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ABSTRACT
Promoter elements prediction with bioinformatics means is very promising direction in molecular
biology. Such predictions allow to clarify the mechanisms of gene regulation and to increase the
success of the “wet” experiments.
The study was aimed to predict motifs for the 20 genes expressed in the thermosensory AFD neurons
of the C.elegans and ortholog species. As theoretical basis of investigation was accepted theory
about conservation of functionally important non-coding regions between ortholog genes. Some of
such conserved regions can serve as the putative promoter elements. For the investigation the set of
ortholog genes of the C.elegans, C.briggsae and C.remani was used. During the work suitable
bioinformatics programs and the set of promoter criteria were worked out.
Predicted promoters with the different level of conservation were compared to the each other and
with the known regulatory elements. Some of the promoter elements (CAGCTG, CAGGTG)
represent sequences are highly conserved from worms to the human others are similar to the known
worm motifs (skn-1). Genes with the similar putative elements were combined in the groups with the
possible common mechanisms of the gene regulation.
The investigation of the putative promoter elements requires the development of new programs,
methods and criteria of the evaluation. This would be appropriate strategy for the further motifs and
non-coding DNA studying.

ABBREVIATIONS
NR nuclear receptor
TF transcription factors
PE  putative promoter element
cRE cis-regulatory elements
Ce C.elegans
Cb C.briggsae
Cr C.remani.
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INTRODUCTION

1.1 Thermotaxis. Behavioral model and components of the theremotaxis neural circuit in
Caenorhabditis elegans.
Thermosensation is vitally important for worms surviving, because their metabolism, fertility
and development are crucially depended on temperature and restricted by 12°C - 26°C.
The mechanisms of the thermotaxis are not completely clear. According to the one theory,
worms can memorize cultivation temperature, strive to this favorable temperature and move
along isothermal track. Such isothermal behavior (isothermal tracking - IT) is rather flexible and
can be modified during several hours by the starvation or others worm experience (Mori, 1999).
From another point of view, cultivation temperature does not determine “favorable” worm
temperature, but influences on the threshold of the acceptable coldest and warmest temperature.
So, animals grown in the cold condition (15°C) “prefer” a temperature 2-4 °C cooler, than
worms cultivated at 20 ° C (Ohshima, 2003).

Cell components of the worm
thermosensory neural circuit are known
partly. Circuit consists of two AFD
thermosensory neurons and two pairs
of downstream interneurons AIY and
AIZ (fig 1.1). AFD sensory neurons
and their postsynaptic AIY interneuron
specify thermophilic movements and
response for isothermal behavior.
Elimination of the AFD and AIY
neurons leads to the cryophilic
phenotype and abolishes isothermal
tracking (Mori, 1995).
There is no information about cells
responsible for the cold temperature
perception. Cryophilic behavior is
driven by unknown sensory neurons and
AIZ interneuron. Killing AIZ causes a
thermophilic (heat-seeking) phenotype
but spares isothermal tracking

movements in 50% cases (Mori, 1995).

1.2 AFD neurons. Function and structure.
The cells of our interest are AFD sensory neurons is solitary known sensory cells participated in
the thermal perception. And worms with killed AFD cells are mostly athermotactic (non-
temperature-responsive).
The structure of the AFD neurons is completely different from the structure of the others amphid
sensor neurons (fig 1.2). The AFD thermosensory neurons have a rudimentary cilium accompanied
by a complex fingers or brush-like structure at their dendritic endings, which are inserted in the
shease cells of the amphid wall. The AFD dendrites are unique among sensory receptors and
possibly respond for the worm thermosensation. It is presumed, that these brush-like structures
might change their shape at different temperatures and act as a thermometer or as a temperature
detector. Possibly, thermosensation is initiated with the thermoreceptor proteins via temperature-

Figure 1.1 The thermosensory worm neural circuit.
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dependent conformational protein changes.

Structure of the amphid opening
Adopted from Percinset al. Dev. Biol.
(1986), 117: pg 459

Figure 1.2 AFD neurons in the worm amphid.

1.3 The genes expressed in the AFD neurons.
The investigations of behavioral defects in animals with the mutations in the AFD cells have
elucidated some genes are responsible for the thermoperception and neuron life-support.
According to the Wormbase information, AFD neurons have been directly associated with the
expression of the further genes:
 - homeobox genes (ttx-1, ceh-14, ceh-23),
 - unique genes expressed only in AFD neurons (gcy-8, nhr-38),
 - sensory genes  expressed in others sensory neurons and conditioned sensory function (tax-4,
osm-6, tax-2, zig-5, gps-1, F25B5.2)
 - nonspecific genes expressed in many tissues (egl-2, dbl-1, ncs-1, nlp-7, nlp-21, kin-29, tax-6,
ina-1, ptp-3).

1.3.1 Homeobox genes expressed in AFD neurons.
Crucial role in the development and function of AFD neurons belongs to the ttx-1 gene. This gene
encodes homeobox transcription factor from the highly conserved OTD/OTX family ( Satterlee et
al, 2001). The members of this family are implicated in the development of anterior brain and
sensory structures like visual one.
The ttx-1 protein plays crucial role in the AFD cell function and specification. Ttx-1 protein
responses for the development of the unique finger-like dendritic endings. The inappropriate
expression of ttx-1 in the neurons leads to their transformation into AFD-like cells with the
finger-like dendritic structures. The Thermotaxis-defective (ttx-1) mutants miss the unique
dendritic structures. As a consequence, the mutant worms are strongly cryophilic and severely
defective in isothermal tracking on a thermal gradient, similar to that of the animals in which
either AFD or AIY neurons have been killed (Mori, unpublished).
Besides, ttx-1 protein is a transcription factor. This protein regulates own expression and
expression of ceh-14, gcy-8, nhr-38, tax-2, tax-4 genes (Mori  et al, 2001). The ttx-1 mutants have
weak expression of these genes in the AFD neurons.
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Table 1.3.1 Homeobox genes expressed in AFD neurons.
Gene Description Correlation with the

thermosensation
Mutant phenotype

ttx-1 Homeodomain
transcription
factor

- development of AFD finger-
like dendritic endings.
- regulation of expression ceh-
14, nhr-38, tax-2, gcy-8
- autoregulation of own
expression.

- severe defects in the differentiation
of the AFD, with the long cilia without
finger-like endings.
- cryophilic behavior without
isothermal tracking on a thermal
gradient.

ceh-23 Homeodomain
transcription
factor EMX1

- regulation of the expression
of the orphan seven
transmembrane receptor sra-
11 with unknown function.

- mutants are viable and do not display
any anatomical and morphological
abnormalities of AFD neurons.
- normal thermotaxis.

ceh-14  LIM homeobox
transcription
factor

- final differentiation of AFD
neurons.
- has no any influense on the
tax-4 and gcy-8 expression.

- athermotactic animals with
morphologically normal AFD neurons.
- large fraction (67%) of the mutants is
lacking isothermal tracking.

Another homeobox gene expressed in the AFD is ceh-14. This gene encodes transcription factors
from the LIM family (Cassata et al, 2000). The members of this family are implicated in the
neuronal specifications, regulation of the neurotransmitter expression and axon guidance.
Ceh-14 protein is not involved in the AFD specification, but required for the final differentiation
and sufficient for thermosensation. The ceh-14 mutants are athermotactic. While, inappropriate
expression of ceh-14 in the chemosensory neurons leads to the recovering of thermotaxic
movements.
The genes regulated by ceh-14 are unknown. Possibly, it is should be genes encoded novel
“thermosensor”, trigger of signal cascade or factors, required for cell-cell interaction, such as
structural proteins, signaling factors at etc (Cassata et al, 2000).
Third known homeobox gene expressed in the AFD neuron is ceh-23. The role of the ceh-23 in the
AFD neurons is poor investigated. Ceh-23 mutants did not display any anatomical and
morphological abnormalities in the AFD neurons and mutants possess normal thermotaxis
(Andachi et al, 2001).
The information about the genes regulated by ceh-23 in the AFD cells is lacking. But this LIM
homeodomain protein is required for expression of the transmembrane receptor sra-1 in the AIY
interneuron.

1.3.2 The genes exclusively expressed in AFD neurons (gcy-8 and nhr-38).
Gcy-8 and nhr-38 are two known genes exclusively expressed in the AFD neurons (table 1.3.2).
They serve as markers for AFD neurons.
Gene gcy-8 encodes transmembrane guanylyl cyclase with intracellular cyclase catalytic domains.
Loss of gcy-8 activity (via RNAi) does not result any abnormalities in AFD neuron. But increasing
of temperature leads to the inactivation of the cyclase and may be serve as unknown mechanism
involved in the thermosensation (Sidney, 1997).
Nhr-38 belongs to the orphan nuclear hormone receptor family. Gene has well-conserved DNA-
binding domain, consisting of two zinc-binding modules. Nhr-38 expresses exclusively in the AFD
neurons at all stages of postembryonic development (Miyabayashi and Sengupta P, 1999). But role
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of the nhr-38 in the function and development of the AFD neurons is unknown.

Table 1.3.2 Genes exclusively expressed in the AFD neurons.
Gene Description Correlation with the thermosensation Mutant phenotype
gcy-8 Natriuretic peptide

receptor, guanylate cyclase
The increasing of temperature leads
to the inactivation of the cyclase. But
role in thermosensation is unknown.

Mutants have no any
abnormalities in the
AFD neurons.

nhr-38 C4-type Zn-finger ligand-
dependent nuclear receptor

- information was not found - information was
not found

1.3.3 The sensory genes expressed in the AFD and others sensory neurons (tax-4, tax-2, osm-
6, zig-5, gps-1, F25B5.2).
Tax-4 and tax-2 encode α and ß subunits of cGMP-gated cationic channel and play an essential
role in the thermosensation.  These channels regulate temperature-dependent calcium entry in
response to warming, i.e. transform temperature stimulus into the changes of membrane potential
(Coburn, Mori et al 1998).
Abilities of tax-4 mutant to the termosensation are under investigation. From one hand, tax-4
mutants are athermotactic (Coburn, 1998). From another hand, tax-4 animal retain ability to sense
temperature, but due to defects in the regulation of gene expression mutants cannot sense and
memorize cultivation temperature (Satterlee, 2004).
Tax-4 and tax-2 proteins are participated in the expression of the gcy-8 and nhr-38 (Satterlee,
2004). Tax-2 mutations lead to the weak expression of both nhr-38 and gcy-8. Influence of tax-4
mutation on the expression depends on cultivation temperature. Low cultivation temperature (15
°C) causes strongly reduced gcy – 8 expressions in the adult tax-4 mutants. Tax-4 mutants grown
in 25 °C have no such abnormalities.
So, tax-4 function is required during midlavral stage to maintain wild-type level of gcy – 8
expressions. Such temperature-depended expression of gcy-8 should be important for perception
and memorizing of cultivation temperature (Satterlee, 2004).

Table 1.3.3 The “sensory” genes expressed in the AFD.
 Gene Description Correlation with the

sensory function
Mutant phenotype

tax-4 - α-subunits of
cGMP-gated
Ca2+ channel

- regulation of the
temperature-dependent
calcium entry in
response to warming,
- temperature-
dependent regulation
of the gsy-8
expression.

- athermotactic or thermophilic with
shifting of the cold and warm limits to
warmer temperature.
- elongation of the AFD finger-like
sensory endings,
- inhibition of the tax-6 and gcy-8
expression.
- mutants can not sense and memorize
cultivation temperature

tax-2 - ß-subunits of
cGMP-gated
Ca2+ channel

- activation of gcy-8
and nhr-38 gene
expression.

-  weaker than in tax-4, morphological
defects.
- defects in the gsy-8, nhr-38
expression.
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osm-6 Sensory cilia
assembly protein

- chemosensory
adaptation

- avoid a warm temperature above
23°C
-morphological defects in
chemosensory cilia and greatly
shortened axons
- defects in chemosensory behaviors
(abnormal avoidance of high
osmolarity)

zig-5 membrane protein
with C2- immuno
globulin domains

- maintenance of the
correct axon position
of the VNC and PVT

- axon patterning defects in the ventral
nerve cord (VNC).

gpc-1 guanine binding
protein γ - subunit

- test adaptation - abolished test adaptation to the NaAc,
NaCl and NH4Cl.

F25B5.2 hypothetical
protein

- information was not
found

- information was not found

1.3.4 The nonspecific genes expressed in AFD neurons and in others tissues (egl-2, dbl-1,
ncs-1, nlp-7, nlp-21, kin-29, tax-6, ina-1, ptp-3).
From the set of the nonspecific genes only ncs-1 and tax-6 are directly participated in the
thermosensation (table 1.3.4).
The neuronal calcium sensor protein, encoded by the ncs-1 gene and calcium are essential for
isothermal behavior and memorization. The amount of ncs-1 quantitatively regulates both these
process: more ncs-1 causes faster learning and extended memory. While the knockout animals
show major defects in IT behavior and associative learning. (Gomez, 2001)
The gene tax-6 encodes calcium-activated protein with phosphatase activity. This protein inhibits
activity of the AFD neurons and mutations in tax-6 cause a behavioral phenotype consistent with
hyperactivation of AFD neurons.
Like nsc-1, tax-4 and tax-2, tax-6 is involved in the regulation of the calcium-dependent signaling
related with associative learning and memory. Tax-6 mutants have several behavioral defects
including defects in the associative learning, depended on the temperature and starvation.
The characteristics of the other unspecific genes (egl-2, dbl-1, nlp-7, nlp-21, kin-29, ina-1, ptp-3)
with unknown role in the thermosensation are listed in the table 1.3.4.

Table 1.3.4 The unspecific genes expressed in AFD neurons and in others tissues (egl-2, dbl-1,
ncs-1, nlp-7, nlp-21, kin-29, tax-6, ina-1, ptp-3).

Gene Description Function Mutant phenotype

egl-2 K+-channel. - regulation of cellular excitability.
- regulation of transcription.

Mutation blocks
excitation in neurons by
causing the channel to
open at inappropriately
negative voltages.

dbl-1 Transforming growth
factor beta,
(TGFbeta)

- growth factor activity
- controlling adult body size,
- patterning of the male tail
sensory rays

- abnormally small
body size

ncs-1 neuronal calcium
sensor protein

- essential for isothermal tracking. - defects in IT behavior
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sensor protein - involved in the associative
learning and memory

- absence of associative
learning

nlp-7 Neuropeptide-Like
Protein
(preneurotransmitters)

- play critical roles in synaptic
signaling and behavior (possibly
in the social 'clumping' behavior)

- information was not
found

nlp-21 Neuropeptide-Like
Protein

- precise role is unknown.
Possibly nlp-21 is participated in
development.

- information was not
found

kin-29 Serine/threonine
protein kinase

- participating in the cellular stress
response (reversible translocation
to the nucleus)
- regulation of the genes encoded
chemosensory receptors,
- affects body size.

- small body size and
increased life span

tax-6 calcium-activated
protein phosphatase,
ortholog of
calcineurin A

- adaptation of  sensory neurons
- positive regulations of calcium-
dependent signaling
- associative learning (temperature
and starvation)

- hyperactivation of the
AFD thermosensory
neurons (mutants are
thermophilic).
- defects in associative
learning.

ina-1 Vitronetcin surface
receptor, α-subunit.

- cell adhesion, signaling,
differentiation, proliferation and
cell migration
- epithelium and hermaphrodite
genital morphogenesis.
- guiding axons to their targets
- locomotors behavior

- L1 arrest phenotype
- misplaced neurons,
striking axon guidance
phenotype
- notched head
- defective cell
migrations.

ptp-3 Receptor-like protein
tyrosine phosphatase

- gastrulation and epidermal
development
- axon guidance and neural
development
- synaptogenesis

- defects in axon
guidance (ptp-3b
mutants)
- alterations in synapse
morphology (ptp-3a
mutants)

1.4 Regulation of gene expression. Definition.
Regulation of the gene expression is realized by the transcription factors (TF). TF binds to the
specific non-coding DNA sites (cis-regulatory elements (cRE)) and modulates gene activity.
Specific combination of the cRE determines binding of the definite TF in the definite order and
such way provides delicate regulation of the transcription.
According to the level of induced expression all cRE are divided into the three main groups:
       - promoter elements are involved in the initiation and basal level of transcription.

- enhancers are involved in the activation of gene expression.
- silencer are involved in the inhibition of gene expression.

An additional criteria for cRE definition is a distance between cRE and gene. As a rule promoter
elements are arranged closer to the gene, than enhancers and silencer.

So, cis-regulatory elements have some functional and distance features. But another situation is
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with the putative regulatory elements. To determine the type of the cRE using only distance
criteria are impossible. Function type of the cRE (promoter elements, enhancers or silencers) can
be determined only in the lab experiments. So, to avoid mistakes with the terminology, all
predicted regulatory elements without any hints to the function will be called putative promoter
elements (PEs).

MATERIALS AND METHODS
1.5 Identification of the C.elegans genes expressed in the AFD neurons and their orthologs in the
C.briggsae and C.remani species.

Information about C.elegans genes expressed in the AFD neurons and their orthologs in the
C.briggsae was retrieved from the Wormbase. The ortholog genes for C.remani were predicted
from the shotgun sequence assembly using the current set of programs (fig 1.5):

- TBLASTN retrieves C.remani contigs. Ce ortholog proteins were applied as input data.
- SoftBerry programs predict ortholog genes and their upstream neighbors from the Cr

contigs.
 FGENESH+ program predicts ortholog Cr gene using Ce protein as input data.
 FGENESH predicted all possible genes from the input contig. This program was used for
prediction of the neighbor genes.
 - GENESCAN was used for gene structure prediction as alternative option.

   - PSI-BLAST was used for evaluation of the level of similarities between predicted Cr protein
and their orthologs in Ce and Cb, as an additional confirmation of the quality of ortholog
prediction.

Retrieving of the definite Cr contig
TBLASTN

⇓
Prediction of the ortholog gene in the Cr contig.

FGENESH+
⇓

Evaluation of the similarities between ortholog
genes. PSI-BLAST

Figure 1.5 Prediction of the ortholog genes of Cr from the shotgun sequences.

1.6 Extraction of the upstream region.
Mostly, the promoter elements are disposed in the upstream regions.
The edges of the upstream regions were bordered with the end of upstream neighbor gene and the
point of translation initiation (ATG) of the gene of our interest. But extracted such way upstream
regions have shown very high range of the length variation: from 265 bp (osm-6 Ce) to the 38292
bp (ptp-3 Cb).  To order everything, additional rejection of the relevant regions with the
PPCmatrix was made. Three plots (Ce-Cb, Ce-Cr, Cb-Cr) for each gene were created with the
PPCmatrix and the regions with the best sequences matches (Table 1.6.1) were extracted.

Table 1.6.1 The lengths of the upstream regions before (uplen) and after PPCmatrix rejection
(PPC).
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gene uplen PPC gene uplen PPC gene uplen PPC
Ceh-14 3720 3720 >contig298.2 21839 312 CBG06635 13183 3239
CBG167182 3667 3667 nlp-7 3183 3183 >contig104.5 7861 3925
>contig225.1 12382 2927 CBG22806 3778 3778 tax-6 1406 1406
Ceh-23 7100 1082 >contig25.15 22395 2891 CBG08362 12038 1669
CBG 12238 11162 1874 nlp-21 3131 3131 >contig410.4 37997 1334
>contig491.1 2807 1808 CBG13292 4417 4417 gpc-1 7528 1211
Ttx-1(a) 11776 2522 >contig46.8 8979 2999 CBG00049 31683 949
CBG12936 13051 3112 zig-5 7100 2508 >contig76.9 4249 842
>contig241.2 10003 2006 CBG18271 7295 3135 Tax-2 643 698
gcy-8 878 267 >contig201.3 22403 2517 CBG12422 698 698
CBG17711 508 336 kin-29 1307 597 >contig1.33 26582 1268
>contig1001.1 16514 302 CBG02036 1085 706 F25B5.2 1090 1090
nhr-38 1599 1051 >contig10.15 10338 522 CBG09033 935 935
CBG22596 12415 1537 dbl-1 9519 6766 >contig131.13 8451 1123
>contig 2882.2 139 139 CBG19011 9721 5917 Ina-1 8811 6088
tax-4 8746 2053 >contig8.1 5459 5459 CBG06805 21336 6935
CBG06949 4176 1836 ncs-1 5753 2775 >contig28.3.4 11550 5746
>contig28.4 10887 2408 CBG08082 3853 2261 Ptp-3 18660 5981
osm-6 265 265 >contig431.1 2254 2254 CBG02994 38292 5475
CBG23329 335 335 egl-2 16123 6526 >contig35.8 11002 5263

Identified upstream genes were also analyzed. Synteny in the locus’s contained ortholog genes
were detected in the plenty cases (table 1.6.2). But conservation of the upstream non-coding
regions within syntenyc locuses is doubtful.

Table 1.6.2 Identification of the synteny in the locuses contained genes expressed in the AFD and
upstream genes. (+  synteny, - no synteny, ?- unknown upstream gene in the Cr shotguns
sequences).

1.7 Creation of database.
All retrieved data was stored in the database created with FileMakerPro software.
The three different layouts were constructed in the database: one is for comprehensive
description of the every gene (Figure 1.7), second one contains grouped upstream sequences
in the FASTA format and third one represents data as table with the list of rejected upstream
regions.

The creation of the first layout was the hardest with the manual retrieving of the genes, intrones,
upstream regions and proteins from Wormbase and from the shotgun sequence assembly for Cr

GENE Ce Cb Cr
gcy-8, osm-6, nlp-7, nlp-21, zig—5, tax-2, F25B5.2 + + +

ceh-23, egl-2, ncs-1, dbl-1 + + ?

ceh-14, ttx-1 + + −

kin-29 + − +

tax-4, tax-6, nhr-38, gpc-1, ina-1, ptp-3 − − −
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genes. On the whole, layout contains 75 windows with mention of gene name, function, genomic
position, direction, lengths etc. First layout was filled for all 60 genes. The second and third
layouts are based on the first one.

 Figure 1.7 Example of the layout of the created database.

1.8 Identification and evaluation of promoter elements. Programs and criteria.
The assay of the promoter elements has some difficulties:

1)  The reliable programs for PE prediction and evaluation were absent. As a rule proposed on-
lines programs are not able to analyze large quantity of the sequences at once or do it slowly
So, for the PE analysis were checked different programs. And as a result MEME was chosen.
(Table 1.8).

Table 1.8 Advantages and drawbacks of the MEME.
Advantages of the MEME Drawbacks of the MEME
- opportunity to analyze a lot of sequences at once;

- graphic performance;

- multitude parameters with capability to their variation
and combination (length of the PE, frequency of the
occurrence, palindrome searching, both strands analysis
etc.).

- volume of the input information
is restricted

- omission of the possible PEs

- getting results only via e–mail
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2) The criteria for the PE evaluation were not identified. Some common criteria were
systemized during investigation (suitable program are shown in the brackets):

-  conservation of the non-coding regions between ortholog genes (ACEalign, Dialign,
Consensus, MEME, ConSite software).

-- conservation of the non-coding DNA regions between genes from the same "functional"
groups: homeobox genes, unique genes, sensory genes, unspecific genes. (Consensus, MEME).

- "synteny" between conserved regions. “Synteny” should be depended on the chemical, biding
properties of the corresponded transcription factors or their groups. (MEME)

- fixed distance from the PE to the o-point.
- palindromes (like CAGCTG). Palindromes cause the similar biochemical properties on the

both strand of DNA in the same place (MEME).
- possible similarities with known TF from another species (ConSite  with the threshold –80%,

TFsearch with the threshold – 85.0%). Often, similarities between predicted PEs and known PEs
(flies, human etc.) were used to unite similar predicted PEs in the groups and to give them similar
regulatory features (theoretically).

- investigation the genes regulated with the same transcription factors. For example, ttx-1
encodes homeodomain protein, which regulates expression of the ceh-14, gcy-8, nhr-38 and tax-2.

RESULTS
2.1 Analysis of the ceh-14 homeobox gene and orthologs.

The upstream regions of the ortholog
genes have three regions saturated
with the conserved sequences (fig
2.1.1). Some of them have clear
“synteny” between each other and to
the o-point (fig. 2.1.2). As we can se,
MEME results (fig.2.1.2) coincident
with the PPCmatrix plot. PE 1 (light-
blue block, fig. 2.1.2) corresponds to
the “middle” line of PPC matrix
plot, PEs 2 and 3 (red and blue
blocks, fig 2.1.2) – with the upper
line, PE 8 - with the lower one.
To increase reliability of the results,
additional criteria like distance to the

o-point and similarities to the known PE were used.

  

Figure 2.1.2 Distributions of the PEs in the upstream regions of the ceh -14 and orthologs genes
(MEME results).

* the row “scale” does not reflect real distance between PEs. This is only abstract length.
** numeration of the PEs only reflects their index numbers in the MEME list.

Figure 2.1.1 PPCmatrix plot Ce (x-axis) - cr (y-axis)
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*** to determine distance to the o-point we must to subtract “start” value (MEME results) and
length of PE from length of the cut upstream region (table 1.6.1 column “PPC”).

For example, PE 8 has highly conserved arrangement to the
o-point, around 310-320 bp and include rather interesting
region (CTCGTG, fig 2.1.3) similar to the set of the known
PE, like n-MYC, USF, ARNT. So, PE8 should be important
for the gene regulation. PE1, due to proximity to the o-point,
high conservation and similarities to the promoters for the
HLH-proteins seems to be also important for gene
expression.
But regulatory significance of the PEs 2 and 3 for ceh-14 is

under doubts. Firstly, these motifs are arranged rather close to the neighbor upstream genes dpy-7
(ortholog CBG 16719) and can serve as dpy-7 promoter. Secondly, similarities to the known PEs
are less prominent than for PE 8. PE 3 is lacking likeness with known motifs at all, PE 2 contains
signal for transcription initiation of eukaryotic RNA and binding sites for nuclear receptors (fly
and human).

2.2 Analysis of the orthologs of the ceh-23 homeobox gene.
Identification of the ortholog genes was not successful.  Wormbase has no any information about
ortholog of ceh-23 for Cb. So, both genes for Cb and Cr were identified with the TBLASTN and
SoftBerry programs. And some facts raise the doubt about authenticity of the predicted orthologs.
Firstly, the similarities between ortholog proteins are rather low (se ad. table 1.6.3 and figure 1.6).
The Cb protein is prominent distinct and has only 58% of identities with the Ce protein and 63%
with the Cr protein. Secondly, upstream regions of the Ce and Cb ortholog genes have different
lengths in spite of the discovered synteny in the investigated loci. Thirdly, as a consequence, the
upstream regions are poor with conserved regions (table 2.2.2 and 2.2.3).

Table 2.2.2 PPCmatrix of ceh-23 ortholog genes.

But retrieved motifs have rather good similarities with known PE. PE 1 (table 2.2.3) is the TA-
enriched region similar to the site for the plants and vertebrate homeobox proteins Athb-1

Figure 2.1.3. Similarities between PE  8
and others PEs (ConSite)

ceh23: ce (x-axis) – cr (y-axis) ceh23: cr (x-axis) -  cb (y-axis)
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(aATtATT) and HNF-1 (GTTAaTxaTT) respectively. PE 8 is analogous with the cATTGTc –site
for the mouse SOX17. PE 10 has likeness to the conserved gtCTGg - site for the HLH human
protein.
2.3 Analysis of the orthologs of the ttx-1 homeobox gene
After rejection of the upstream regions of orhtholog genes, sequences about 2000-3000 bp adjacent
to the o-point were left (table 1.6.1). Within these sequences three sections enriched with the
putative PEs (fig 2.3.2) were identified. The first one is PE 4 near the o-point, second contains 2, 6,
8 PEs and third one involves 1 and 5 PEs.

Figure 2.3.2 Distributions of the PEs in the upstream regions of the ttx-1 and orthologs genes
(MEME results).
From the set of the motifs listed above PE5 and PE2 pretend to be important in the ttx-1 regulation.
Putative PEs 5 (ad, table 2.3.2) has rather high level of conservation and similarities to the some
human and insect C-enriched promoter.

PE 2 satisfies to the many promoters criteria:
- high level of conservation (ad, table 2.3.2).
- excellent arrangement (“synteny” to the others putative
PEs and to the o-point) (fig 2.3.2) .
- similarities to the set of the known PE, such as n-MYC,
USF, ARNT (fig 2.3.3). Interestingly, that within PE2 :
 1) two set of known  PEs (two “columns”) duplicate each
others;
2) in the every set, each PEs are performed on the both

strands of DNA (+ -);
3) all listed promoters highly conserved within species and

between species (human (USF), mouse (n-MYC,
ARNT) and fly (Snail) (table 2.25.2). Such evolutional conservation allows extrapolate this
data on the worms. And we can suppose that putative PE 2 has great value for the regulation
of ttx-1 expression.

2.4 General analysis of the orthologs of the ttx-1, ceh-14 and ceh-23 homeobox genes.
Analysis of the upstream regions of all 9 homeobox genes has shown a few common consensus
sequences (table 2.4.1.). Some of them are analogous to the others PE. All homeobox gene have
region (CGGATGAGCcGGTGCTT) is similar to the highly conserved Snail PE (CAGGTG, Table
2.25.2, fly).  The ttx-1, ceh – 14 have sequences (GCTCAttGGcGT) resembling to the mouse Sox-
17 binding site (cATTGTc).

Table 2.4.1 Putative PEs of the ttx-1, ceh-14 and ceh-23 and ortholog homeobox genes (MEME
results).

1 2 3 4 5
all genes GAGAGAGAG TTCAAATTTTg TTTTCcAG AGTCATAAGTtg TTTTTtCgAAA

ttx-1, ceh - 14 GCTCAttGGcG GgTTAaCgGCCA CAAGcGgATA CGGATGAGCcG
GTGCTT

Figure 2.3.3 ConSite results for
the putative PE 2.



15

In general, ttx-1 and ceh – 14 upstream regions have more common PE than ceh- 23. Possibly
these genes share common regulatory mechanisms. At least, it is known that ttx – 1 regulates
expression both of the ceh-14 and its own expression (ttx-1 has abilities to the autoregulation).
2.5. Analysis of the orthologs of the gcy - 8.

The gcy – 8 and two ortholog genes are
arranged within synteny region. And their
upstream neighbor genes are also orthologs
to the each other (C49H3.12, CBG17710
and Cr gene from the Contig1001.1) (table
1.6.2). Interestingly, all six genes have
opposite direction, share the same upstream
region and possibly same regulatory
elements.
All upstream regions have prominent
quantity of conserved sequences (ad, table
2.5.1) with the perfect arrangement and
“synteny” (fig 2.5.2.). Some of the motifs
like 4 and 9 just represent T-enriched
regions without any likeness with known
PEs. Others (table 2.5.2) have similarities

with the different binding sites. For ex., PE 1 has similarities with the mouse Sox-5 motif
(AACAAT) and human Pbx (atCAATCaa) motif.

Figure 2.5.2. Distributions of the PEs in the upstream regions of the gcy-8 and orthologs genes
(MEME results).
Table 2.5.2 Comparison of the PE 5 and PE8.

The PEs 5 and 8 deserve particular attention
(table 2.5.2.).They have similarities to the
conserved binding site TGAxTCA for Proto-
oncogene protein c-fos (mouse) and duplicate
each other in close distance to the o-point. PE

5 lies in the 190-260 bp to the gene, PE 8 localizes in the UTR. Possibly, there is some sense in
such motifs conservation, duplication and distribution.

2.6. Analysis of the orthologs of the nhr-38 gene.
Upstream regions of the nhr-38 and ortholog genes have poor quantity of the conserved motifs.
Most of them are with the bad conservation (table 2.6.1). Neither ConSite nor Tfsearch program
did determine any similarities with the known PEs. Only PE1 (CACCTC, table 2.6.1) has
similarities with the Snail ZN-FINGER protein (fly, CAGGTG table 2.25.2).
 Such unsatisfied results can be explained by some suppositions:
- wrong identification of the ortholog genes and as a consequences analyzing of “nonortholog”
upstream sequences. In the support of this assumption some facts exist:

Figure 2.5.1 PPCmatrix plot Ce (x-axis) - cb(y-axis)

PE 5 PE 8
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1) no synteny was detected between group of the ortholog genes and their neighbors;
2) ortholog proteins have comparatively low level (about 70%) of identities.

- very short upstream region in the Cr genome (136 bp) could restrict MEME results.
2.7 General analysis of the orthologs of the gcy-8 and nhr-38 genes expressed just in the AFD
neurons.
Since gcy-8 and nhr-38 genes express only in the AFD neurons, they should have some specific
biding sites completely distinguished from the others promoters. Because just highly specific
motifs can correlate with the specific regulatory mechanisms, which are lead to the so restricted
expression, like in a case of the gcy-8 and nhr-38 genes. During analysis of the five upstream
sequences some such conserved regions without any similarities to the known promoters were
identified (Table 2.7.1).
Table 2.7.1 Putative consensus PEs for the orthologs of the gcy-8 and nhr-38 AFD-specific genes*.

ACAGTAgG CCCGAa AAGCTTCT TACAATcAG GCGtCGA AcCTGgtCcTT

*To make result more reliable short nhr-38 Cr sequence was not used in the analysis

Undoubtedly, upstream regions of the gcy-8 and nhr-38 require additional investigations.
 1) gcy-8 and nhr-38 promoters can serve as the hallmarks for identification of the other
unique genes, expressed in the AFD neurons.
2)since gcy-8 and nhr-38 are under regulation of the homeodomain protein ttx-1, which

responsible for the development of the AFD neurons, they mast to have some PE for the ttx-1. If
we will find such PEs, we can predict other genes regulated by ttx-1 and as consequences
expressed in the AFD neurons.

2.8 Analysis of the orthologs of the tax-4 gene.
The tax-4 is the first gene from the group of the “sense” genes. Orthologs have rather conserved
upstream sequences which are represented as strokes arranged along one invisible line on the
PPCmatrix (table 2.8.1) plots.
Table 2.8.1. PPCmatrix of tax-4 ortholog genes.
tax4: cb (x-axis) - cr(y-axis) tax4: ce (x-axis) - cr(y-axis)
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Figure 2.8.1 Distributions of the putative PEs in the upstream regions of the tax-4 and orthologs
genes (MEME results).
Identified motifs (table 2.8.2) have good synteny to the each other and (fig 2.8.1) and similarities
with th e others biding sites. Some of the motifs like PE5 and PE9 duplicate each other in
proximity to the o-point. The CAG GTG (PE 5) and CAG CTG (PE 9) have differences only in

one position and according to the ConSite
results have similarities with the Snail PEs
(fly) (table, 2.8.3). (table, 2.25.2.).
Interestingly, that CAG CTG (PE 9) is the
well-marked palindrome and theoretically
can bind with the transcription factor on the
both DNA strands.

Table 2.8.3 Comparison of the PEs 5 and 9.

2.9. Analysis of the orthologs of the osm-6 gene.
Osm-6 gene and orthologs belong to the syntenic region and all their neighbors genes are also
orthologs.  But in spite of the genomic conservation upstream regions are poor with the conserved
motifs and programs mostly have generated consensus sequences. In general, these motifs are
enriched with A- and T sequences with good “synteny” to the each other but without good
conservation and similarities to the known PEs (table 2.9.2).  Perhaps such pure conservation is a
consequence of the very short length of the upstream regions. They are the shortest in the
comparison with another investigated non-coding sequences and came just to 300 bp (table 1.6.2).

osm6: cb (x-axis) - cr(y-axis) osm6: cb (x-axis) - ce(y-axis)

Table 2.9.1. PPCmatrix of osm-6 ortholog genes

PE 5 PE 9
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Possibly, osm-6 orthologs are regulated by the PEs placed in the upstream regions of the others
genes or they belong to the operon system.

2.10. Analysis of the orthologs of the tax-2 gene.
Rather good protein identities about 80% (fig 1.6) and synteny within regions with orthologs and

neighbor upstream genes are pointed to the
successful ortholog detection. But Ce and Cb non-
coding regions are more similar to each other
(figure 2.10.1), than to the Cr. Their motifs are
arranged in the same order to the o-point. Unlike
them, Cr motifs are scattered without any arrange.

The conservation of the putative PEs is variable,
especially relatively to the Cr. Some of the PEs
represents disordered GA-, T-, and A- repetition
without any likeness with known biding sites.
Others regions, like PE1 and PE4 (table 2.10.1) are
conserved within all three species, have fixed
distance to the o-point and similarities with known
TF biding sites. For example, PE 4 as T-enriched

region is analogous with T-enriched binding sites for fly Zn-finger and rabbit forkheard proteins.

2.11 Analysis of the orthologs of the zig-5 gene.
Upstream regions of the zig-5 and orthologs are enriched with many highly conserved sequences
(fig. 2.11.1 and fig. 2.11.2). The prominent group of motifs contains PEs 1, 5, 6, 7, 11 (fig. 2.11.2)
and corresponds to the “middle” line in the PPCmatrix plot (fig. 2.11.1). They represent the most
conserved part of the non-coding region with the grate similarities to the known PEs.

PE 11 has some weak similarities with the Snail
PEs (fly) (table 2.25.1 and 2.25.2).
PE 6 are similar to the highly conserved human
(RORalfa-1 nuclear receptor (AGGTCA)) and
plant (bZIP910 TF (TGACGT)) promoter
elements. Interestingly, that these human and plant
PEs are reverse complement to the each other.
The T and A - enriched PE1 is similar to the 29
known cis-regulatory elements, including highly
conserved mouse, human and plants sequences.
The similarities between PE1, human Pbx
(atCAATCaa for homeodomain protein) and plant
Athb-1 (CAATTATT for the HOMEO-ZIP
protein) are the most interesting (table 2.11.2). It is
seems that evolutionary conserved CAATxa
sequence has importance for the interaction with
the homeodomain structure.

Figure 2.10.1. PPCmatrix of tax-2 ortholog
genes, Cb (x-axis) – ce (y-axis)

Figure 2.11.1. PPCmatrix of zig-5
ortholog genes, Cb (x-axis) – cr (y-axis)



19

 
Figure 2.11.2 Distributions of the putative PEs in the upstream regions of the zig-5 and orthologs
genes (MEME results).
From the other hand, similarities between PE 1 of zig – 5 and PE 1 of tax-4 (table 2.11.2) also
demonstrate potential importance of the discovered motifs. Both PEs have similarities with the
same set of the conserved mouse (Sox-5, SOX17) and plant PEs (ATHB5). Possibly zig –5 and
tax-4 have common mechanisms of gene regulation. But it is difficult to affirm on 100%, that all
discovered parallels are evolutionary important. May be all these similarities are just coincidences
based on the A, T – saturations of these regions.
2.12. Analysis of the orthologs of the gpc-1 gene.

Upstream regions of the ortholog genes have
plenty of the highly conserved regions with the
quite conserved localization (fig 2.12.1 and fig
2.12.2).
It is possible to mark out two upstream parts are
enriched with the conservative sequences. The
first one contains PEs 3, 13, 1, 4, second one
contains PEs2, 5, 15 (fig 2.12.2).
The first set includes sequences with the T, G, A –
repetitions. The T-saturated PE 1 is similar to the
fly, mouse and rabbit PEs (ConSite). Sox-5 and
SOX-17 are among them. Since similarities to the
Sox-5 (AACAAT) and SOX-17 (ATTGT) were
found also in the ttx-1, ceh-23, tax-4 and gcy-8
genes. We can combine them into putative group
with possible common regulatory mechanism.

The PE 4 has similarities with the SOX-17 (ATTGT) biding site. Close disposition and similarities
between PEs 1 and 4 give a tip about possible importance of these motifs.

Figure 2.12.2 Distributions of the putative PEs (second set) in the upstream regions of the gpc-1
and orthologs genes (MEME results).

Both PEs 2 and 5 from the second set (2, 5, 15), like PE1, are
similar to the mouse Sox-5 biding site (AACAAT). PE5 has
very intrigue distribution of the Sox-5. The SOX-5 was
duplicated within PE5 with a distance in one nucleotide
between duplicated motifs (fig. 2.12.3). So along upstream
region we have four rather conserved repetitions of the Sox-5

Figure 2.12.1. PPCmatrix of gpc-1 ortholog
genes, Cr (x-axis) – ce (y-axis)

Figure 2.12.3 Similarities between
PE 5 and known PEs (ConSite).
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motif (blue, yellow and light-blue bricks on the fig 2.12.3). Such conservation should be important
for the gpc-1 regulation.

2.13. Analysis of the orthologs of the F25B5.2 gene.
In spite of synteny within investigated regions for all three species (table 1.6.2), upstream region of
Cr are in 8 times longer (8000 bp) than Ce and Cb regions (1000 bp) (table 1.6.1). Possibly Cr
region has plenty insertion and as a consequences rather low level of similarities with the Ce and
Cb sequences.

Figure 2.13.2 Distribution of the putative PEs in
the upstream regions of the F25B5.2 and
orthologs
genes (MEME results).

In general, all three upstream regions contain a lot
of motifs with the fixed distance to the o-point,
but poorly conserved (fig. 2.13.1 and fig 2.13.2).
Mostly programs have generated consensus
sequences with plenty variable positions.
It is possible to mark out just one region with the
quite good synteny and good conservation. This

region contains PEs 9, 1, 6 (fig 2.13.2). But from this set only G, A – enriched PE6 motif has
similarities with the known fly promoter elements, like Broad-complex_4, Hunchback and Snail.

2.14 General analysis of the orthologs genes expressed in the sensory neurons and established
sensory function (tax-4, osm-6, tax-2, zig-5, gpc-1, F25B5.2).
The group of the “sense” genes is quite diverse.  During general analysis of the 18th upstream
regions only some insufficient A, G – and C, T-enriched sequences were extracted.
If we consider similarities between PEs listed above (2.8 - 2.13), we can single out the group of
genes tax-4, zig-5 and gpc-1 with the PEs are similar to the SOX-5 and SOX-17. (In this case we
used SOX-5, SOX-17 PEs only as criteria for similarities between putative PEs). So we can
assume that tax-4, zig-5 and gpc-1 have some common regulatory mechanisms. The osm-6, tax-2,
F25B5.2 did not belong to this group.
But most likely, that all “sense” genes (osm-6, tax-2, zig-5, gpc-1, F25B5.2) were combined in the
group artificially. In all probability, the “sense” genes have independent regulatory pathways ruled
by different transcription factors.

Figure 2.13.1. PPCmatrix of F25B5.2
ortholog genes,  Ce (x-axis) – cb (y-axis)
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2.15. Analysis of the orthologs of the egl-2 gene.
The egl-2 gene and orthologs have very long
upstream regions (about 10 000 bp length) with
the plenty of the long conservative well-ordered
sequences (fig. 2.15.1, fig 2.15.2 and fig.2.15.3).
It is seems, that upstream regions contained some
uninvestigated gene units, non-coding RNA ect,
But they were not detected by the programs. With
such assumption and with some doubts these
upstream regions were involved in the process of
the PE prediction.
All revealed motifs were grouped into three set.
The first set combines PEs 2, 4, 8 (table 2.15.1,
fig 2.15.2) and places in the distance of 800-600
bp from the o-point. The unique feature of this set
is that both PE 2 and 8 contain binding site for the
Skn-1 (Caenorhabditis elegans).

Figure 2.15.2. First set of the putative PEs discovered in upstream regions of the egl-2 and
orthologs genes (MEME results).

This is the first case of worm promoter
discovering. The PE 2 (TTAGAT CATGTA
– positive strand) has 85.2% similarities
with the skn-1 motif, PE 8 (GCGATGATAT
TA – negative strand) - 89.3%. Besides,
both skn-1 sequences have overlapping with
the others known motifs. The skn-1

sequence (PE 8) is similar to the set of the PEs (n-myc, ARNT, USF - CAGGCG) (table 2.25.2).
The skn-1 sequence (TTAGAT CATGTA - PE 2) has the best matches to the human Androgen NR
(fig 2.15.3).
The two others groups of PEs (PEs 1, 11, 15 and PEs 9, 3, 10, 7, 5) (fig 2.15.4) have a lot of T-
repetition (table 2.15.2). These T-repetitions are reason of the similarity between extracted PEs and
plenty of the known cis-regulatory elements (table 2.15.3).

  
Figure 2.15.4 Second (PEs 9, 3, 10, 7, 5) and third set (PE1, 11, 15) of the putative PE discovered
in the upstream regions of the egl-2 and orthologs (MEME results).

Figure 2.15.1. PPCmatrix of egl-2 ortholog
genes, Cr (x-axis) – cb (y-axis).

Figure 2.15.3 ConSite result for the PE 2.
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Table 2.15.3. Similarities between predicted PEs and the known motifs (ConSite).

PE 1 PE 7 PE 10

The extracted PEs have similarities with the fly Hunchback PE (PEs 1 and 10), mouse Sox –5
(AACAAT, PEs 1, 3, 7, 10), fly Broad – complex4 Zn- finger (PEs 7 and 10), human CREB
(TGACGt, PE 3), human FREAC-4 FORKHEAD ( gTAAACA PEs7 and 10), Snail Zn- finger
(CAGGTG, PE 3) and many others.
Because of the great number of the retrieved motifs, it is possible to assume that expression of the
egl-2 genes is provided by the majority of transcription factors. These transcription factors provide
high level of egl-2 expression in the different cells at the different stage of development. Possibly
it is conditioned by huge cell needs in the K+ channel protein, encoded by egl-2.

2.16. Analysis of the orthologs of the dbl-1 gene.
Upstream regions of dbl-1 and orthologs are represented by highly conserved sequences about 10
000 bp length. So, we cannot deny assumption about misidentified genomic elements like non-
coding RNA etc in these upstream regions.
Two conserved regions were retrieved for investigation (fig 2.16.2). The first one (PEs 1, 5, 7) lays
in the 5000-6000 bp from the gene. Second one (PEs 6, 9, 8, 2) is the region adjacent to the o-
point.

.
Figure 2.16.2 Distributions of the putative PEs in the upstream regions of the dbl-1 and orthologs
genes (MEME results).
The second set deserves the notable attention. This set contains many conserved regions similar to
the plenty known motifs. Namely:
        1) PEs 2 (ATTCATC ATTAG 88.5% similarities) and PE 6 (GA ATATCATATC, 86.1%
similarities) are similar to the worm Skn-1 PEs. Such replication of the skn-1 motif should have a
sense in view of close distance to the o-point.
        2) PE 9 (CATGTG) has similarities with the Snail, ARNT, USF and n-MYC (2.25.2).
        3) PE1 and PE7 have sequences similar to the human Pbx (ATCATCA), mouse Sox-5
(CAACATT), and mouse c-FOS (TGAxTCA). A lot of others similarities between PEs were
determined.
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2.17 Analysis of the ncs-1 gene and orthologs.
Like in case of  egl-2 and dbl-1,  upstream regions
of ncs –1 and orthologs are rather similar and
enriched with the plenty of the conserved sequences
(fig 2.17.2, fig.2.17.3). All conserved motifes were
combined into three groups.

Figure 2.17.2 Distributions of the putative PEs in
the upstream regions of the ncs-1 and orthologs
genes (MEME results).

.

The first group contains PE11 and PE10 and places
closely to the o-point (fig 2.17.2 and table 2.17.1).  Both motifs are T, A-enriched and have
duplication along upstream regions. PE10 is duplicated near the 0-point. Distance between the
PE11 motifs is around 2000 bp. All sequences have similarities with the fly Hunchback, mouse
Sox-5, human Freac-4 (aGGTCA) and plenty of the others T, A - enriched biding sites. Possibly,
these regions contain TATA-box.

Figure 2.17.3. Distributions of the putative PEs in the upstream regions of the ncs-1 and orthologs
genes (MEME results).

.
The second set contains PEs 7, 3, 5 and represent “line” with the best matches on the PPCmatrix
plot (fig 2.17.1 and fig 2.17.3). This set does not contain motifs similar to the known PE. Only PE5
has perfect matches to the plant bZIP910 Bzip (ATGACGT) and to the mouse Sox-5 (AACAAT)
motifs.
The third set (ad, table 2.17.3) includes PE6 and PE9 motifs with the distinguished similarities to
the known motifs. PE 6 (GGAAACAT (+)) are similar to the worm Skn-1 PE (AACATG
ATCTAT) and with conserved human nuclear receptor RORalfa-1 PE (aGGTCA). PE 9
(CACCTC (-)) is similar to the fly Snail (CAGGTG).

2.18. Analysis of the orthologs of the nlp-7 gene.
During investigation two regions enriched with the putative PE were marked out. The first one is
close to the o-point and involves large group of the PEs (fig 2.18.1 and table 2.18.1).

.
Figure 2.18.1. Distributions of the putative PEs in the upstream regions of the nlp-7 and orthologs
genes (MEME results)

Figure 2.17.1 PPCmatrix of ncs-1 ortholog
genes, Ce (x-axis) – cr (y-axis)
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This group has a lot matches with human,
animal and plant binding sites. PE3 has two
regions (ACGaCA- and TGAtGT+) similar to
the highly conserved sequences (TGACGt)
involved in the human and plant regulation
(table 2.18.2). Interestingly, that both plant
and human have the same highly conserved
biding site for the different bZIP proteins. It is
impossible explain such coincidence by
simple evolution, because human and plants
were diverged too early. Most likely these
matches just reflect successful chemical
affinity of TGACGT and some molecules
(domain) of Bzip protein.

.

Table 2.18.2 Consensus profiles of the Bzip motif between the different species (Jaspar database).

CREB Bzip Homo sapiens b Z I P 9 1 0   B z i p
Antirrhinum majus

Distribution of the know PEs in the
putative PE 3

PE5 (CACTTG) and PE9 (CACCTG) have regions similar to the Snail, USF and n-MYC (table
2.25.2). PE 8 has matches to the plants Athb PE (AATCCATT) and to the some T-enriched human
motifs, like HFH-2 and Pbx.  Both PEs 8 and 12 are similar to the mouse Sox-5 (xAxCAAT).
The putative PE 1 is similar to the mouse Sox-17 (TCCATTGGC (+)), Snail (AAGGTG (+)) and
flies Deformed (Dfd) and Bicoid(Bcd) biding sites (fig 2.18.3). Interestingly that Dfd and Bcd
motifes have the “mirror” symmetrical duplication (fig 2.18.3). Due to such similarities and motif
duplication PE1 should have regulatory importance.

Figure 2.18.3. Distribution of the fly’s PEs  (Bcd and Dfd) within the putative PE1 (TFsearch)

Figure 2.18.2. PPCmatrix of nlp-7 ortholog
genes, Ce (x-axis) – cr (y-axis)



25

The second set of the PEs (PE2 and PE7) is located
closely to the upstream gene F18E9.3. PE7 lays
within 5‘UTR region (about 200 bp length) of the
F18E9.3 and has similarities with the mouse c-FOS
(TGTGTCAG (+ -)) and Sox-5 (ATGGTTA) motifs.
The PE2 are similar to the 14 different biding sites,
most of them have A, T –enriched consensuses
profiles and place in the center of the PE 2 motif
(CACTAAAAATTGAATAATT).

2.19. Analysis of the orthologs of the nlp-21 gene.
The nlp-21 gene and orthologs share the
upstream non-coding region with the
upstream genes Y47D3B.3 placed on
the negative strand of DNA. And
possibly both genes have common
regulatory mechanisms. (NB: nlp-21
encodes neuropeptide-like proteins;
neighbor gene Y47D3B.3 encodes
putative protein with Ca2+-binding
domains).
During investigation a lot of consensus
sequences scattered along upstream
regions were generated (fig 2.19.2).
Two regions enriched with the motifs
were taken for assay. First region
involves PE 2, 3, 4 and lies in the
middle of the non-coding area. PE4

(CACTTG) is a most prominent from the set because of similarities to the Snail, c-myc, USF etc
(table 2.25.1 and table 2.25.2).

 .
Figure 2.19.2 Distributions of the putative PEs in the upstream regions of the nlp-21 and orthologs
genes (MEME results).

    The second set involves PE 1 and PE5 and places closely to the o-point. PE 5 is similar to the
mouse Sox-17 PE (cATTGTc). PE1 is the T, C – enriched region without any similarities to the
known PEs.

2.20 Analysis of the orthologs of the kin-29 gene.
Upstream regions of the kin-29 and orthologs are highly conserved. (fig 2.20.1 and table 2.20.1).
From the huge quantity of putative PE were selected motifs with the best matches to the known
promoters.  From the first set (PEs 1, 2, 6) adjacent to the o-point, PE1 is a most outstanding
because of similarities to the CREB (-), Bzip910 (-) and Sox-17 (+).

Figure 2.18.3 Distributions of the motifs
in the upstream regions of the nlp-7 and
orthologs.

Figure 2.19.1. PPCmatrix of nlp-21 ortholog genes,
Cr (x-axis) – cb (y-axis)
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.

A,T,G-enriched PE2 has plenty
similarities to the human CF2-II ZN-
FINGER (9 duplications on the both
strands) and flies HFH-3 FORKHEAD (7
duplications  on the both strands) motifs.
Second set comprises PE3 and PE7 and
disposes in the middle of the non-coding
regions.  Both motifs have sequences
(GTGAGTCAG and TTGCTCAC) similar
to the mouse c-FOS (TGAxTCA).
Moreover PE 3 has matches with the
SOX-5, SOX-17, PE 7, like PE1, is
similar to the human CREB (TGACGt).

 
Figure 2.20.2 Distributions of the putative PEs in the upstream regions of the egl-2 and ortholog
(MEME results).

2.21 Analysis of the tax-6 gene and orthologs.
The upstream sequences of the tax-6 and
orthologs have plenty of the short, highly
conserved motifs (fig 2.21.1).  PEs 1, 2, 6
and 10 are with the best matches to the
known biding sites and to the some worm
motifs discovered before (fig 2.21.2 and
table 2.21.1).  PE1 (CCATTGTTG) is
similar to the PE 3 (GGCATTGTGT) of
the worm kin-29 and bears likeness to the
mouse Sox-5 (-), SOX-17 (+) and plants
ATHB5.  PE 6  (CAGGTG) is similar to
the set of the PEs (Snail, c-myc, USF etc )
(2.25.2).

.
Figure 2.21.2 Distributions of the putative
PEs in the upstream regions of the tax-6

Figure 2.20.1. PPCmatrix of kin-29 ortholog genes,
Ce(x-axis) – cr (y-axis).

Figure 2.21.1. PPCmatrix of tax-6 ortholog genes,
Ce (x-axis) – cr (y-axis)
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PE 10 (TGGTTCTTCC) has similarities to the human c-REL and flies Dorsal_2 REL. It is seems
that listed above human and flies motifs (GGxxTTCC) have very good chemical advantages for
interaction with the REL proteins (table 2.21.2). Possibly other species also have similar to the
GGxxTTCC motifs for interaction with the with REL proteins
c-REL REL Homo
sapiens

D o r s a l _ 2  R E L
Drosophila melanogaster

PE 10

Table 2.21.2 Consensus profiles of the REL PEs from the different species (results from the Jaspar
database).

2.22. Analysis of the orthologs of the ina-1 gene.
The ina-1 shares the same upstream region
with the tax-4, which are also expressed in
the AFD neuron. But such specificity does
not spread on the Cb and Cr genomes. Both
Cb and Cr upstream genes are completely
distinguished from the tax-4.
Upstream regions of the ina-1 and orthologs
have plenty rather short (about 15 bp) but
highly conserved sequences (fig. 2.22.2).
Three regions enriched with such sequences
were marked out for investigation.
The first one involves PE 1, 2, 7, 4, 5, 10 (fig
2.22.2). The second set of motifs contains PE
1, 3, 9 (fig 2.22.2). The third set of genes
places near to the o-point.  The most
prominent motif from this set is PE 8
(CACCTGCGTCTC).

All regions have a lot of motifs similar to the known biding sites. First region contains motifs
equivalent to the worm Skn-1 biding site (PE5), to the plant highly conserved PE bZIP910 (PE2,
table 2.18.2) and to the Snail motif (PE2 and PE7, table 2.25.2).

 
Figure 2.22.2 Distributions of the putative PEs in the upstream regions of the ina-1 and orthologs
genes (MEME results).
By the way, all upstream regions have at least five motifs similar to the fly Snail. These motifs are
PE1, 2, 3, 7 and 8. All listed motifs have particulars in arrangement. The PE8 (CACCTG) places in

Figure 2.22.1. PPCmatrix of ina-1 ortholog genes,
 Ce (x-axis) – cr (y-axis)
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a 300-350 bp from the o-point. The PE1 (CGCCTG (-)) and PE3 (CAGATG) lay closely to the
each. The PE2 and PE7 sequences (CAGGTC and TACCTG (-) respectively) are palindromes to
the each other. Due to such specificity all motifs mast have some regulatory significance (fig
2.22.2).

2.23 Analysis of the orthologs of the ptp-3
gene.
The ptp-3 and orthologs have the longest
upstream regions totaled around 18000-
38000 bp (table 1.6.1), but poor motif
conservation and disorder in distribution of
conserved elements.
The upstream regions are enriched with the
G –repetitions. And just some of motifs, like
PEs 4, 6, 7, 11, 14, 15, are more or less
conserved (table 2.23.1) and significant.
Only the PE6, 7, 11 and 14 have parallels
with the known biding sites. PE7
(ACGACAC (-)) and PE14 (ATGAGGT)
have likeness with the highly conserved
plant bZIP910 (TGACGT) and human
CREB (TGACGt) (table 2.18.2). The PE6 is

similar to the fly Snail (CAGATG) and PE 11 is to the Snail, USF and n-MYC (table 2.25.2).
Motifs listed above should be important for the gene regulation.
But in general, so poor conservation of the so long non-coding regions raises many doubts about
importance of the ptp-3 gene for the cell beings. Perhaps this gene is significant only during cell
development and silent in the maturated cell.

2.24 Analysis of the genes shared common regulatory pathway.
The genes ceh-14, gcy-8, nhr-38 and tax-2 are regulated by the homeobox gene ttx-1. As a
consequence, all these genes should have similar biding sites for interaction with the ttx-1. During
investigation some consensus sequences were retrieved (table 2.24.1).

   

Table 2.24.1 Consensus sequences generated for the set of the gene regulated by the ttx-1.

But retrieved motifs have no any similarities with others well-known biding sites. Just
CATGAAAa is similar to the biding site for the plant homeo-zip protein Athr-1 (aATtATT). If we
make analogy with the previous motifs-proteins couples like TGACGT – B-zip protein (table
2.18.2), we can suppose that CATGAAAa sequences have more likelihood to be biding site for
homeobox protein ttx-1, because of similarities to the homeo-zip biding site.

Figure 2.23.1. PPCmatrix of ptp-3 ortholog genes,
 Ce (x-axis) – cr (y-axis)
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DISCUSSION
1. Comparative analysis of the predicted motifs and worms promoter elements.
During investigation the similarities between predicted PE and known mouse, human, fly and
worm PEs were identified.  The most interesting of them are similarities between predicted PEs
and well-known worm E-box and skn-1 binding sites.

1) The genes egl-2, dbl-1, ncs-1 and ina-1 have PEs similar to the binding site for the skn-1
protein. Skn-1 encode bZIP transcription factor participated mostly in the embryonic
pattern specification. Skn-1 expression was detected only in the ASI neurons, but not in
other cells in the head. And there is no data about expression of this gene in the AFD.
Possibly skn-1 expresses in the precursor cells, before AFD specification.

2) Many genes have motifs are similar to the worm E-box (consensus CAGCTG) (table
2.25.1).

ttx-1 PE 2
nlp-21 PE 4

nlp-7 PE 9
ina-1 PE 8
ptp-3 PE 11

tax-4 PE5
tax-6 PE6

tax-4 PE 9
zig-5 PE 3

dbl-1
PE 9

Nlp –7
PE 5

Table 2.25.1 E-box similar promoter elements
E-box (CATATG) is the binding site for bHLH protein (Ce-twist protein encoded by hlh-8).
Information about expression of this gene in AFD neurons is absent. According to the literature E-
box is functionally rather conserved. And mutation in one position leads to the alteration or failure
of binding properties (Harfe Brian D, Ana Vaz Gomes). But we do not know which positions of
motif are functionally more significant and define biding abilities of the E-box.
Comparison of the E-box with the similar biding site (table 2.25.2) leads to the conclusion that
CAxxTG are highly conserved position and perhaps define biding abilities of the sites. So we can
suppose that our motifs (table 2.25.1) similar to the E-box in position CAxxTG (namely PE 9 and
PE 5 of nlp-7, PE 8 of ina-1, PE5 and PE9 of tax-4 PE6 of tax-6, PE 3 of zig-5, PE 11 of ptp-3 and
PE 9 of dbl-1) should have some chemical advantages for interaction with the definite, namely
with bHLH-proteins.

Table 2.25.2 Consensus profiles of the PEs from the different species (results from the Jaspar
database).

1
USF bHLH-ZIP
Homo sapiens

2
n-MYC bHLH-ZIP
Mus musculus

3
hen-1 bHLH
Homo sapiens

4
ARNT bHLH
Mus musculus

5
Snail ZN-FINGER,
Dr.melanog.
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But we cannot affirm that all of them interact with the same transcription factor and represent the
same pathway of the gene regulation as E-box. We just can make parallels and suppose that
retrieved motifs are suitable to interact with specific protein motifs.

2. General conclusions.
1. Upstream regions of the genes expressed in the AFD neurons have different level of the
conservation. Some of the genes like ceh-23, gcy-8, osm-6 are poor with the consensus
(conserved) sequences. Others like ina-1, kin-29, dbl-1 have a lot of consensus and conserved
motifs.
2. Level of conservation of non-coding region possibly, is conditioned on quantity of the
regulatory mechanisms involved in the gene regulation.
3. During investigation were found motifs similar to the:
    - worm promoter elements like

skn-1 motifs (egl-2, dbl-1, ncs-1 and ina-1);
hlh-8 motifs (E-box) (ttx-1, nlp-7, ina-1, ptp-3, nlp-21, tax-4, tax-6, zig-

5, dbl-1).
- plants promoter elements Bzip910 (TGACGT): gcy-8, tax-2, zig-5, ncs-1, nlp-7, kin-29, ina-

1, ptp-3;
- human motifs CREB (egl-2, kin-29, nlp-7, ptp-3).

4. Possibly genes with the similar promoter elements have common mechanisms of the expression.
5. Different promoter elements have different levels of the conservation conditioned by biding
abilities and specificity of the transcription factors. They represent as

- A, T, G – enriched consensus sequences;
- highly conserved motifs from plants to the human.

6: since highly conserved promoter elements of the different species as a rule interact with the
proteins from the same family, we can speak about evolutional conservation of the promoter –
transcription factor pairs. Due such theory similarities to the highly conserved well-known biding
sites should be criteria for the evaluation of the putative promoter elements.

3. Problems and perspectives.
The investigation of the non-coding DNA is promising direction in molecular biology. Functions
of non-coding DNA are pure investigated and mostly related with the gene regulations. But
researches of non-coding DNA are complicated by many troubles.
Firstly, there is no developed structured database for all known worm regulatory elements. Some
of the databases contain couples of worm motifs, like TFsearch database. But 13 motifs are not
enough for about 600 known worm transcription factors.
Secondly, we don’t know exactly hallmarks of the regions are more important for gene expression.
During investigation information about PE criteria was systematized. The question is how
confident these criteria are.
For example, the main criterion for PEs is their conservation between ortholog genes. According to
the phylogenetic footprinting theory, functionally important regulatory regions in non-coding DNA
should be more conserved in comparison with the regions lacking functional significance.  This
criterion is principal. But the points are:

1) How evolutionary close should be species? I used rather close related worms’
species and retrieved very long highly conserved non-coding regions (about 50 bp). But it does
not mean that all of them are participated in the gene regulation. Possibly they have other
functional importance or represent just evolution “junks”.
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I think this problem must be solved independently for every gene. Because some of them very
functionally conserved during evolution from bacteria to the human and the way of these gene
regulation should be also conserved. In this case not so close related species are suitable for
investigation. The others genes are rather evolutionary young and are modified very quickly
from species to the species under the evolution selective pressure. The way of regulation of
such genes must be also highly changeable.  In this case, more evolutionary close species
should be best option for investigation. How close are? It is the question.
2) How conserved should be putative PE? As a rule PEs are the consensus sequences
with different level of the changeability.  Some of the regulatory elements highly conserved
from the fly to the human, others are represented as the t-, g-, c, a - enriched regions (for
example TATA-box) with the high level of positions variability but constant common
properties.  During my investigation were defined both highly conserved region and low
consensus g- or t-enriched sequences. But I rather lean to the opinion, that some position of the
PEs should be highly conserved and specific for the gene. Moreover changes of some
nucleotides from such conserved part of the PE should be the reason of the alteration of
interaction between PE and corresponded transcription factor.

For further investigation more reliable criteria should be developed.  For example, criteria, based
on the deep investigation of the biochemical properties of the transcription factors, can be useful
for the generation of the PE “biding” profiles.
Investigation of the promoter elements is very perspective and can be used for the treatment of the
different diseases and ect.  But examination of the non-coding DNA should not be restricted with
promoter analysis. Nobody knows what mysteries are hidden in the non-coding DNA. Of course,
the huge quantity of the "junk" DNA can be considered as evolution chance. But all chances in the
nature mostly are the witnesses of the unknown regularities, which will be discovered in future.

 ADDENDIUM
Figure 1.6 Identities between ortholog proteins according to the PSI-blast results
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Table 1.6.3 Identities between ortholog proteins according to the PSI-blast results

gene ceh-14 ceh-23 ttx-1 gcy-8 nhr-38 tax-4 tax-2 osm-6 zig-5 gpc-1
Cr-Ce 84 72 67 84 75 86 85 86 82 80
Cr-Cb 85 61 72 91 69 79 85 86 87 76
Ce-Cb 99 56 61 89 60 79 84 85 84 80
gene F25B5.2 egl-2 dbl-1 ncs-1 nlp-7 nlp-21 kin-29 tax-6 ina-1 ptp-3
Cr-Ce 61 89 89 98 76 89 89 93 86 83
Cr-Cb 73 96 89 98 78 90 87 96 94 94
Ce-Cb 58 95 85 97 78 88 86 93 86 91

Table 2.1.1 Consensus sequences in the upstream regions of ceh-14 and ortholog genes (MEME
results).
1

2

3

8

Table 2.2.3  Consensus sequences in the upstream regions of ceh-23 and ortholog genes (MEME
results).
N MEME results
1

7

8

10

Table 2.3.2 Consensus sequences in the upstream regions of ttx-1 and ortholog genes (MEME
results).
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1

5

2

4

Table 2.5.1.  Consensus sequences in the upstream regions of gcy-8 and ortholog genes (MEME
results).
1

2

5

8

6

Table 2.6.1. Consensus sequences in the upstream regions of nhr-38 and ortholog genes (MEME
results).
1

5
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9

Table 2.8.2 Consensus sequences in the upstream regions of tax-4 and ortholog genes (MEME
results).
1

2

5

9

Table 2.9.2.  Consensus sequences in the upstream regions of osm-6 and ortholog genes (MEME
results).
 2

10

Table 2.10.1 Consensus sequences in the upstream regions of tax-2 and ortholog genes (MEME
results).
1

4
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11

12

Table 2.11.1 Consensus sequences in the upstream regions of zig-5 and ortholog genes (MEME
results).
1

5

6

7

11

3

14

Table 2.11.2  Comparison of the zig-5 PEs 1 and tax-4 PE 1  (ConSite).
zig – 5 PE 1 tax-4 PE 1
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Table 2.12.1.  Consensus sequences in the upstream regions of gpc-1 and ortholog genes (MEME
results).
1

3

4

8

2

5

Table 2.13.1.  Consensus sequences in the upstream regions of F25B5.2 and ortholog genes
(MEME results).
1

9

6

2

Table 2.15.1. Consensus sequences in the upstream regions of egl-2 and ortholog genes (MEME
results).
4
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8

2

Table 2.15.2. Consensus sequences in the upstream regions of egl-2 and ortholog genes (MEME
results).
3

7

10

1

11

15

Table 2.16.1. Consensus sequences in the upstream regions of dbl-1 and ortholog genes (MEME
results).
1

5

7

2

6
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8

9

Table 2.17.1. First set of the consensus sequences in the upstream regions of ncs-1 and ortholog
genes (MEME results).
10

11

Table 2.17.2. Second set of the consensus sequences in the upstream regions of ncs-1 and ortholog
genes (MEME results).
3

7

5

Table 2.17.3. Third set of the consensus sequences in the upstream regions of ncs-1 and ortholog
genes (MEME results).
6

9

Table 2.18.1. Consensus sequences in the upstream regions of nlp-7 and ortholog genes (MEME
results)
1
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3

6

5

8

9

12

13

Table 2.18.2. Consensus sequences in the upstream regions of nlp-7 and ortholog genes (MEME
results)

2

7

Table 2.19.1 Consensus sequences in the upstream regions of nlp-21 and ortholog genes (MEME
results).
2

3
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4

5

Table 2.20.1. Consensus sequences in the upstream regions of kin-29 and ortholog genes (MEME
results)
1

2

6

Table 2.20.2. Consensus sequences in the upstream regions of kin-29 and ortholog genes (MEME
results)
3

7

4

Table 2.21.1. Consensus sequences in the upstream regions of tax-6 and ortholog genes (MEME
results)
1

2

10
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6

Table 2.22.1. Consensus sequences in the upstream regions of ina-1 and ortholog genes (MEME
results)

2

7

4

5

10

Table 2.22.2. Consensus sequences in the upstream regions of ina-1 and ortholog genes (MEME
results)

1

3

9

Table 2.23.1. Consensus sequences in the upstream regions of ptp-3 and ortholog genes (MEME
results)
4
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6

7

11

14
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