Whole-genome analysis of
GCN4 binding in S.cerevisiae

1T . Gcn4/DNA diagram (CREB symmetric site
Lllllan Dal and AP-1 asymmetric site: Song Tan,

A|ex Ma”et 1999) removed for copyright reasons.



[What IS GCN4 ?

S.cerevisiae transcription factor

Primary regulator of the transcriptional
response to amino acid starvation

Has well-known binding motif: TGAsTCa*

o Based on examining intergenic sequences

Is known to bind both in intergenic regions
and in ORFs**

*”Transcriptional Regulatory Code of A Eukaryotic Genome”, Harbison et al, Nature, Sep 2004

**”Gend occupancy of open reading frame regions [...]”, Topalidou et al, EMBO, 4(9) 2003



Our project

Investigating differences in GCN4 binding in

intergenic regions versus ORFs

o Does it bind to a different motif ?

o How often do motifs occur in both types of
regions ?

o Are there differences in motif strength between
intergenic regions and ORFs ?

o How strongly does GCN4 bind in the different
regions ?

Similar to other studies eg Lieb et al* looked

at Rap1 binding

*”Promoter-specific binding of Rapl revealed by genome-wide maps of protein-DNA association”, Lieb et
al, Nature Genetics 28 (2001)



[Dataset

Whole-genome ChIP-ChIP binding data for
GCN4 in S. cerevisiae from Gifford/Young
lab under amino acid starvation conditions

o Probes located (approx.) 300 basepairs apart

“Binding call” data from Gifford lab

Annotated S.cerevisiae genome from the
Saccharomyces Genome Database (SGD)
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Sequence (ZOOPS)

Y prior probability of a
sequence containing a motif
sequence

MEME Algorithm

max Pr(X|¢)

Procedure:
E-step: compute 2= E [Z]
(z|x.4)

M-step: solve

¢(t+1) =argmax FE [logPr(X,Z |¢)]
p o (Zxs)

Converge to local maximum of Pr(X |¢)

X ={X},X,,...X,} Inputsequence

Z;; =1 Motf starts in position j in sequence X

¢ =[60 w y] Parameters



MEME Inputs

Probe IP/WCE ratio greater than <3, 4, 6>
Sequence lengths <400, 600, 800>

- mod <zoops>

- nmotifs <1, 10>

- minsites <20>

- minw <unspecified, 7, 12>

- maxw <unspecified, 11, 18>

- bfile <none, markov order 5>

- revcomp

Also, generated our own 5%-order Markov
model for coding regions



Intergene MOtlf, Harbison, et. al. 2004*

meme GCN4 YPD.fsa -dna -minsites 20 -revcomp -mod zoops -bfile
yeast.nc.6.freq -minw 7 -maxw 11

N= 59 strands

Letter frequencies in dataset:
A0.322C0.178 G0.178 T 0.322
Background letter frequencies (from yeast.nc.6.freq):
A0.324C0.176 G0.176 T 0.324

NANME

Y ML104C
1IYBE115W
ITHE161C
1TGL126W
1ITOR221C
1TIE0160C
1TCR130C
1Y OL0&4C
Y HLODSC
tTDL171C
{YDL128C
1Y CLO30C
1Y ERD&EW
tYEROS5C
1Y OL141W

*Transcriptional Regulatory Code of A Eukaryotic Genome, Nature, 2004
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Intergene Motif

meme intergenicover4.fsa -minsites 20 -dna -revcomp -mod zoops -

bfile yeast.nc.6.freq -minw 7 -maxw 11
N=71 strands Simplified A 4255 :%:: 1a
pos.-specific C 41: 2: 11;: %

Letter frequencies in dataset: robabilitv G 2543 9 a- - -

A 0.296 C 0.204 G 0.204 T 0.296 - T 1211al  a
Background letter frequencies (from yeast.nc.6.freq):
A0.324C0.176 G0.176 T 0.324 bits 1.5

.
NAMNE STRAND START P-VALUE SITES 53 I
5 33798 = 418 570e-08 GTGTGETTTC € TGAGTCA TRCGGCTTTT ’
533823 - 393 570e-08 GTGTGETTTC € TGAGTCA TACGGCTTTT 18 I
12839902  + 52 1.62e-07  TTACGARACG CGCATGAGTCA cTachgeca — 1nformation 1.5 1
12.839552 + 402 1.62e-07  TTACGALACG CGCATGAGTCA CTGACAGCCA content 1.3 l l lll
12839577 + 377 162e-07  TTACGAAACG CHUATGAGTCA CTGACAGCCA  (13.2 bits) 1.0 '
121598181 - 444  3.24e-07  AGAGTCGGAC CGAGTGAGTCR GCGTGATCGS 08 l l lll
12198156 - 469 3 2de-07 AGAGTCGGAC CGAGTGAGTCA GCGTGLTCGS 05 II I I III
8.422715 + 378 1.0%e-06 TACLALRAGCC AGGCTEAGTCA CGTCALGTTSC 0.3 IIIII I III
4704348 - 309 1.1%e-06 TTTCATGTTC ATCAGTCA TATGCATGAC -
16.822432 - 353 180e-06  TTCAGTTTAC AGAATGACTCA AATGTTACAT 0.0
11.3820%3 + 465 1.80e-06 GCTATAGLTT ACAATCAGTCRA ACGAGCCATT
16.822357 - 433 1.80e-06  TTCAGTTTAC ACABATCACTCA LATGTTACAT Multilevel ACBRATCAGTCA
T 126416 + 382 1.80e-068 LAARAGAGTC ACAATCAGTCRA GOCGGATAAC CONSenss Ch
0.29519% - 388 2. 10e-06& TTTTTGATGT AGACTGAGT CA TTCGGATALLG sequence o
2466735 = 192 3.4B8e-06 TCACCCGGAT THGCTEAGTCA COCTTCATCSE



In-gene Motif

meme ingenebindingover4.fsa -dna -revcomp -mod zoops -bfile
yeast.coding.6.freq -minw 7 -maxw 11

N= 15 strands
Letter frequencies in dataset:

A 0.291 C 0.209 G 0.209 T 0.291
Background letter frequencies (from yeast.coding.6.freq):
A 0.302C0.198 G 0.198 T 0.302

NAME
13665041
7288316
7272091
41420214
14.51%24
13336266
16.25093
4.104410
2.136145
1558527
2. 136170
5342598
12.404010
9.254609
4.1490164
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In-gene Motif

meme ingenebindingover3.fsa -dna -revcomp -mod zoops -bfile yeast.coding.6.freq
-nmotifs 10 -minw 7 -maxw 11

N= 49 strands NAME STRAND START P-VALUE SITES
12838427 4F 682 6.45e-05 TGSTTCAACG TUAGTCA AGTCCTTGAL
Letter frequencies in dataset: 7272066 - 478 645e-05  CAACTTTTCC TGAGTCA TACTGGACGT
15150658 4F 368 6.45e-02 GGTACRRAGE TCAGTCA TCAGATATTC
A 0.292C0.208 G 0.208 T 0.292 1674463 - 463 6.40e-05 CGATTGTCGA TEACTCA GAATGCACGO
. . . 6.204261 - 552 6.45e-05 LAGRATTTCA TGAGTCA TGCGCAAGLA
Background letter frequencies (from yeast.coding.6.freq): 8 141907 N B Edse 05 ATCCARAAAG TCACTCA Tocamemson
A0302C0.198 G0.198 T 0.302 15.758447 - 125 6.45e-05 GCGACTGCAC TCAGTCA TCAACARCAA
4935102 + 371 6.45e-05 CAGAATTCTG TUAGTCA TACTTCCCAG
Simplified A 7aaa78%aaal Simplified A ::a:::a 3.68174 T 753 6.45e-05  TARAARRACG TCACTCA CTGTGCATGS
os-specific C - 1 - os._specific C - - - a 5.295348 - 238 6.45e-05 TGATGTAGAC TGACTCA TTCGGATALG
PSS LN R EE R HIEE=S R R : 4.835164 i 483 6.45e-05 AAGCTTGTTA TEAGTCA TCTCATCGTT
probability G 3::: 12 :::% probability G la: a::: 10633618 + 414 645e-05  ATTTGATCTT TCACTCA COACAATTGT
matrix T::::2.1::: 4 matrix T 2:::a:: 8.118307 + 489 6.459e-05  GAATTGCTGA TCAGTCA TCCGLLACTT
10268276 - 926 6.45e-05 AGRALGCATA TUAGTCA CGACGTGACC
. - 12233460 4F 308 6.45e-05 AGCTGGGAAT TEAGTCA AGTCAATCAL
bits 2.3 bits 2.3 [ 13.668066 - 325 645s-05  CTTCAAGTGA TCAGTCA TACGAGGAGT
21 2.1 | 10.633643  + 389 645e-05  ATTTGATCTT TGAGTCA CCACAATTGT
1.9 1.9 I 12.838952 + 157 6.45e-05  TGGTTCALCG TCACTCA AGTCCTTGLL
15 i I N | | | 2304360 . 340 64505 ATAGTCAGAL TCACTCA TTGTALATAC
Information 1.4 I TeriTrravre e 1. I III 13668041 - 350 6.45e-05 CTTCALGTGA TUAGTCA TACCAGGAGT
_— - 728316 + 348 6.45e-05 TCATATATALL TCAGTCA TTTGTTTCTS
content 1.2 | content 1.2 [['H NN 7272091 : 453 645805  CAACTTTTCC TGAGTCA TACTGGACGT
(15.1 bits) 0.9 ] a3.sbits) 09 [ BN 41420214  + 417 645e-05  TGGTAATGTG TGAGTCA TCATGCTGCT
0.7 o’ ' I 14.51924 - 305 6.45e-05  TTCCAGAGAC TGAGTCA TGATTACTGC
0.5 0.5 I I III 13396266 + 659 6.45e-05 LATTACGCAG TUAGTCA TCCTACCTGT
-~ a 16.25093 + 953 6.45e-05 TTTGGTCTGA TEOAGTCA TCTGCTAACL
0.2 o2 I'I'HN 4.104410 - 693 6.45-05  CARLAACTCG TCAGTCA CTGTGCATTT
0.0 0.0 2136145 - 355 6.45-05  RAATCACAGA TCAGTCA GCTTGGTGAT
1558527 - 452 6.45e-05 GTACTTTRAG TUAGTCA CATAGCGAGC
. - 2 136170 o 320§ 45e-05 LLATCACAGL TUAGTCA GCTTCGTGAT
Multilevel =~ ARAAAAAAAA Multilevel rractes 7893568 + 361 107e-04  AAACACCAGT GCAGTCA ATGGCGATGT
consensus T IEIAITSE TSI 7.625334 + 615 1.07e-04  TTCAACGCCT GCACTCA GACGCTGCGE
sequence sequence 5342598 - a0 1.07e.0d  CGICLGGACC CURCTCA GOTGAAALLL
12404010 + 425 1.07e-04 LAGTATCTAC CUAGTCA TCCOCTCGCTA




GCN4 Motif Strength and
Density
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Binding call data

Maximum likelihood model of actual location where
GCN4 bound”

Tries to find binding location that will best reproduce

raw ChIP-ChIP data based on probabilistic model of

o DNA fragment size distribution

o Expected signal at a probe, given a GCN4 binding event
at another location

Quite accurate:

o Majority of occurrences of GCN4 motif are within 100
bases of predicted binding sites with intensity > 1.75
(compared to mean distance of 500 bases for entire
genome)

*”Computationally Increasing Microarray Resolution”, Rolfe et al, unpublished.



Analyzing binding strength™

GCN4 binding in ORFs
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GCN4 binding in intergenic regions

5-150
S 100 +

> 50 H
bt 0 } }D}D}D}g} } | | | | | |

w
N a o) ™ \a © A
Binding strength

Binding calls > 2.0

Average binding strength

Max binding strength

Min binding strength
Median binding strength

Avg distance between binding calls

Binding calls > 2.0

Average binding strength

Max binding strength

Min binding strength

Median binding strength

Avg distance between binding calls

* Assumes probe spacing is the same in intergenic regions and ORFs
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1.002
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~50000
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1.730

~13000



Conclusions

GCN4 appears to bind to the same motif in ORFs
and intergenic regions

Distribution and strength of GCN4 motif is same in
ORFs as in intergenic regions

Despite this, GCN4 binds more strongly, and more
often, in intergenic regions than in ORFs

Possible future directions:

o Further characterize ORF binding locations e.g. by
distance from intergenic region

o Try to correlate binding strength with eg chromatin
structure, mediator protein binding sites, chromosome
remodeling complex binding sites etc



[Thanksto

Tim Danford
Alex Rolfe
Kenzie Maclsaac
Robin Dowell

Prof. Gifford



[Questions ?



extra

n Gcn4, a basic leucine zipper protein, is the primary regulator of the transcriptional response to amino
acid starvation (Hinnebusch and Fink, 1983). It is regulated at multiple levels, all of which alter the
amount of Gen4 present within the cell. Gen4 is regulated at the level of protein stability, with its half-life
ranging from approximately 2 minutes under growth in rich medium to 10 minutes under amino acid
starvation conditions (Shemer et al., 2002). This degradation is mediated by the ubiquitin-conjugating
enzymes Rad6 and Cdc34 (Kornitzer et al., 1994), and requires phosphorylation by the nuclear cyclin-
dependent kinases Pho85 (Vieimoun et al., 2000) or Srb10 (Chi et al., 2001).

Gcnd4 is also regulated at the level of translation. Modulation of the activity of translation initiation
machinery leads to an increase in the synthesis of Gen4 protein under conditions of amino acid
starvation. Under non-starvation conditions, ribosomal complexes are diverted to ORFs upstream of the
Gcn4 coding region (Hinnebusch, 1984; Hinnebusch, 1997; Hinnebusch et al., 1988; Mueller and
Hinnebusch, 1986; Thireos et al., 1984).

Finally, there is evidence that Gen4 is also regulated transcriptionally. In strains carrying mutations that
abolish translational regulation, there is nonetheless an increase in the levels both of Gen4 protein and
MRNA levels following induction of the amino acid starvation response (Albrecht et al., 1998).

Interestingly, the binding site for Gen4, TGASTCA, is also recognized by the unrelated transcriptional
regulator Bas1 (Springer et al., 1996). It is thought that this overlapping specificity serves as a
mechanism for cross-regulation of adenine biosynthesis by both regulators.
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