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An ESE (enhancer-sequence-element)
SNP can alter RNA splicing

(Collaborated with Krainer lab at CSHL:
Nature Genet. 2001)

Patterns of alternative pre-mRNA splicing
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Alternative promoters

Alternative polyadenylation sites
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Two-step pre-mRNA splicing pathway

GU—A—AGIEEN

Conserved intronic splicing signals

5’ splice site branch site 3’ splice site

Adapted from Burge et al (1999) in The RNA World
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ESE-dependent splicing

SR protein structure

SR proteins
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Functional SELEX approach to study
SR protein specificity
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IgM splicing in S100 extract requires
* SR proteins

+ Exonic Splicing Enhancer

ESE consensus motifs
(G&D1998,MCB1999)
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A BRCA1 nonsense mutation

causes exon skipping (NMD?)
(Mazoyer et al Am J Hum Genet 1998)

AT GCT GAG TTT
v

E1694X

Mutants to test nonsense codon requirement

WT NL NH ML

SF2/ASF
score

wT GAG 2.143
NL tAG 0.079
NH GAG Tag 2.496

ML aAG 0.079

— m
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Different SF2/ASF high-score motifs
can substitute for the natural ESE

WT NL MAX WB3 SC2 SC3

SF2/ASF
score

GAG 2.143
tAG 0.079

acAcga 6.589
ga ccc gg 3.291
gacAc g 2.164
gg GAG ga 3.714

Alteration of enhancer motif scores by point
mutations (50 exon-skipping mutants)

SFZIASFSRp4OSRp558c35CFTREGOXG >T3NCFTRR75XC>T3NCFTRR553XC>T11NCFTRW 1282
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ESEﬁnder a Web resource to identify ESEs

SE/  Cartegni et al. submitted)

0
A7 GCTCAGTTTGTGTSTGAA Z3RACACTGAAMTATTTTCTA RBMATTSCGG3AGGAAMAT AEETAGTTAGCTATTTCT

'ASDB (with Stamm/Max-Plank, Nakai/Kyoto, 2001)

mATDB (Wang & Zhang, to be submitted)

*The RNA-mediated Annealing, Selection and
Ligation Assay (RASL): Application in Alternative
SpllClIlg (with Fu&Gribskov/UCSD and Fan/Illumina, NCI funded)

N

. . Caf I N (A )n
Step 1: Oligo Annealing ™ /'
zipl § zip2

Step 2: Poly A" Selection
ey o N )
Step 3: RNA-dependent Oligo Ligation o
Zip

Step 4: Amplification using Universal Primers
C /P N . |, A )n

Step 5: Hybridization to Zip-Code Arrays

zipl GpZ
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Classification of 5’UTRs by CART

(Collaborated with Sunoga lab at Tokyo U.
Genome Res. 2000)

Forms of translation regulation by 5’UTR

e — — — 0 e

m7G
tss secondary AUG----UAA AUG IRES translation start
Site structure (uORF) (AUG)

Gene Name Length uAUGs Mechanism
c-mos (ovarian mRNA) 80 0 secondary structure
c-mos (testicular mMRNA) 300 4 uAUG
RAR beta2 461 uORF
PDGF2/c-sis 1022 IRES
TGF beta 1 840 secondary structure
ATM (cancer) 146-884 uAUG

1116/1127 uAUG

408 IRES

484 IRES
IGFII (p3) 1170 secondary structure
IL-15 313 UAUGs
TGF beta 3 1104 uAUGs
TGF beta 3 (Breast cancer cells) 297 highly expressed
Spi-1 151 secondary structure

Some examples

_.
T 300028 own
©

o o
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5°’UTR database

e a set of 954 human 5’UTR sequences was obtained from 5’ end-
enriched cDNA library (Suzuki et al. 2000) with their mRNA start
sites mapped
a second set of 1613 full-length 5’UTR sequences retrieved from
UTRdb (Pesole et al. 2000) database
all the redundant and ambiguous sequences were eliminated and

finally a non-redundant set of 2312 5’UTR sequences was prepared

for the analysis
CART classification of human 5’UTR sequences

Class I(226): 5'UTRs of growth factors, their receptors,
transcription factors, proto-oncogenes, cytokine receptors and
tumor suppressor genes. Most of these are understood to be

Class II(70): This class consists of TOP mRNAs. (5’ terminal
oligopyrimidine tract-5’TOP), The

Class III(76): 5'UTRs of highly expressed genes, tubulins,
globins, globulins, myosins, caseins, glycolytic enzymes, beta-
actin, gamma-actin and histones. Theses transcripts are believed
to be

CART Model (Breiman,Friedman, Olshen & Stone, 1983)

-0
=0
CLASS 1T
5’UTRs of
CLASS IT TOP LS CLASS I CLASS 111
5°UTRs of 5°UTRs of 5°UTRs of
TOP mRNAS Poorly translated translationally
(TS unregulated
transcripts

Dr. Michal Zhang, Cold Spring Harbor (KITP Bio Networks 2/27/03)
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Cross Validation Classification:

Actual Class

(100)

Predicted Total

RESULTS

AG was the most discriminative variable for the three classes.
AG was followed by presence of TOP, 5’UTR length, number of
stable free energies, presence of stable secondary structure
within the first 100 bp from the cap site, CDS length, A/T
ratio, G/C ratio, number of uAUGs, G number of uORFs and
codon bias, in the order of relative importance for predictive
classification

More than 90% of Class I 5’'UTRs are embedded with stable
secondary structures with AG less than -50 kcal/mol. Classes II
& III are almost free from this translational inhibitory
feature. Also 60% of the Class I 5'UTRs have stable secondary
structures within the proximity of the transcription start site.

Presence of uAUGs and uORFs was observed as common feature in
Class I 5’UTRs where as Classes II and III are quite free from
these features.

65% of Class II transcripts are in good start site context
followed by Class III with 57% and Class I with 49

There was not any significant difference in GC% between the
three classes.

There was not any significant difference in mean codon bias
between the three classes, which indicates that the codon usage
and expression level in human genes are not correlated. 1In
contrast, codon bias plays an important role in translational
efficiency in some lower eukaryotes, such as yeast (Sharp and
Li, 1987).

Dr. Michal Zhang, Cold Spring Harbor (KITP Bio Networks 2/27/03)
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Promoter analysis in silico

L]
b %
®
RNA Pol Il
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*De novo (database/training set) -> TSS;
*Functional genomics (expression/localization) -> cis-elements;
*Comparative genomics -> TSS & cis-elements

COI‘G_PI‘OIIIO'[GI‘ (Zhang, Genome Res. 1998)

Pol.1ID (TFs)HETF150FTF250BXUPEATATATBPCIFDPEInt-60

GenBank

M12523:1..1980

ALB gene=serum albumin
Firstexon=1737..1854
AUG=1776

C+G=0.33

Core_Promoter prediction:

TSS Score

+1 1737 0.637
160 -130  -100  -70 420 450 480 i;jg’ 862“8‘
2 .58

X Xs 1732 0.534

X, X, 1731 0.531

55 -10 : ’ 1728 0.498

1726 0.428

QDA variables

Dr. Michal Zhang, Cold Spring Harbor (KITP Bio Networks 2/27/03)
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CpG_Promoter (Ioshikhes&Zhang Nature Genet. 2000)

CpG island: Length > 200 bp;C + G content > 50%;CpG ratio Obs/Exp > 0.6

135 genes

68 have CpG island around promoter *Promoter Scan gives

63 recognized SN = 0.44

SN =0.47 (0.93) SP =0.06 (1 Pos. /4.7 kb)

SP =0.34 (1 Pos./26 kb; 1/36 kb is in
fact)

CpG_Promoter prediction: Core_Promoter prediction:
ngBank CpG islands Promoter- TSS Score
D87675 associated 8921 0.100
>301kb 8813..9319 8923 0.094
App gene encodes 9328..9547 8920 0.089
Amyloid precursor protein  9761..10203 8919 0.084

Firstexon=9001..9204 117256..117511 8922 0.078
AUG=9148 176132..176342 8918 0.058
8783 0.056

First exon prediction (FirstEF)
(Daluvuri,Grosse&Zhang, Nature Genet. 2001)

Performance statistics of FirstExonFinder Promoter Prediction accuracy of FirstEF
bascdionicrassivalidation ) and PromoterInspector for Ch22

Exon Type Sn
CpG-related

Not CpG-
related i 3 3 43.10%
All Exons

Prediction Accuracy for Ch21&22 (Number of Real Promoters: 58)

Chromo-some | Number of Number of Completely Predicted
Exponentially correctly non-coding non-coding
mapped first predicted first | exons exons
exons exons

10 (71%)

106 (88%) 33 (79%)

Dr. Michal Zhang, Cold Spring Harbor (KITP Bio Networks 2/27/03)

Program ‘ TP ‘ FP ‘ Sn ‘ S ‘
53.50%
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FirstEF program

2 Firster: first-exon and promoter prediction program for human DNA - Microsoft Internet Exp

=10l

File Edt View Favorites Toos Help

;
| &

Q= - () - %] B | seren ormons @hress @) (- L -

Address [ http:/argon.cshl org/FirstEF|

human DNA

irstEF: first-exonand promoter prediction program for

S Be ks >

http://www.cshl.org/mzhanglab/FirstEF

Research License mstruction and agre ement form

Note: the maxitaum acceptable sequence file Length is 100 KB.

Please paste your sequence in FASTA format (First e line begin with 2 ')

Or, give the name of a file containing the sequences in FASTA format

Browse,

- eutoff value for the first-exon a-posteriori probability: |050

Cell Cycle Regulation (Speliman et al. MBC,1998)

(Brown&Botstein labs — Futcher&Zhang labs)
cdc28 Elu Ix SWIS TAA

CLB1
Fle Edit Vew Go Favortes Help crmo-1

- i s | | Address [ hitp:/cosigma.cshlorgiiian =] | Links} CLB2-2
S G C
- E SCPD
= @ The Promoter Database of
§ ..
Saccharomyces cerevisiae

hu&Zhang, 1999

%@jllpga cdel5

« Genes: Eaplore the promoter regions of ~6000 genes
and OFFs in yeast genome
o Provide information on genes with mapped

cpcle  TTICT
ameGendsGroupMotifsSited(%Genes)Sites(%Genesout of 256 controlg)Choet al.Cl

Dr. Michal Zhang, Cold Spring Harbor (KITP Bio Networks 2/27/03)
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Cell Cycle Regulation (continued)

Computationally predicted E2F target genes confirmed by
in vivo footprint (ChIP) (Kel e al. JMB 2001)

Gene EMBL Sequence of the | Position rel. | Score, g | d(X)

potential sites start

transcriptio
n

c-fos, Homo
sapiens

JunB. Homo | HS207341
sapiens

FSTGFBIPR

ARF, Homo | AF082338
sapiens

Mcmd "AB000G29
(Cde21), Mus
musculus

MCMS (PI- | 5256810
CDCA6),
Homo sapiens

AFOI0238,

HSNUCLEO

CSNUCLEO

fus | MMNUCLEO

musculus

Does genome location analysis work with human cells?
—— Challenges (In collaboration with Ren Lab UCSD)

ChlIP-chip:

+ Genome is 200 times bigger than
yeast

+ Abundant repetitive sequences

+ Annotation of gene structure and
function is much less complete

A
\VAVA
-

+ Many different cell types

+ Quality of antibodies

Dr. Michal Zhang, Cold Spring Harbor (KITP Bio Networks 2/27/03)
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Location Analysis in Human cells:
E2F4 Binding to Human Promoters (ren etal. 2002)

100000
E2F3

MCM3
CDC6
p107
CDC25A

10000

1000

Total Input DNA

100

10 100 1000 10000 100000

E2F4 ChIP DNA

RT-PRC Confirmation (Cont.)

DNA Repair
Wt p1077 p1307- Wt p107° p130™
Hr 0 81220 0 81220 Hr 0 81220 0 8 12 20

CYCLIN A BARD1

ST T 1 1] ACTIN RPN RADSAL

Checkpoints Mitotic
wt p107° p130™ Wt p107° p130™
Hr 0 81220 0 812 20 Hr 0 81220 0 812 20

MAD2L “ LR T HEC

I

TTK NEK2

L] CHEK1

SECURIN/PTTG1

New challenge: Expression+ChIP+Promter, CompositeSites

Dr. Michal Zhang, Cold Spring Harbor (KITP Bio Networks 2/27/03)
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Comparative DNA sequence analysis of protocadherin gene clusters

(Maniatis, Meyers, Zhang labs, Genome Res. 2001)

Cadherins are Localized to Synapses

. .
Cadherin Superfamily Dt
. at
DN-caﬂcnn Seven-pass transmembrane cadherins
1 ‘1l Flamingo, Celsr
2 B
p B
4 [4]
s [s |
Lo | s |
L i
DE-cadherin 8 &
n | Z Protocadherin family,
= 1) CNRs Protocadherins
classic cadherins [u] m Ret
7] [2] 12| B
B 2] ]
B 4] L
n B 15
E i i
) Gomaa) ?
) ot
.
CNR Subfamily
~| 77kb |~ ~|110kH~
r v L| r T r v L'
234567 8910112 o 2123 12345 678 9101112 1314 15 16171819 202122 123
e e o E——— - m m s R E E R EEsE s E - [ R S I S S A S
193023 6pl8 72cl4 92d17 16108 56bl11 19k11
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Mouse and Human CNS Clusters

. . Constant
Variable region region
1 2 3456 771l 28 910 11r312 cl ¢2 12 3
M = e e e o o e o o o e 2 e — —— e e
Hee— e e e e e e e e e e e e e
1 2 3 4 56 78 9 10w41112 13 cl c2 12 3
] ~300 kb i
1 2345 6 78 9 1011 12 1314 15161718 19 20 21 22
M & e e e — e — e — = ——— -
H =@ s e e o 2 o o o o e — ]
1 rl23 4 5 6%1788a9101121314Y2y515
I ~300 kb 1
. . Constant
Variable region region
r

1 T 1

1 2 3

M e = == ——fim —— == == = = = = = ———i=
H + i=iim =i == —f—im —— == == = = = = = ———=
1 2 3

~300 kb 1

Phylogenetic relationship

Dr. Michal Zhang, Cold Spring Harbor (KITP Bio Networks 2/27/03)
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Upstream Sequence Similarity

A: Pcdha

B: Pcdhy

-300 -200 -10

Distance

lo}

o -300 -200 -100 o
Distance

C: C-type Pcdh

-700 -600

-500

-400 -300 -200 -100 o
Distance

CpG-islands, conserved promoter elements
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Dr. Michal Zhang, Cold Spring Harbor (KITP Bio Networks 2/27/03)

(1.00)
(1.00)
(0.90)
(0.60)
(1.00)
(0.80)
(1.00)
(0.90)
(1.00)
(1.00)
(1.00)
(1.00)
(1.00)
(0.86))
(1.00)
(1.00)
(1.00)
(0.86)
(1.00)
(1.00)
(0.12)
(0.10)

0.71)
(1.00)
(1.00)
(1.00)
(1.00)
(0.36)
(1.00)
(042)
(1.00)
(1.00)
(1.00)
(0.85)
(1.00)
(0.56)|
(1.00)
(1.00)
(0.78)
(0.34)
(1.00)
(1.00)
(0.57)
(0.20)

19



Computational Molecular Biology of Genome Expression and Regulation

Novel conserved regions in the introns (transcplicing signals?)

A Conserved sequences upstream of Pcdha constant region exon 1 (83%)

M:-949tagccaaacaaggtcaaacta--cagtggtttgttttettetetttgetgtecctectee

H: -604tagcaaaacaaggtcaaactctgcaatagtttgttttcctetecectagtatccctettea

atcagttgaagaggctgttgtcagttgctagtgttacgactgggcacatccttctcaggt

atcagaa-aagagactgttatcagttgctggtgttatgactgggcacatccgeccctgggt

caaacatgctgcagtctgcaaagccagcagtagattgcagtcctctgcagtccaggcaga

caaatatgctgcagtctgcaaagccagcagcagattgcagtcctctgcagtccageccagg

tTtE‘?TTTTTtT‘t?ﬁZT -756 B Conserved sequences upstream of Pcdhy constant region exon 1 (83%)

ccagcagaacttgtgt 410 M: 671 tttctccgccttggacagagetgecttgttcccatctecttggtcacaggecattgtgag

H: 714 tttctccgtctcagacagagcagecttgttetettectecttagtcacagaccattgtetg

gcatgaagttctgggggtgagaggcatcccagagcttggatgececctataaaggectcagge

gcacggagttctaggggtgagaagtgtcccgggacttggatgeccccgcaaaggeccaatce

tgtgggaagag-gtctttgagatcgag

cctaaa ata tta
\IHHIHHIHHIHHHHIIHHIH [ 1
tcctaaat

taataatgtatttagctgtgggaagagattcttgcaagccaag

ggcccggaggaggtggccctctgaatgtgtgagtgcacaacgtggcacaaaaagggttac

ggcccagagaagatgtccctgtgaatgtgtcactgcacaacctggcaccaaaagggttac

ccagagcagcagccatcttgctgcagccgaggetttgttcccagectgaggagectgaat -3

caagaacagcagccatcttgctgcagaggatgectttgttecccagetgaggagttgaat -417

Human genome distribution of CSEs
Xuan, Wang & Zhang, Genome Biology (2002)
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HumanVSmouse Conserved Sequence Elements (Version 2002)
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Zhang Lab, Cold Spring Harbor

CSE, genes and transcriptional
activity in human chr22
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Dr.

CSEs and Human Gene number (cont.)

400004 -
35000: : - B
Eooooj __o—00°

o
5000
o )
10000j —=s— Human gene number estimated
5000 —e— Human mouse homolog number estimated

30 25 20 -5 -0 5 0
Expect value (log)
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