOB ANA 6ENOK-KOAMPYIOLLMX FEHOB, YbW NATTEPHbI IKCMIPECCUM PA3NIUYAIOTCA B KNETKaX
HEOKOPTEKCa Yy MNaLeHTapHbIX U HenmaLeHTapHbIX (CyMyaTbix) MneKonuTaiowmx. NpoBeeHo cpaBHEHME YPOBHEMN aLeTUIN-
poBaHuA ructoHa H3 Ha nusune 27 (H3K27ac), paccMaTpuBaEMOro Kak anUreHeTUYeckan MeTKa /A aKTUBHBIX 3HXaHCEpOB
reHoB, Mo BCeMy reHoMy AoMoBoro onoccyMa (Monodelphis domestica) n pomoBoi Ml (Mus musculus). [lanee nposogunca
CKPUHWHI reHOB-KaHOMOATOB, OLEHMBaNach NOKanM3aumA U YpoBEHb JKCMPECCMM B KOpe BO BpeMsA aMbpuoreHesa. Takum
06pasoM, bbin onpeenéH reH Thrl, HenpaBuIbHaA IKCNPECCUA KOTOPOTO MOMKET NPUBECTU K U3MEHEHWAM PasBUTUA KOpbI.
Cnepytowmm warom ctano obbeamnHeHne cuctembl CRISPR/Cas9 ¢ in utero anektponopauuen ons NonHoW Aeneumn ak-
TUBHOIO 3HXaHcepa reHa Tbrl B pa3BMUBAIOLLMXCA KNETKax HEOKOPTEKCa Y IMOPUOHOB MbllLeit Ha 14 AeHb IMBPUOHANbHOMO
pa3BuTWA. [poaHann3npoBaHo BAMAHME [eneunn 3HXaHcepa Ha aKcnpeccuio Thrl B BEpXHUX CNOAX KOPbI, HanpaBnieHne
pOCTa aKCOHOB M MUTPaLIMA HEMPOHOB Ha 18 feHb IMBPMOHANBLHOMO Pa3BUTHA.

Bbino NpoieMOHCTPUPOBAHO 3HAUYUTENBHOE CHUMKEHWE IKenpeccuu Thr1 B BEPXHUX CIOAX KOpbI: NOC/E AeNeLyuy akTMBHOr0
3HxaHcepa TonbKo 30% 3neKTponopypOBaHHbIX HEMPOHOB COXpaHMIM aKkcnpeccuio Thrl. Takke Habnoganack [oCToBepHasA
3a/iepHKKa MUIpaLmn HelipoHOB B CyOBEHTPUKYNAPHOM 30He (41% npoTuB 17% B KOHTPO/LHOM Ipynne) U B BEPXHUX CIOAX
Kopbl (20% npoTtuB 35% B KOHTpOsbHOM rpynne). OgHaKo HamnpaBneHWe pocTa aKCOHOB He M3MEHWMNOCh: Kanno3anbHble
aKCOHBI YCMELUHO Nepeceknyn CPeaHioio IMHMI0 U CHOPMMPOBaNK MO30NIUCTOE Teno.

TakvuM 06pa3oM, 3Kcmpeccus 3BOMIOLIMOHHO HOBOMO 3HXaHcepa Tbrl UrpaeT BaxHylo poiib B MUTpaLyU HEMpPOHOB B Xofe
KOPTMKOreHe3a, 0[jHaKo e€ BKMaj B pasBMTME MO30JIUCTOrO Tena OCTAeTCA He [0 KOHUA uccnefoBaHHbIM. Crnepyiowmm
LUaroM CTaHeT [ieTanbHoe U3y4eHne Mop¢honorum Mo3onmncToro Tena nocne Aeneumm sHxaHeepa.
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ABSTRACT

One important aspect of the mammalian brain is the exchange of information between neurons located in different
hemispheres. This process evolved during the development of mammals. In marsupial (Marsupialia) and monotreme
(Monotremata) mammals, the communication between hemispheres is facilitated through an enlarged anterior commissure.
In placental (Eutheria) mammals, a new brain structure, the corpus callosum, emerged during the evolutionary process.
The corpus callosum, comprising 80% of the brain’s commissural axons, is the largest commissure in the human body. The
corpus callosum is a major contributor to the efficiency of higher neural activities, including memory, decision making, social
interaction, and language. A possible explanation for the emergence of a novel structure for interhemispheric interaction is
a change in the growth direction of neocortical axons during development. Changes in gene expression levels can regulate
this process, which involves controlling axon growth and cell migration in the neocortex. A full comprehension of this
process will enable the creation of new animal models for studying cortical malformations and the navigation of axons in
the cerebral cortex leading to the formation of interhemispheric connections.

Several enhancers were identified for protein-coding genes with differing expression patterns in neocortical cells of placental
and non-placental (marsupial) mammals. Throughout the genomes of the house opossum (Monodelphis domestica) and
the house mouse (Mus musculus), the acetylation levels of histone H3 on lysine 27 (H3K27ac) were compared. H3K27ac
is considered an epigenetic marker for active gene enhancers. Then, a screening of candidate genes was performed to
evaluate their localization and expression levels in the cortex during embryonic development. Thus, the Tbr! gene was
identified. Incorrect expression of this gene may result in changes to cortical development.

The CRISPR/Cas9 system was combined with in utero electroporation to completely delete the active Tbr1 gene enhancer in
developing neocortical cells of mouse embryos at day 14 of embryonic development. The impact of this enhancer deletion
was then analyzed on the expression of Tbr! in the upper layers of the cortex, as well as the direction of axon growth and
neuronal migration on the 18th day of embryonic development.

A significant reduction in Thr1 expression was observed in the upper layers of the cortex after deletion of the active enhancer.
Only 30% of the electroporated neurons retained Thr1 expression. Moreover, a considerable delay in neuronal migration was
observed in the subventricular zone (41% versus 17% in the control group) and in the upper layers of the cortex (20% versus
35% in the control group). However, the direction of axonal growth remained unchanged: callosal axons effectively crossed
the midline and created the corpus callosum.

Thus, expression of the evolutionary novel Tbr! enhancer is important for neuronal migration during corticogenesis.
However, its contribution to the development of the corpus callosum is not fully understood. A detailed analysis of the
corpus callosum morphology post-enhancer deletion will be the subsequent step.

Keywords: corpus callosum; CRISPR/Cas9; enhancer; in utero electroporation.

To cite this article:
Kustova AQ, Celis Suescun JC, Rybakova VP, Tarabykin VS. Study of the role of evolutionary new enhancers in the development of the corpus callosum. Genes
& Cells. 2023;18(4):502-503. DOI: https://doi.org/10.17816/gc623464

ADDITIONAL INFORMATION

Funding sources. This study was supported by the Russian Science Foundation, grant No. 21-65-00017.

Authors' contribution. All authors made a substantial contribution to the conception of the work, acquisition, analysis,
interpretation of data for the work, drafting and revising the work, and final approval of the version to be published and agree to
be accountable for all aspects of the work.

Competing interests. The authors declare that they have no competing interests.

AUTHORS’ CONTACT INFO

* AQ. Kustova; address: 23 Gagarin avenue, 603022 Nizhny Novgorod, Russian Federation; e-mail: elakust@gmail.com

Received: 23.05.2023 Accepted: 26.11.2023 Published online: 20.01.2024
&
ECOeVECTOR Avrticle can be used under the CC BY-NC-ND 40 International License

© Eco-Vector, 2023


https://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.17816/gc623464
https://doi.org/10.17816/gc623464
mailto:elakust@gmail.com

