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Initiation

Promoter: the DNA sequence that initially binds the RNA 
polymerase 

The structure of promoter-polymerase complex 
undergoes structural changes to proceed transcription 

DNA at the transcription site unwinds and a “bubble” 
forms

Direction of RNA synthesis occurs in a 5’-3’ direction (3’-
end growing)

Eukaryotic Transcription
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Elongation
 Once the RNA polymerase has synthesized a 

short stretch of RNA (~ 10 nt), transcription 
shifts into the elongation phase.

 This transition requires further 
conformational change in polymerase that 
leads it to grip the template more firmly.

 Functions: synthesis RNA, unwinds the DNA 
in front, re-anneals it behind, dissociates the 
growing RNA chain  

Eukaryotic Transcription
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Termination
After the polymerase transcribes the 

length of the gene, it will stop and release 
the RNA transcript.

In some cells, termination occurs at the 
specific and well-defined DNA sequences 
called terminators. Some cells lack such 
termination sequences.

Eukaryotic Transcription



Control of Transcription initiation in 
Eukaryotes

Three types of RNA polymerases in eukaryotes

• RNA pol I – transcribes ribosomal RNA genes

• RNA pol II – transcribes all protein-coding genes 

(mRNAs) and micro-RNAs

• RNA pol III – transcribes transfer RNA genes and some 

small regulatory RNAs

Transcription initiation needs promoter 

and upstream regulatory regions. 
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TFIIB recognition element (BRE)
The TATA element/box
Initiator (Inr)
The downstream promoter element (DPE)

Pol II core promoter

Eukaryotic Transcription



Transcription factor II B



TATA-binding protein (TBP)
TBP is involved in DNA 

melting (double strand 
separation) by bending 
the DNA by 80° (the AT-
rich sequence to which it 
binds facilitates easy 
melting)
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The sequence elements other than the core promoter that are 
required to regulate the transcription efficiency

Those increasing transcription:
Promoter proximal elements
Upstream activator sequences (UASs)
Enhancers

Those repressing elements: silencers, boundary elements, 
insulators

Regulatory sequences

Eukaryotic Transcription
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1. TBP in TFIID binds to the 
TATA box

2. TFIIA and TFIIB are 
recruited with TFIIB 
binding to the BRE

3. RNA Pol II-TFIIF complex is 
then recruited

4. TFIIE and TFIIH then bind 
upstream of Pol II to form 
the pre-initiation complex 

5. Promoter melting using 
energy from ATP hydrolysis 
by TFIIH

6. Promoter escapes after the 
phosphorylation of the CTD 
tail

January 2015 Eukaryotic Transcription
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in vivo, transcription initiation 
requires additional proteins

The mediator complex
Transcriptional regulatory proteins
Nucleosome-modifying enzymes

To counter the real situation that the DNA template in 
vivo involves chromatin
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Assembly of the pre-initiation complex in presence of 
mediator, nucleosome modifiers and remodelers, and 
transcriptional activators

Eukaryotic Transcription
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Mediator consists of many subunits, 
some conserved from yeast to 
human

More than 20 subunits
7 subunits show significant sequence homology 

between yeast and human
Only subunit Srb4 is essential for transcription of 

essentially all Pol II genes in vivo
Organized in modules
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Transition from the initiation to elongation 
involves the Pol II enzyme shedding most of 
its initiation factors (GTF and mediators) 
and recruiting other factors: 

(1) Elongation factors: factors that stimulate 
elongation, such as TFIIS and hSPT5.

(2) RNA processing factors 

Recruited to the C-terminal tail of the CTD of 
RNAP II to phosphorylate the tail for 
elongation stimulation, proofreading, and 
RNA processing like splicing and 
polyadenylation.

January 2015 Eukaryotic Transcription
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RNA processing enzymes are recruited by the tail of 
polymerase

Eukaryotic Transcription



cis-Regulatory Elements (CREs) 
regions of non-coding DNA which regulate the 

transcription of nearby genes

typically regulate gene transcription by functioning as 
binding sites for TF

Types of CREs: enhancers, promoters, silencer…
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 Cis-acting regulatory elements
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TATA box 
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 RNA-pol does not bind the promoter directly

 RNA-pol II associates with six transcription 

factors, TFII A - TFII H. 

 trans-acting factors  - proteins that recognize 

and bind directly or indirectly to cis-acting 

elements and regulate its activity.

Transcription factors 
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cis-acting factors: promoters and 
enhancers

Promoters – usually directly adjacent to the gene

• Include transcription initiation site

• Often have TATA box: 

• Allow basal level of transcription 

Enhancers – can be far away from gene

• Augment or repress the basal level of transcription
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trans-acting factors interact with cis-acting 

elements to control transcription initiation
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Direct effects of 
transcription factors: 

• Through binding to 
DNA

Indirect effect of 
transcription factors:

• Through protein-
protein interactions  

Eukaryotic Transcription



 
Pre-initiation complex (PIC)

TBP TAF

TF II H
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Binding of activators to enhancers 
increases transcriptional levels

Low level transcription occurs 

when only basal factors are 

bound to promoter
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When basal factors and 

activators are bound to DNA, 

rate of transcription increases

Eukaryotic Transcription



Repressor proteins suppress 
transcription initiation through 
different mechanisms
Some repressors have no effect on basal transcription 

but suppress the action of activators

• Compete with activator for the same enhancer 

OR

• Block access of activator to an enhancer 

Some repressors eliminate virtually all basal 

transcription from a promoter

• Block RNA pol II access to promoter

OR

• Bind to sequences close to promoter or distant from 

promoter 
25Eukaryotic Transcription



Repressor proteins that act through 
competition with an activator protein

Repressor binds to the same enhancer sequence as 

the activator

• Has no effect on the basal transcription level

26
Eukaryotic Transcription



TSS and DNA features

Tatarinova et al, 2003 Bioinformatics
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Promoter Databases and sites for 
analysis, prediction and search
http://genetools.us/genomics/Promoter%20databa

ses%20and%20prediction%20tools.htm

http://genetools.us/genomics/Promoter%20databases%20and%20prediction%20tools.htm
http://genetools.us/genomics/Promoter%20databases%20and%20prediction%20tools.htm


Проблемы с 
моделированием



Шумные эксперименты

Специфичность промотеров в клетках

Альтернативные промотеры 

Устаревший код и догмы

Почему это сложно?



As a result of genome annotation

Targeted efforts

Promoter prediction



Nucleotide consensus at TSS
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2 sets gene predictions
55K loci, 49K of them non-TE

Solovyev (FGENESH) MSU rice
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TRANSFAC binding sites
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CG skew at TSS
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Using experimental evidences of TSS, predict location 
of promoter

Goal

TSS

ATG

Upstream region is defined as 
Min(3000, distance  to the nearest gene)



Get 3000 nucleotides upstream from ATG from TAIR 
(27K sequences)

Truncate sequences based on the position of the 
nearest upstream locus. 

290K EST sequences were obtained from NCBI and 
TAIR and mapped onto the upstream sequences using 
BLAST+ (minimum identity percent: 95%, maximum 
query start of alignment: 5, only plus strand 
alignments were used). Using the text search we 
removed ESTs annotated as  or partial. 

Procedure



Procedure
Using Nonparametric 

Maximum Likelihood 
method estimate 
distribution of 5’ ends of 
EST on the genome

Find the number of 
modes

Classify TSS into primary 
(highest) and 
alternatives 















First, we used simulated data. We generated six 

datasets, varying the total number of ESTs per locus 

from N=20 to N=640. Two alternative transcription start 

sites were placed at  100 and 500 nucleotides upstream 

from the start of translation.  60% of ESTs corresponded 

to the  “100 nt” TSS and  40% to the “500  nt” TSS. 

Validation



We applied NPEST to Arabidopsis thaliana. Using 
NPEST, we predicted TSS for 16,520 loci in 
Arabidopsis.

Two aspects for assessment: 
presence of characteristic motifs at TSS (e.g. TATA-box 

at -30 and  CA di-nucleotide at TSS)
Agreement between NPEST and previously published 

results, such as TAIR, PlantProm DB, PlantPromoter
 Database, and Pol II occupancy data. Use the “main” 
TSS for comparison.

Next, biological validation

http://linux1.softberry.com/berry.phtml?topic=plantprom&group=data&subgroup=plantprom
http://linux1.softberry.com/berry.phtml?topic=plantprom&group=data&subgroup=plantprom
http://ppdb.agr.gifu-u.ac.jp/ppdb/cgi-bin/index.cgi
http://ppdb.agr.gifu-u.ac.jp/ppdb/cgi-bin/index.cgi


Annotation 

method

TATA TATA+TAAA TATA+TAAA+CTA

T 
TAIR 0.30 0.52 0.55  

NPEST 0.44 0.59 0.61  

Comparison with TAIR

71% of loci were predicted within 50 nucleotides of each 
other and 45% within 10 nucleotides of each other. 



Example AT1G72610

According to TAIR, the 5’ 
UTR is 116 nucleotides 
long; according to 
NPEST, there are two 
peaks. The major peak is 
55 nucleotides (as 
supported by 64% of the 
ESTs mapped to this 
locus) and the minor 
peak 116 nucleotides 
upstream from ATG



For the TSS at 55 nt, the sequence has a very strong 
canonical TATA-box (“CTATATAAA”) at -37 nt upstream 
from the TSS:  

tcccacacctctCTATATAAAcacccgagaccgagaggagtgagaagagt

agggaaaaag 

For the TSS at 116 nt, the sequence is equipped with the 
TATA-like motif “CTAAAA” at position -33:  

gacgtccataatggtttCTAAAAgcttatctccgtctttcgaatgttcaccaca

cagttt 

Note, that there are 3 versions of the TATA-box (“TATA”, 
“CTAT” and “TAAA”) in the first case

Example AT1G72610

http://mendel.fat.glam.ac.uk/projects/nPEST/show_analysis.php?cat=AT1G72610


PlantPromDB is a small database containing 
promoters for 3503 genes

78% of PlantProm DB predictions agree with the main 
NPEST predictions within 50 nucleotides. 
Furthermore, 50% loci agree within 10 nucleotides

Same frequency of TATA box (35%)

NPEST and PlantProm DB



Promoters by PlantPromoterDB agree with NPEST 
according to the frequency of TATA-boxes (35%) at 
-30. The database contains promoters predicted by 
cap-trapper and massively parallel signature 
sequencing.

Another evidence: PolII occupancy data from 
Chodavarapu et al (2009). The dataset does not have 
the resolution to define TSS down to the nucleotide 
position, they can serve as indication of promoter 
region. 

PlantPromoterDB and PolII binding data



Using EST library annotation information, we have 
assigned each EST to one of the 40 categories based on 
the library (e.g. “Shoots”, “Roots”, “Drought” etc.). A 
separate category was reserved for ESTs without library 
information. There are 7,549 loci that have one 
category of EST assigned to them and 5,281 with two 
categories. On average, one-category loci have 1.43 
alternative TSSs and two-category loci have 2.43 TSSs.

Alternative TSSs



TATA-box is more prevalent in stress-related genes

Stress-related genes have more TATA-boxes than 
house-keeping ones.

Stress-related genes have more defined TSS, and 
house-keeping genes may have TSR

Possible bias  of the method
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Other species: oil palm
38% of promoters have a 

canonical TATA-box (“tata”) 
around between TSS-40, 
TSS-20, and 62% have 
different variations of thee 
TATA-box (i.e. “taaa”, “ctat”, 
etc). These frequencies are 
typical for high-quality TSS 
predictions and provide 
additional indication that 
the annotation is of high 
quality
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What do we want to do next?
Combine other evidences of TSS positions using Naïve 

Bayes approach

In addition to EST distributions with 
Pol II binding
DNA methylation
Nucleosome position
Distribution of UTR length 
Function of the gene
Known motifs in promoter









So, we got our ideal promoters, then what?

http://chcb.saban-chla.usc.edu/cisExpress/



Cluster/alignment based

Statistical overrepresentation 

Database driven

Functional

Types of motif finding algorithms



What is cisExpress

1. Motifs are position-specific
2. Influence of a motif w in 

position k onto gene 
expression e is given by:



Two principal stages

Stage 1: Detecting ‘seed’ motifs, using Z-score

Stage 2: Optimizing the previously obtained motifs 
using a genetic algorithm producing motif matrices. 
Similar motifs are merged.

How does cisExpress work?



cisExpress web interface flowchart



Parallelization

This is the original version, now we use OpenMPI



Screenshots



Benchmark

6-mers test



Benchmark



Make TSS prediction/motif finding pipeline

Add promoter/expression datasets for multiple species

Improve cisExpress by adding co-location of motifs and 
gene expression time-series

Take advantage of methylation information

Enhance functionality of the web-tool, such as motif 
scanning

Suggestions/collaborations and cool datasets are 
appreciated

Future directions
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