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Transcriptional Regulation In Eukaryotes
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Motivation

e Transcription factor binding sites tend to cluster along the DNA strand
* In some cases sites form COMPOSITE ELEMENTS (CESs)
» Co-regulated genes have similar regulatory elements in their regulatory regions

* Functional regulatory sequences are more conserved
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» During the evolution sites can undergo the significant turnover => the regulatory
elements can move and reshuffle along the DNA strand



Regulatory Region Structure
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Hidden Markov Model (HMM) of a regulatory region:
« combines potential sites to form clusters

 takes into account the regulatory region structure



Our program (HMM-based)
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>gi]116010444 | ref|NT_033779.4] Drosophila melanogaster chromosome 2L,
complete sequence
CGACAATGCACGACAGAGGAAGCAGAACAGATATTTAGATTGCCTCTCATTTTCTCTCCCATATTATAGG
GAGAAATATGATCGCGTATGCGAGAGTAGTGCCAACATATTGTGCTCTTTGATTTTTTGGCAACCCAAAA
TGGTGGCGGATGAACGAGATGATAATATATTCAAGTTGCCGCTAATCAGAAATAAATTCATTGCAACGTT
AAATACAGCACAATATATGATCGCGTATGCGAGAGTAGTGCCAACATATTGTGCTAATGAGTGCCTCTCG
TTCTCTGTCTTATATTACCGCAAACCCAAAAAGACAATACACGACAGAGAGAGAGAGCAGCGGAGATATT
TAGATTGCCTATTAAATATGATCGCGTATGCGAGAGTAGTGCCAACATATTGTGCTCTCTATATAATGAC
TGCCTCTCATTCTGTCTTATTTTACCGCAAACCCAAATCGACAATGCACGACAGAGGAAGCAGAACAGAT
ATTTAGATTGCCTCTCATTTTCTCTCCCATATTATAGGGAGAAATATGATCGCGTATGCGAGAGTAGTGC
CAACATATTGTGCTCTTTGATTTTTTGGCAACCCAAAATGGTGGCGGATGAACGAGATGATAATATATTC
AAGTTGCCGCTAATCAGAAATAAATTCATTGCAACGTTAAATACAGCACAATATATGATCGCGTATGCGA
GAGTAGTGCCAACATATTGTGCTAATGAGTGCCTCTCGTTCTCTGTCTTATATTACCGCAAACCCAAAAA
GACAATACACGACAGAGAGAGAGAGCAGCGGAGATATTTAGATTGCCTATTAAATATGATCGCGTATGCG
AGAGTAGTGCCAACATATTGTGCTCTCTATATAATGACTGCCTCTCATTCTGTCTTATTTTACCGCAAAC
CCAAATCGACAATGCACGACAGAGGAAGCAGAACAGATATTTAGATTGCCTCTCATTTTCTCTCCCATAT
TATAGGGAGAAATATGATCGCGTATGCGAGAGTAGTGCCAACATATTGTGCTCTTTGATTTTTTG....
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Co-regulated genes prediction

Gene Expression Pattern
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Test Systems: Drosophila Developmental Genes
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Anterior—posterior axis patterning system

Transcription factors (gap genes):

Bicoid(bcd) *Kruppel (Kr)
*Hunchback (hb)  <Knirps (Kni)
«Caudal (cad) Tailless (TII)

*Giant (gt)

First run:

Train model on gene hairy (h)
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Top genes for h-trained model: expression, function

Expression Pattern | Conservation Score Function
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TrAan Coanac: (2N ctatictinre

I UY OCIITCS. UuU-olalsuilos
GO Term Top 32 genes (26)/All genes: 10558|P-Value
periodic partitioning by pair rule gene 5 6 1,64E-10
blastoderm segmentation 9 137 4,72E-09
trunk segmentation 5 15 1,81E-08
posterior head segmentation 4 15 1,60E-06
tube morphogenesis 6 102 4,49E-06
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Comparison of the gene lists for different training genes

8

8O0 B h3
. B K3
: N
- v
z I Kr ‘l M
‘Z \.mulllll ket b

F”m“ggaghmiﬁﬁ Cei e STETEBRESOERLTREATLE 3RS

3 p32 8%g o 8538 gg 53 8 gg

11



Comparison of the gene lists for different training genes
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Clusters prediction: hb

(h — trained model) (Kr — trained model)
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Cluster structure: comparison between genes
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Cluster structure:

comparison between genes
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Cluster structure:

comparison between genes
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Clhiictar ctriintiire: cita_tn_cite dictancrac
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Transcription factors:

eDorsal (dl) *Brinker (brk)
*Snail (sna) *Su(H)
eTwist (twi) Mad
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Top genes: expression, function

Gene

Expression Pattern | Conservation Score
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guidance, dorsal closure

Function Gene Expression Pattern | Conservation Score Function
) glial cell differentiation, hindgut,
epidermal growth factor (Egf) -
receptor signaling pathay heart and somatic muscle development,
mesoderm development
gogenesis, negative regulation
darsaltventral axis specification aret of askar mRMNA translation,
gorm coll developmont
ATP:ADP antiporter, neuran and
protein targeting to mitachondrion sesB musele homeostasis (nextto Imp
{nervous system development)
& transmembrane transpart (7
Mateh binding, neurdgenesis Ih {next to conw {open tracheal
systern developrmentn
transcription factor; axon guidance ) ) . .
- ' o ' Dpp pathweay, imadinal disc-derived
dendrite morphogenesis; muscle cy-2 wing vein speciication
argan development
transcription factar, hibs regulation of striated muscle
ectoderm development tissue development
protein localization; Motch pathay,
muscle cell fate specification, CG32306 unknown
regulation of neurogenesis
salivary dland cell autaphagic - N
transcription factor; peripheral
cell death (hetwaen Dok (dargal chn nervaus system development
closure) and hrkd
oxidation reduction (%)
cell adhesion{?) CG13833 * (next to Imd {muscle
argan developmentn
transcription factor; segment e ) ) )
- ' DA binding; imaginal disc-derived
polarity, mu_scle organ develqpment, psy wing momhogenesis
dendrite morphogenesis
transcription repressar,
neuroblast development emc sensory organ development,
neuramuscular process
lang-chain fatty acid transporter transcription factor,development
activity () (between nvy and 333880 of central neuroendaocrine
hetaTuhB0D (axonogenesisy) system
rushraamm body development CG32060 ' ko
) rmiotar axon guidance; defasciculation
proteolysis (7) Fipdasa of mgmorneurun axan
transcription factor, neuran
development, muscle Gaddds JMK cascade {next to Adyd34%)
tigsue develapment
transeription factor; tarso signaling ) ) .
nathvway, motar 2xon and dendrite s torso signaling pathway; dorsaliventral

axis specification




Top Genes: GO-statistics

GO Term Top 32 genes (30) |All genes: 10558 |P-Value

organ development 18 1101 2,94E-08
regionalization 10 407 5,49E-06
patten specification process 10 426 7,56E-06
regulation of transcription, DNA-dependent 9 390 3,45E-05
nervous system development 10 565 7,34E-05
imaginal disc-derived wing vein morphogenesis 4 36 9,53E-05
imaginal disc-derived appendage morphogenesis 7 237 9,64E-05
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HMM Scheme
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(h — trained model)

(Kr — trained model)

Clusters prediction: eve
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(h — trained model)

Clusters prediction: ftz

(Kr — trained model)
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Clhiictar ctriintiire: cita_tn_cite dictancrac
WIUOSLTIT SLHULLUICT. OSILTTLUTOILTC UloLlaliIL T o
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MhiictAar ctriintiira citn A cita AictAanm~rnace
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MhiictAar ctriintiira citn A cita AictAanm~rnace
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Example: pair-rule gene hairy (h)
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Example: pair-rule gene runt (run)
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-18000 —ﬁud -1J000 -900 -6000 -3000 3000 G000 9000
i - Owir
kni <kni <kni oo
Kr< Kr<Kr<Kr< kni <bni> — tl <Kr> Kr < }1go,p cad<cad>cad>kni < Kr<bed>
Ly I — | 1 | v4 1— | — |
- 18000 -15000 12000 -9000 -G000 -3000 3050 G000 95000
kni <kni> kni> khi < 1300.0 Dgri
1200.0 lr <kur <
kr< Kr<Kr< t £Ers < KrsKr< tll <cad> H100.0 gt>cad <
AN T — | 7T = I
\_- 18000 -1500 -12000 #9000 -6000 -3000 3000 G000 9000
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Kr+(tll+cad+gt)

kni+(cad)

kni+cad+bcd+Kr+tll




Example: pair-rule gene fushi tarazu (ftz)

stripe 3+7 277

stripe 1+5

000 -14000 -12000 -10000 -8000  -60QD -2000 O 2000 4000 6000 gonn 1nnnn
ODmel
) . . . . } 1200.0
cad® lkni <k <kni <kni <km <km < l100.0 Kr<tll <Kr> Er <hcd>
1 \ : ! |
000 -14000 -12000 -10000 -8000  -60OD 42000 0 2000 4000 G000 000 10000
kni <kni <kni <kni <kni <kni <kni < 1500.0 Dana
1100.0 Kr: Kr<bhed <tll <Kr
000 -14000 -12000 -10000 -8000 -6000 -2000 0 2000 4000 E% 00 2000 10000
Dpse
Iini<kni<ini<£li<kni<kni< 1200.0
1100.0 KrzKr<Kr<
000 -14000 -12000 -A0000 -8000 -6000 -2000 0 2000 4000 G000 8000 10000
- Drwil
+200.0
kni <kn| <kni<kni < 1100.0 Kr> Kr <Kr <
T —
000 -14000 -12000 |-10000 -8000 -600D -2000 0 2000 4000 6000 8000 10000
cad> kni <kni <kni < 12000 D
Kr <kr< 1100.0 ko> Kr <tll >
. i AV =1 —
000 -14000 -12000 -10000 -8000  -GOOD -2000 0 2000 4000 5000 8000 10000
Drgri
ki <kni <kni <kni <kn < +200.0
+100.0 Kr> Kr <Kr <
\ L |  —
000 -14000 -12000 -10000 -8000 -6000 /-4000 -2000 O 2000 4000 / G000 8000 10000
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kni+(cad)

Kr+(tll+bcd)




