EXON and OFF: The evolutionary trajectory of isoform complexity
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Alternative splicing (AS) is vastly
increasing the variety of proteins,
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Housekeeping genes are the ones required for the
maintenance of basic cellular functions and are
equally well expressed in every cell of the organism

[eHbl AOMaLUHero xo3AMcTBa Heo6xoaUMbI ANS
noajep>aHus OCHOBHbIX KJ1€TOUYHbIX (PYHKLUN U
XOPOLLO 3KCNPECCUPYIOTCA BO BCEX KNeTKax

¢ DENST00000570248.5
@ENST00000566192.5
@ENST00000566265. 1
ENST00000563209.1
ENST00000258187.9

- 0 == =

; '?"‘g’?j}?’%f’@s%@a%’?’ surveying: housekeeping genes and neuronal ones

(30l Ver o
(gf) ‘s{g/b Ualg "y,
ORI %

s (]
=) Gr. =)

introducing new opportunities

AnbTtepHaTuBHbIM cnlaucHHr (AC) -
npMyYMHa MHoroobpasmsa 6esKoB B
COBPE@MEHHbIX OpraHM3max

Protein C

Different transcripts - mRNA products of AS -
can be expressed in different cell types

TpaHCKpUNTbI MO-Pa3HOMY 3KCNpeccUpyroTcs
B pa3HbIX KJI€TOUYHbIX TUMAX

There are two families of interest we are gonna be

Mbl 6yaem paccMaTpuBaThb ABa CEMEMUCTBaA:
HeMpOoHaJibHble reHbl U reHbl JOMallHEero xo3amcTBea

Neuronal genes are the ones expressed in
neurons and controlling development,
structure and function of nervous system

HelpoHa/sibHble reHbl 3KCNpeccHMpyloTcA B
HeMpOHaX U KOHTPOIMPYIOT pa3BUTHE,
CTPYKTYPY M (PYHKLMU HEPBHOMU CUCTEMDI

There are studies illustrating that domesticated
species (e.g. sunflower) are more isoform-rich than
their wild counterparts

CyLecTBYIOT UCCef0BaHMA, NOKa3biBawLWMeE, YTO Y
OAOMaAaLLUHEHHbIX BUAOB (Hanpumep, NoAco/IHyXa)
6onblie M30popM, YeM Y UX OUKUX POACTBEHHUKOB
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Goal: Trace the evolution of isoform complexity across orthologs
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Tracing exon evolution of individual orthologs
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Case study: MYC binding protein 2 (MYCBP2)
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Exons in canonical isoforms:
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Yeast
Arabidopsis
Roundworm

Latimeria
Zebrafish

Mouse

Chimp
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35 species were selected for
sequence coverage,
evolutionary spacing, and
representation of all eukaryotic

kingdoms

Bunabl oTtémpanmcb no nosiHoTe
nocsiefoBaTe/IbHOCTEM,
paBHOMEPHOMY pacnpeaesieHUIo
BO BPEMEHM U NpepCTaBNEHUI0
BCEeX LLapCTB 3yKapMoT

Methodology MeToponorus

1. Species Selection

Neuronal proteins were
selected from Human
Protein Atlas

um tetraurelia
Tetrahymena thermophila
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HenpoHa/ibHble reHbl

Gbl1M BblIOpaHbI C
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Transcript Atlas (1.0

Housekeeping genes were
selected from
Housekeeping and
Reference Transcript Atlas

'eHbl AOMaLLUHero
X03AUCTBA 6bl/IM BblIGpaHbI C
nomMoLlbto ATnaca
TPaHCKPUINTOB reHoB
IOMALLHero Xo3amcTea

3. Orthologues
Search

For housekeeping genes, 57% of species had
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Orthologues were first
retrieved from the Ensembl
database

»

e., Ensempb] oo omom casana som

NoJly4eHbl M3 6a3bl AAHHbIX
Ensembl

Blast was used to find
extra orthologues not
presented in Ensembl

Ana noncka
oTcyTcTBYOWMX B Ensembl
OpTOJIOroB UCMOJIb30BaJICA
Blast

orthologues in at least 70% of genes.

[AnAa reHoB goMallHero xo3aucTeay 57% BuaoB
HauAeHbl OPTOJIOrM KaK MMHMMYM B 70% reHos.

N

For neuronal genes, only 17% of species had
orthologues in at least 70% of genes.

/Ana HeMpoHa/ibHbIX FreHOB, TOJIbKO Y 17% BUAOB
HanMAeHbl OPpTOJI0rM KaK MMHUMYM B 70% reHos.
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How to read the plots
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Lion vs Cat

e HK genes are expected to have similar
exon count (horizontal line)

e Neuronal genes are to have exon count
higher in domestic (negative slope)

e Edge color = number of samples
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Neuronal (Neuro)

e Similar canonical HK proteins
across evolution

e 3JBOJIIOLMOHHO KOHCEPBATMBHbIN
6enok AX

e Canonical protein in human is
barely expressed

e KaHoHMYecKuM 6enoK B YenoBeK
He 3KcnpeccupoBaH

e Instead, the shortest protein
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isoform is expressed
e BmecTo 3TOro aKcnpeccupoBaH
CaMbIM KOPOTKUM

Kak yutatb rpacpukm

(Neuro)

Cat

Cat vs. Lion

Lion

(Neuro)

‘§\ |

Lion

Isoform count ratio for neuro genes ¢

dingo >> dog

tiger >> cat
lion >> cat

i ll II
251 1:4 1:2

B Dingovs Dog M Tiger vs cat

Lion vs Cat

dingo << dog
tiger << cat
lion << cat

number of isoforms

number of isoforms

Cat vs. Tiger (HK)

25

20

15

10

Cat Tigrer

10

250 25

8.
200 ; 20
150 9] 15

100 4 10

There is no strong differences between
the dog and the dingo because it is a
re-ferilized species

Mexxay cobakou U AUHIO Mbl He
Ha61l04aeM CUJIbHbIX OT/IMYMU B
Konnyecrtee M30(popMm, M3-3a TOrO YTO
AMHIO - 3TO BTOPUYHO OAMYaBLUMMA
NIOMALLUHWH BMJ,

There is a drawdown on the charts
because of insufficient sequencing depth
N3-3a HeJ0CTAaTOYHOM MTyOUHDI
CEeKBEHMPOBaHMA AUKUX BULOB, Mbl BUANM
npocegaHne JaHHbIX Ha rpadmkax
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Conclusions BbiBOAbI

Orthology-driven study shows that neuronal genes show a steady increase in exon number across species, followed by a plateau in
vertebrates, unlike the relatively stable exon count in housekeeping genes
N3y4yeHHne OpTOI0roB NoKasasio YTO HEMPOHaJibHble reHbl 4EeMOHCTPUPYIOT POCT YUC/1A 3K30HOB MO Mepe 3BOJIILMU, 32 KOTOPbIM
ciiegyeT NaTo y NO3BOHOYHbIX, B OT/IMYME OT CTAOGM/IbHOIO YMCJ/la SK30HOB Y FreHOB [JOMAaLLUHEero Xo3sMcTBa

Neuronal genes exhibit greater variability in exon structure across species, suggesting more complex regulation of gene expression
and protein structure

HelpoHanbHble reHbl NposaBAAIT 60/1blUyI0 BapMabeslbHOCTb CTPYKTYPbl 3K30HOB MEXAY BUAaMM, YTO YKa3sbiBaeT Ha 60/1ee CJI0XKHYI0
perynaumio 3KCnpeccum u 6e1KoBon CTPYKTypbl
Domesticated animals’ neuronal genes have more exons than their wild counterparts

Y 0 OMalUHEHHbIX XXMBOTHbIX KOJIMYECTBO 3K30HOB HEMPOHAJ/IbHbIX FEHOB Bbllle, YeM Y AUKUX POACTBEHHUKOB
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