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Outline of tasks

What you will be doing during the next 2 hours

@®  Analyze rbcS promoters for transcription factor binding sites (TFBS)
(Matinspector from GEMS package)

@® Analyze rbcS promoters for TFBS frameworks
(FrameWorker from GEMS package)

@® Modify and optimize rbcS promoter models for TFBS frameworks
(FastM from GEMS package)

@® Database search with frameworks
(Modelinspector from GEMS package)

@® Determine and define new TFBS matrix from multiple alignment
(DiAlign and MatDefine from GEMS package)

@®  Experimental design: specifically deleting a TFBS
(SequenceShaper from GEMS package)
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What you will be doing next

@®  Analyze rbcS promoters for transcription factor binding sites (TFBS)
(Matinspector from GEMS package)
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Genomat Plant promoter modeling

Training dataset: five orthologous rbcS promoter sequences

) Comparative promoter analysis

Sequence —
Mo. Sl Sequence Description Length
Arabidopsis thaliana ats1a gene for ribulose 1.5-biphoshate
L U carboxylase small subunit (EC 4.1.1.39), 701 bp
5 S OYRUBPA Sovbean ribulose 1,5-hisphosphate carboxylase small subunit (SRS4) 501 bp

gene, complete cds,

2 TOBRECSSE M.plumbaginifolia ribulose bisphosphate carboxylase (rbeS-8B) gene,

complete cds, 502 bp
| 4|NTF={LJE-55 |T|:|ba|::|::|:| gene for ribulose 1,5-bisphosphate carboxylase small subunit, |?Dl bp
s |pEARPC Pea (P.sativum) small subunit ribulose bisphosphate carboxylase (rbes- 412 bp

34) gene, promoter region.
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Genom Search for common TF sites

GEMS Launcher Task: Search for common TF sites in multiple sequences,
working on rbcS_promoters.embl (5 seq.)
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G enom at }

What you will be doing next
@

@® Analyze rbcS promoters for TFBS frameworks
(FrameWorker from GEMS package)
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Genomatix/ Definition of common framework

GEMS Launcher Task: FrameWorker: Definition of common framework

FrameWorker Parameters:

Minimum no. of sequences with framework: 5 sequences (100% of 5)
Distance between elements: 10 - 50
Result: 1 framework with 2 elements was found:

ATRBCSA _!- '

701 bp

Show model matches at position
407 - 457 413 - 457

— - ]

501 bp

Show model matches at position
+ 268 - 310 273 - 310

— = ]
502 bp
e - J
701 bp
- P |
412 bp
Align | 100 bp . Distance to Fwy-
e Element|Strand | Matrix sim. Commeon to —
next element Scores
-
F PSIBOX + phmize 16 - 29 bp S sequences
{min. 0.95] (100 %) 071/
Optimized 7 matches, 5 1.00
’;p ABRE o (rin. 0.73) - non-overlapping
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What you will be doing next
@

@® Modify and optimize rbcS promoter models for TFBS frameworks
(FastM from GEMS package)
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Genomati Modification of rbcS Modeil1

GEMS Launcher Task: Modification of user-defined models

& Manual modification of rbcS Model1 based on matches to the
five rbcS promoter training sequences (optional)

Your model “rbcsS_Modell™:

Matriz P$IBOX Matriz P$SABRE

| wame | strand ] Quality

Farmnily: core sim. = 0,75

Change element | | PEIB O + Optimized matriz sim,
Change distance range 1

Farmnily: core sim. = 0,75

Change element 2 | PE£EBRE + Optimized matriz sim,
rbcS Model1
I 14 to 25 bp I
P$IBOX P$ABRE

(+) (+)
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G enom at }

What you will be doing next
@

@® Database search with frameworks
(Modelinspector from GEMS package)
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Evaluation of rbcS Model1

GEMS Launcher Task: ModelInspector: Search for user-defined models,
working on Buchers EPD (Eukaryotic Promoter Database, Rel. 78)

I rbcS Model1 I .

ModelInspector Result: A total of 37 matches was found.
Sequences searched: 4810 (2,886,000 bp).

Model . Model |Select
Sequence | Nem Position |Strand STorel ‘Match
C Y 9 out of 37 EPD matches ==
GM_RBS4 [EP16010] (1 - 600) rbes Mode|1|2?2 309 (+) |935%| [
[DNA] Gm RuBPCss SRS4; range -499 to 100. e

were plant promoters:

PS_RBS3 [EP16012] (1 - 600)
[DNA] Ps RUBPCss 3A; range -499 to 100.

rbcs Modell !259 -

I\J

PS_RBS2_B [EP16013](1 - 600)
[DNA] Ps RuBPCss 3C; range -499 to 100.

rbcs MDdeIl!SDD - 335

2 8 rbcS genes (RuBPCss)

PH_RBS1 [EF14009] (1 - 600}
[DNA] Ph RuBPCss 8/301; range -499 to 100.

rbcs Modell !250 -

._.

PH_RBSG [EF23012] (1 - 500}
[DNA] Ph RuBPCss 611; range -499 to 100.

NT_RBS [EF16009] {1 - 600)
[DMNA] Nt RUBPCss Wtss23; range -499 to 100.

NT_RBSS8 [EP22007] (1 - 600)
[DMNA] Nt RUBPCss 3-8; range -499 to 100.

NP_RBSE [EF24004] (1 - 500}
[DNA] Np RuBPCss 8B; range -499 to 100.

AM_CHSY [EP11005] (1 - 5007
[DNA] Am chalcone synthase; range -499 to 100.

rbcs Modell !281 -

I'.nJ

D 1 chalcone synthase
(also known to be
light regulated)

rbcs Modell !24? -

‘-~J

rbcs Modell !240 -

I'.nJ

rbcs |"-"|Dd8|1!243 - 286

-
-
-
-
-
-
-
-

| rbes Modell !341 -

Model1 is selective for rbcS and other light regulated genes
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(TN 00 -1t Database search using rbcS Model1

GEMS Launcher Task: ModelInspector: Search for user-defined models,
working on Plants (GenBank Release 141, a total of 1.14 Billion bp)

rbcS Model1

A) Result: a total of 9440_matches was found.
- A two elements model usually also has spurious matches,
outside of the right promoter context.

enBank

lants

B) => Matches filtered for: promoters => A total of 121 _matches was found.

D 34 matches had a single gene annotation in the description line. For these,
a software supported screen for keywords within PubMed was performed:

Further Evaluation of Matches

(“gene name") aND [("light")
(where "gene name" is automatically extracted from the description lines)
Note: This works only for annotated genomic DMA sequences from eukaryotes!

Search PubMed for

) 11 were annotated as rbcS

Extract gene names |

D At least 5 matches are genes also supposed to be light regulated:

phenylalanine ammonia-lyase
chalcone synthase
sucrose-phosphate synthase
nitrate reductase
phosphoglycerate kinase

Model1 is selective for rbcS and other light regulated genes
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Genomat . Plant module library

GEMS Launcher Task: ModelInspector: Search for promoter modules,
working on rbcS_promoters.embl (5 seq.)

Y Library: Module Library Version 3.5, Plant Modules (January 2004)
] ~110 plant matrices 0 ~30 plant modules

Sequence '\P]grdneel Position |Strand ggId:; %‘;I&Cht
ATF[?I\(J:AS]AA[Ealhaiﬁd1|J|11]5i(51t_hzlui;)na ats1A gene for ribulose 1.5-biphoshate carboxylase small subunit (EC 4.1.1.39). IBOX BZIP 01 |413-456| (+) [99.2% [T
Sc}‘g)ﬁﬂ?%ﬁgﬁgéigsqg-hisphnsphate carboxylase small subunit (SRS4) gene, complete cds. IBOx BZIP 01 268 -309| (+) |98.2% | [
TO[?JI}\JBAC]SI\?.?JIL%%f(ulli_aSr?Ealuse bisphosphate carboxylase (rbc5-8B) gene, complete cds. IBOX BZIP 01 |245-287| (+] (983 % [0
NT&)UNBAS]STEJ%ééﬁéf?uurll?ihuluse 1,5-bisphosphate carboxylase small subunit. IBOX BZIP 01 385 -424| (+) [98.3% | [
PEFgﬁf][%gétli;uﬁ?small subunit ribulose bisphosphate carboxylase (rbcs-3A) gene, promoter region. GTBX GTBA 01|260-303| (+) [84.5% | IO

Reference Baum et al., Plant 1. 12, 463-469, 1997 (MEDLIME: 2301095); Martinez-
Hernandez et al,, Plant Physiol, 128, 1223-1233, 2002 (MEDLIME: 11950971}

Origin
Gene Tomato ribulose-1,5-hisphosphate carboxylase, small subunit (RBCSZ2);
Tobacco ribulose bisphosphate carbosylase (rbcS-286).
| Function |The rinimal light-responsive unit of the rbesS promoter consists of an I-box and a G-box element.

Model IBOX_BZIP_01: P$IBOX, P$BZIP, Distance: 19-27 bp

&
& Model rbcS Model1 : P$IBOX, PSABRE, Distance: 14-25 bp

Model IBOX_ BZIP_01 from Genomatix library is very similar to the in silico generated rbcS Model1
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What you will be doing next

Determine and define new TFBS matrix from multiple alignment
(DiAlign and MatDefine from GEMS package)
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Genomatii/ Sequence alignment

GEMS Launcher Task: DiAlign: Local multiple alignment

ATRBCSA 378 AG--CACCAC TCCACCATCA CACAATTTCA C-TCatagat --—-------- 415  —-—-——- AACGA TAAGATTcat gGAATTATCT TCCACGTGGC ATTATTCCAG
SOYRUBPA 234 t-——---- CC ACCACCATCA CACATTTTac gtTCTTCCA- —-——--—-——---— 266 —-AGGAAGAGA TAAGATAAt- -GAAGCCTCC TPCCACGTGTC ACT-TCCACA
TOBRBCS8B 195 AA--TAACCA ACCTCAATCA TACATTCATA T-CCTCTTCC TAcCCCCATC 242 TAGGATGAGA TAAGATTACT GAGGTGCT-T TACACGTGGC ACC-TCCATT
NTRUBSS 334 ARAatTAACCA ACCTCAATCA CACATTCATA T-CCTCTTCC TA-CCCCATC 382 TAGGATGAGA TAAGATTACT agg----TCT TACACGTGGC ACC-TCCATT
PEARPC 142 ——=—————- A ACCACCATCA CACATTTACA C-TCTTCAC- -—-——————--— 171 -ATGAAAAGA TARAGATCAGT GAGGTAAT-A TPCCACATGGC ACTGTCCTAT
kk Kk kkkk Akkkkhkhkhkkk kkkkkFhhkkk Kk kkkkhkkkk Kkk KAk kkokok Kok kkkkhkhkhk hkhkkhhhhkh Hhhkkkkhkhhkhkh Hkkkrkrfhkhkh H*kkkkhhkkk

kk Kk kkkk kkkkkAAkhkk KkkkAkhkhkkk Kk kkkkkkkk Kkk KAk kkokok Kok kkkkhkhkhk Khhkkkhhhhhkhk *hkkkkhhh * hkkkkhhkhkhk H*kk Xrkkkkk

Kok kkkk kkkkkkkhkkk khkkkkkkkkkx * Khkkkkkkx *k *kkkkxx Kok ok kR Ak kkk  Kkokk kKK kk kK Kk kkkkkkkkkKk kkk Kk kkokok

Kok kkkk kkkkkkkkkk Xhkkkkkkkkk * kkkkkkkk x% Kok ok kKA KK Khokkkkk kK k% K, kkkKAA Ak kkKk kkk Kk kkKkk

Kk ok kAR A KK KkkKk kAKX AKKKkKk Kk KX XKk kK Kk ok kKX KKK Kok ok ok kK k*x Kk kkkAX KK KKkKk Kk Kk k KKk

KAk KKKk AKKKx KAKKK KKK * % KkKhkKk KKK KKK KhkKk KKK KK KK KK
KhkKkKKKKKK KAKKKK
KhKkKAKKKK KAKKKK

rbcS Model1

Element 1 P$IBOX P$ABRE

ATRBCSA 607 CACTCCARag cttgttctca ttgttgTTAT CATTATATAT AGAtgaccaa
SOYRUBPA 446 TAGTACTACA CAAATCACAC t-------—- -ATTATATAT AGT--—-—----
TOBRBCS8B 447 GCGAAATATG TAAAACC--- ————--- TTAT CATTATATAT AGAGTGGTGG
NTRUBSS 583 AGGAAATATG TAAAACC--- —-————-— TTAT CATTATATAT AGgGTGGTGG
PEARPC 357 TGGAAATAGA TAAATAAAAa ——————-—-——-— CATTATATAT AGC-——----
KAkKKKKKKKAK* KAKAAKAKAKKK * kKK *l -!“!“!“!“!‘ l ll********
KAEKAFE KA AR A KAk KAAEAAEEAE KAk Four conserved elements:
KKhkKkKkKkKhKk KAk rxkxk KKhkKkKk KAkKKAKKAKKKK KKK
Kk kkkkk ok  kkkkkkk KhkhkKk hkhkkkkkkhkhkkk kkk
Kkhkkk hkkhkkkkkkhkhkhkk kK
Nrkk KRk A RAEE A - Element 1 (unknown)

iereers en - IBOX (GATAA), -> light regulation
rxreien o - ABRE, abscisic acid response. Contains
G-Box core (CACGTG), -> light regulation

- TATA-Box

TATA-Box
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Genomat_ !

Definition of weight matrix

GEMS Launcher Task: MatDefine: Definition of weight matrices

] User defined weight matrix for rbcS Element1

ATRBCSA CCACCATCA CACAAT
SOYRUBPA |CCACCATCA CACATT
TOBRBCS8B | CCTCAATCA TACATT
NTRUBSS CCTCAATCA CACATT
PEARPC CCACCATCA CACATT

Kk kkokkkkk  kkkkkk
Khkkkhkhkhkhkk Kkhkkkkk
Khkkkhkhkhkhkk Khkkkkk
Khkkkhkhkhkhkhkk Khkkkkk
KkKkkhkhkhkhkkk Kkhkkkkk
KhkKkkhkhkhkrkk Khkkkk
KkKkkhkhkhkkk Khkkkkk
khkkkkkhkkk Kk kkkkk*k

Element 1

100.0

75.0

20.0

25.0

IpPAZ: ¢ cow cm & T C A caca t t

User defined Matrix: U$rbcS_Element1
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Genomatik/ Enhancement of the rbcS model

GEMS Launcher Task: Modification of user-defined models

QD Enhance the rbcS model based on matches to the
five rbcS promoter training sequences:

rbcS Model2
15 to 50 bp I 14 to 25 bp I 100 to 250 bp I
US$rbcS_Element1 P$IBOX P$ABRE P$TBPF
(+) (+) (+) (+)
®  Database search: rbcS Model2  IEEE) JEank
ants
] - 26 matches were found in GenBank plants section (1.14 Billion bp):

- 22 rbcS genes from different plant species
- 4 unannotated BAC clones

rbcS Model2 is specific for rbcS gene promoters
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(=100 -1t Phylogeny of rbcS Model 2 matches

Phylogeny Monocots

Arabidopsis thaliana (thale cress)

Brassicaceae ]
Brassica napus (rape)

Angiosperms Pisum sativum (pea)

Glycine max (soybean)
Trifolium repens (white clover)
Phaseolus vulgaris (kidney bean)

Fabaceae

Dicots
Nicotiana tabacum (tobacco)

Nicotinia plumbaginifolia
Solanaceae Solanum tuberosum (potato)
Lycopersicon esculentum (tomato)

Petunia hybrida (garden petunia)

7 new species were found
by rbcS Model2 (yellow) Chenopodiaceae Spinacia oleracea (spinach)
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What you will be doing next
@

@®  Experimental design: specifically deleting a TFBS
(SequenceShaper from GEMS package)
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Genomat Experimental design

Pitfalls in mutational analyses

ATRBCSA CCACCATCA CACAAT
SOYRUBPA |CCACCATCA CACATT
TOBRBCS8B | CCTCAATCA TACATT

D Is there experimental evidence for NTRUBSS | CCTCAATCA CACATT

PEARPC CCACCATCA CACATT

the functionality of unknown Element1 ?

o Reporter assay (wet lab)

Element 1

D These unintended side effects can happen without experimental design:

Arabidopsis: atrecsa  accaccactccaCCACCATCACACAAT 1TCACTCATAGAT

Deletion: Mutation:

accaccactccACCACCATCACACAAT rrcaCTCATAGAT CCACCATCACACAAT
AGCACCAQTCCATCACTCATAGAT CCACCgaCACACAAT
Generates TF binding site: Generates TF binding site:
GCM4, conserved in cereal ABS insensitive protein 4
PEPGON/GCNG. 01 seed storage protein gene PECEIF/ART4.01 |(ARI4) (ALARI4 - Arabidopsis,
: promoters, similar to yeast ZMa&BI4 - maize, 0sABRI4 - rice)
GCMN4 and vertebrate AP-1
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Genomatikx/ Experimental design

GEMS Launcher Task: SequenceShaper: Design of regulatory sequences,
working on rbcS_At_Elementl_context.fasta (40 bp)

2 Experimental design: Specific generation/deletion of TF binding sites
without changing the sequence context.

Matrix libraries: plants.lib, user_defined.lib

. . Further 'Position Core Matrix
’7‘ Family fmatrix ‘ Information Opt. from - to cim. im. Sequence
Blugrbcs Ellfrbes Elementd [rbeS Element 1 [0.71] 13-27 [(+)| 1.000 | 0967 |ccaccATCAcacaat
Generate Site Delete Sites | Max. number of mutations per site| 2 ¥

¥ don't delete any other site
¥ don't generate additional site

ATRBCSA rccaccactccaCCACCATCACACAAT rrcACTCATAGAT

| Suggested Mutations
| original Sequence | agecaccactcca ccaccatcacacaat ttcactcatagat

| T (A18CY({T19A) |agcacca|:tc:ca ccacccacacacaat ttocactcatagat

| T {(A18C)({T19G) |agu:au:u:au:tc:u:a craccoocacacaat thcactcatagat

| [T (A18TY(T19G) |ag|:a|:|:a|:tc:|:a ccaccbgcacacaat thcactcatagat

| T (A18T)(C20A) | agcaccacteca ccaccttaacacaat ttocactcatagat

In silico sequence design is a prerequisite for wet lab mutational analyses
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