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ABSTRACT

TRANSFAC, TRRD (Transcription Regulatory Region
Database) and COMPEL are databases which store
information about transcriptional regulation in euka-
ryotic cells. The three databases provide distinct views
on the components involved in transcription: tran-
scription factors and their binding sites and binding
profiles (TRANSFAC), the regulatory hierarchy of
whole genes (TRRD), and the structural and functional
properties of composite elements (COMPEL). The
guantitative and qualitative changes of all three data-
bases and connected programs are described. The
databases are accessible via WWW:

(Transcription Regulatory Region Database, developed at the
Institute of Cytology and Genetics SB RAS since 1993;and
COMPEL (about Composite Elements, a common effort of both
groups;6) try to match these requirements. Their specific aims
and present status as well as their linkages will be described
subsequently.

Users are asked to cite this article when publishing results
which have been obtained with the database tools described here.

TRANSFAC
Contents

The TRANSFAC database is maintained using a relational

database management system (RDBMS). ASCII flat files have
been released in March (3.1) and July (3.2), combining the
contents of 48 tables of the RDBMS to six flat files (SITE,
FACTOR, CLASS, MATRIX, CELL, GENE).
INTRODUCTION The contents of the six flat file tables are listed in TablEhe
As the international efforts to sequence complete genomes g&ITE table comprises 4143 sequences with a total of 69 070
momentum, the availability of software for the interpretation ohucleotides. It gives information about the localization and
these sequences is of increasing importance. With regard to gexfjuence of individual regulatory elements within a gene, the
regulatory potential of genomic regions, a bundle of programs hagethod(s) by and the cellular context in which these elements
been developed and is partially available on the World Wide Wetave been identified, and the transcription factors which bind to
(WWW), others can be downloaded from several servers freetilem. It also contains a number of consensus strings in IUPAC 15
or upon request or are part of commercial solutions (sekaats letter code. The interacting transcription factors are given by
2 for reviews). However, the application of these algorithmsiame and their TRANSFAC accession numbers, the latter as
strictly depends on the availability of a reliable basis for thactive hyperlink to the corresponding entry of the FACTOR table.
deduction of appropriate search patterns which may be individu@imilarly, FACTOR entries display lists of linked SITEs they
and experimentally proven genomic sequence elements, conshave been shown to bind to and which have been included in the
sus strings derived from compiled and aligned elements, GiRANSFAC SITE table. Descriptions of individual transcription
complete profiles such as positional weight matrices giving factors in the FACTOR table comprise physico-chemical, local
statistical description of regulatory signals. However, to achievand global structural features, as well as functional properties.
a real interpretation of the meaning of a certain genomic Untilrelease 3.2, entries of the GENE table basically comprised
sequence, we must be able to exceed the mere recognitiontttd name of a gene/gene product, the classification number
regulatory signals encoded by this sequence towards the biologecording to the scheme developed by P. Budhea(d active
cal context in which these signals gain their functionality. links to TRANSFAC, COMPEL and TRRD. Starting with release
Considering transcriptional regulation, the databases TRANS-3, the sites belonging to a gene will be listed explicitly and
FAC (developed at GBF Braunschweig since 1988; TRRD  sorted by their order in8' direction (direction of transcription).

http://transfac.gbf.de/TRANSFAC or
http://www.bionet.nsc.ru/TRRD
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Table 1.Content of the TRANSFAC tables, release 3.2 nal databases are listed in Figlir&lyBase links are provided by
M. Ashburner 9).
Table Entries Since August 1997, the references which are included in the
SITE 4401 tables SITE, FACTOR, CLASS and MATRIX are linked to
GENE 1095 PubMed through their bibliographic data.
FACTOR 2166 Integration with external browsing tools
CLASS 28 _ . :
MATRIX 260 Using the Sequence Retrieval System Version 5 (SRS5, Thure
Etzold, EBI; 10), TRANSFAC could be integrated in the network
CELLS 857 of other sequence databases and sequence analysis tools. SRS
METHOD 52 access to TRANSFAC is available at the URL http://transfac.
REFERENCE 5462 gbf.de/srs5/ . SRS5 parsers for the TRANSFAC flat files are

available via anonymous FTP at ftp://transfac.gbf.de/ . These
2900 entries of which are connected to TRANSFAC, 426 to TRRD and 243 Barsers will be uPdated for each new release of TRANSFAC.

both TRANSFAC and TRRD.

bAmong the FACTOR entries, 1114 are assigned to one of the factor classeRroperties of the WWW interface

CTotal number of articles cited in SITE, FACTOR, CLASS, and MATRIX, giv-

ing rise to >15 000 citations. At URL http:/itransfac.gbf.de/ , the TRANSFAC database can be

accessed over the WWW. For users interested in technical
information and data structure of TRANSFAC, an on-line
documentation is available. Easy access to data is possible using
Transcription factor classification the ‘Search’ and ‘Extended Search’ functions of the query tools.
The ‘Browse’ option lists all available entries in large tables. In
As for previous releases, most transcription factors whose gerabsearch results, hyperlinks which are generated on the fly allow
are known have been classified according to the structure of thaitcess to cross-linked databases and additional information.
DNA-binding domain (DBD). The characteristics of these DBD As a new feature, a graphic visualisation of the local
structures are explained in the CLASS table. First for release 3¢haracteristics (such a&mnsactivating domain, leucine zipper,
we have extended this classification scheme to a more cohosphorylation site) listed in the FACTOR feature table has been
prehensive transcription factor classification scheme by definingcluded. Starting with release 3.3 and the new format of the
four so-called ‘superclasses’, each of them comprising seveit@ENE table, the same algorithm will enable the distribution of
‘classes’ which mainly correspond to the previously definedhdividual transcription factor binding sites within a gene to be
classes (Tabl@). Several sublevels have been defined as wellisplayed graphically.
(‘families’, optional ‘subfamilies’, ‘genera’ and ‘species’) as has
been_des_cribed elsew_here i_n greater defil The complete  ~gnnected programs
classification scheme is available on the TRANSFAC
server (http:/ftransfac.gbf.de/TRANSFAC/cl/cl.html ). The CLFor scanning new DNA sequences for potential regulatory
(class) line of FACTOR entries now gives, in addition to theelements, the programs PatternSearch1il)lapd Matinspector
previous CLASS assignment, the numerical classification coc1 (12) can be used at the TRANSFAC WWW site. As published
which is actively linked to the scheme. previously, PatternSearch uses the sequence data of the SITE
table, whereas the library connected with Matinspector has been
selected from the MATRIX table of the TRANSFAC database.
FastM, developed by T. Werner and his co-work&f, (is a
TRANSFAC entries are cross-linked with a number of externgdrogram which allows scanning of new DNA sequences or the
databases. Thus, 2936 SITE entries are linked to 1143 entried=dfIBL/GenBank databases with a combination of two matrices
the EMBL data library thus creating a total of 4099 cross-linksout of the matrix library. It thus enables complex analyses of
Similarly, the cross-links between TRANSFAC and other exterregulatory genomic regions.

Cross-referencing with external databases

Table 2. Classification of transcription factors: superclasses and classes

Superclass: Basic domain Zinc finger domain Helix—turn—helix domains  B-Scaffold with minor
groove contacts
Classes: bzIP CysCysy Homeo REL
bHLH CysHisy Winged helix MADS
bHLH-ZIP Cys clusters Trp-clusters TBP
TEA HMG

aThis superclass is non-transitive, since some of its class members may exert minor groove contacts but do n@tszaffaid within their DNA-binding domain
(such as HMG proteins), or vice versa.
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following regulatory units are described in the database:
(i) cis-acting elements that provide interaction of transcription
factors with DNA (L5); (i) composite elements that contain
closely locatedcis-elements working in closely interrelated
manner (see below about COMPEL databa8g) ({ii) pro-
moters, enhancers and silencers that usually occupy regions of
several hundred base pairs and include a number of single and
composite elements; (iv) extended transcription regulatory re-
gions on 5and 3 ends of genes or located within introns, that
include the above-mentioned regulatory units; (v) the integral
transcription regulatory system of a single gene.

Along with the structure of a regulatory region of a gene, the
description of its expression pattern is an essential part of TRRD.
The new release of TRRD 4.0 (February 1998) will comprise a
new structure for describing the conditions under which a gene is
expressed. These expression profiles consist of sets of vectors of
expression data comprising information about: (i) cell cycle
stage; (ii) developmental stage; (iii)) cell type, tissue, organ;
(iv) influence of signals external to the cell: chemicals, cytokines
hormones, growth factors, vitamins, etc.; and the level of gene
expression under these conditions in qualitative terms.

The new schema allows more precise presentation of informa-
tion about gene expression and in machine-readable form. One of
the major advantages of release 4.0 is the presence of internal
links between structural regulatory units and vectors of express-
ion data. These links are of great importance for understanding

Figure 1. Cross-references between the TRANSFAC tables SITE andf[he mqleCUIar mechamsms ofthe ;ranscrlptlonal regullatllon agene
FACTOR and several external databases. Depicted are the number of entries & Subjected to. Signal transduction pathways are indicated by
either TRANSFAC table which are connected to one of the external databasethese links that point to thes-element (and binding factor) on

the number of linked external database entries, and the number of links betwegine side and to the corresponding signal and its influence on gene

these entries.

TRRD (TRANSCRIPTION REGULATORY REGION

DATABASE)

Data structure

expression described in the vector of expression data on the other
side. Two examples of expression pattern descriptions are given
in Table3.

Content

The content of TRRD release 3.5 is summarized in Téble
Starting from October 1997, the TRRD database is maintained

The TRRD database describes the structure of eukaryotising a commercial relational database management system. The
transcription regulatory regions (promoters, enhancers) amdlational TRRD consists of 24 tables linked by 1:n and m:n
specific patterns of gene expressibyi{). The database schema relations. Periodically, we release TRRD into one ASCI! flat file
represents the hierarchical structure of regulatory regions. Tleembining contents of the relation tables.

Table 3.Representation of gene expression patterns in TRRD

Field descriptdt Content of the fields Human?y globin gene Human cyclin A gene
RE accession number of vector of expression data G000261.001 G001155.011

RY stage of cell cycle G1/S boundary

RD stage of development fetus

RO organ liver

RU tissue

RN cell type or cell line definitive erythroid cells primary fibroblasts
RI signal CAMP - PKA

FF effect of the signal induction

RL qualitative level of expression maximal level

RS link to site accession number 1850

2As an example, only one vector of expression data is shown for each of two genes.
bAdditional fields will indicate whether the vector of expression data refers to either mRNA or protein, will give links tqpidRRiDer accession number, com-
ments, and reference to the original publication(s).
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Table 4.Content of the TRRD database, release 3.5 Visualization tools
. We have developed a Java based tool for retrieving and
Table Number of entries . .. . .
visualizing the structure of regulatory regions as it is represented
T_GENE 426 in TRRD. All transcription factor binding sites of a TRRD entry
T_PROMOTER 596 can be graphically displayed showing their relative localization,

names of transcription factors, sequences (optionally) and some
other information. The tool provides a zoom function for more
T_REFERENCE 1759 detailed representation of different regulatory sub-regions of a
gene. These routines have been implemented using a previously
developed C++ and Java object library termed MGL (Molecular
Genetic Language) (http://www.bionet.nsc.ru/MGL/1))( It
provides the instruments for managing data from molecular
genetic databases and their graphic visualization over the
Internet. A stand-alone version of the visualization program
running under Windows provides additional options. For

T_SITE 2147

Table 5.Functional gene systems described in WWWTRRD

Functional gene system Number of Ref.
entries in TRRD

Interferon-inducible genes 60 21 example, it can generate a Windows metafile suitable for making
Erythroid-specific genes 33 22 presentations. The visualization tools are available on the TRRD
Genes of lipid metabolism 50 16 WWW server (http://www.bionet.nsc.ru/systems/Mgl/TRRD_
o Viewer.html ). They enable the creation of overviews of the
Glucocorticoid controlled genes 35 23 organization of different types and variants of transcription
Cell cycle dependent genes 20 24 regulatory regions. An automatically generated diagram for the
Muscle-specific genes o5 14 structure of the "Bregulatory region of the glycoprotein hormone

a-subunit gene o-GH) shows that there are at least three

overlapping complex regulatory units within a very short region
L .. (1150 bp; Fig2): the promoter, a placenta-specific enhancer and

There are 426 gene entries in the TRRD 3.5 complllné steroid-dependent negative regulatory element, which together

information which has been extracted from 1759 papers. Genggmprise 11 transcription factor binding sites. This example

of the following organisms have been described in the databage: h lex hi hical f o
human (179 entries): mouse (114 entries): rat (69 entrie?@strates the complex hierarchical structure of transcription

. . . . : Segulat i f karyoti :
chicken (27 entries); viruses (13 entries); frog (7 entries); rabbit gulafory regions of some eukaryotic genes

(7 entries); other organisms (10 entries). COMPEL

Information hypertext system WWWTRRD Data structure

. COMPEL is a database on composite regulatory elements (CE)
By means of World Wide Web (WWW) we have developed aig¢ erteprate genes. Such elements are located in transcription
information hypertext system WWWTRRD that is to_providegqjatory regions and contain two closely situated binding sites

Internet access to the TRRD entries converted from TRRD flgh; itterent transcription factors. They are essential for transcrip-
file into html format. Retrieval of individual entries can be donqion regulation in a highly specific manner due to specific

by browsing the whole database or by an elaborate search routfg A—protein and protein—protein interactiors. (
that enables searching for gene or site entries by name of genes,,o" main types of composite elements are described in

name of transcription factor, by keyword or by regulation-onpg| . composite elements of synergistic type contain sites

landmarks. An exhaustive text search over the whole databasgqs yranscription factors that simultaneously bind to DNA and
also available. The entries retrieved are supplied by active Im?

nergistically activate transcription. For composite elements of

to the partner databases TRANSFAC and COMPEL and exter gisicaly P b -

o tagonistic type, two transcription factors influence transcrip
databases such as EMBL or EPD. In addition, the WWWTRRI, i o S dirant

: ; : ; pposite directions.
provides hypertext links to textual and graphical presentation oP
functional gene systems that are listed in Tab@&roup of genes
. ! ™ . . ._Contents
involved in the lipid metabolism may serve as an interesting
example of functional gene systeid). The proteins encoded by COMPEL is distributed in a single flat file. It is electronically
these genes participate in a variety of processes essential &orcessible via Internet by anonymous ftp (ftp://transfac.gbf.de/
normal lipid homeostasis. This group contains genes of transpgtib/databases/compel/ ) or by browsing the database through the
proteins (apolipoproteins); enzymes of both lipid biosynthesigveb (http://www.bionet.nsc.ru/COMPEL/ and via active links
and degradation; transcription factors involved in the regulatiomom TRANSFAC). Some new fields have been added to the
of these genes. database schema in the recent COMPEL release (COMPEL 2.1).
Thus, the current release of WWWTRRD contains descriptioria the flat file, these fields are represented as followst Thine

of the main types of transcription regulation in eukaryotic cellsgives information about cell types in the case of tissue-specific
tissue-specific regulation (e.g., of muscle-specific genes); gewemposite elements only; the lin€&/T2 and C1/C2 provide
responses to external signals (interferon-inducible genes alinks to TRANSFAC FACTOR and CELL tables for the
glucocorticoid-controlled genes); cell cycle-dependent genganscription factors that bind to the composite elemen€&lthe
regulation and gene regulation in development (erythroidine classifies functional types of the composite element (Table
specific genes). 6). This line has been introduced since in release 2.1, most of the
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Figure 2. A fragment of the Sregulatory region of glycoprotein hormoaesubunit geneq-GH (G000271, TRRD accession number). Thisegulatory region
comprises: ) a steroid-dependent negative regulatory element with glucocorticoid regulatory elements (GRE) and a steroid regulatoStREmMEN a
placenta-specific enhancer (URE, upstream regulatory element; TSE, trophoblast-specific element; GATA, GATA-factor bjindiRE, sit@MP-responsive
element; JRE, junctional regulatory elemert) a(proximal promoter containing a CCAAT and a TATA box as well as a TRE (thyroid hormone regulatory element).
Region b contains two composite elements which are indicated by arrows (URE/GATA and GATA/CRE).

CEs have been classified according to their functi@ There  based on fuzzy calculation that permits the application of
are (i) 67 composite elements that confer tissue-specific regukstructural features (distance between site pairs and their mutual
tion among that liver (20 entries), T, B- and myeloid cells (3@rientation as retrieved from the database; see Fjignd
entries), muscle (five entries), pituitary (six entries), other (sigalculated binding affinity(9,20) of the CE for the correspon-
entries); (i) 33 composite elements mediating induction bding transcription factors. The distribution of these structural
steroid hormones (two entries), interleukins (two entries), othégatures was computed on the basis of CE collected in the
molecular signals (14 entries), acute-phase and immune respo@$8MPEL database and individual sites collected in TRANSFAC
(12 entries); (iii) three composite elements regulating cell-cycland TRRD. Currently, search routines for two types of CE are
dependent gene expression; (iv)arposite elements involved available: NFATp/AP-1 composite elements (earlier called NFAT
in developmental control. sites) for T-cell specific genes and MB/NF-IL6 composite
elements for acute-phase genes. We tested the program for
recognition of NFATp/AP-1 composite elements in a large set of
T-cell specific gene sequences. The test revealed a high specific-
On the base of the sequence and structural information storedtinof the method to the regulatory regions of genes expressed in
the COMPEL database we are creating a number of new methddsells (Kelet al, manuscript in preparation). The frequency of
for recognition of different CEs in genomic sequences. Beingotential CEs found within regulatory regions and introns was
very specific transcription regulators, CEs are sensitive indicatoBs-4 times higher than within coding regions. Clusters of potential
of the regulatory function of the sequence under analysiblFATp/AP-1 CEs have been specifically found within promoter
Therefore, a new program for searching potential compositegions. This method may be used for searching potential
elements of definite types is available now at the COMPEL armbmposite elements of this type as well as other types collected
TRANSFAC WWW sites. We have applied a statistical approadn COMPEL.

Connected programs

Table 6.Functional types of composite eleménts

Functional type Functional property of F1  Functional property of F2  Function of the composite element F1/F2 No. of CE

TO1 Tissue-specific Inducible by signah?2 Tissue-specific induction by signal 15

TO2 Tissue-specific Constitutive ubiquitous Tissue-specific regulation triggered by a ubiquitous factor 14

TO3 Inducible by signah Constitutive ubiquitous Inducible regulation for which a constitutive factor is essential 10

TO4 Inducible by signah Inducible by signaB2 Cross-coupling of different signal transduction pathways 25

TO5 Tissue-specific factor Inducible by signaB Tissue-specific cross-coupling of different signal transduction 9
inducible by signa”A pathways

TO6 Cell-cycle specific Cell-cycle independent Cell-cycle specific regulation for which a cell 1

cycle-independent factor is essential

aComposite elements confer combinatorial regulation of a gene by two different transcription factors (F1 and F2) bindimggivith&il sites.
bsSignalsA andB are external signals (hormones, cytokines, growth factors, etc.) causing gene induction or repression.



a) GM-CSF gene, mouse b) IL-2 gene, human

mental
94-04-12757-a, 97-04-49740, 96-04-50006), by the Siberian

Nucleic Acids Research, 1998, Vol. 26, No. 1 367

Research Foundation (grants: 94-04-13241-a,

Branch of Russian Academy of Sciences, as well as by the North

AP-1 NFATp
-40 -268
— _—
. .ATTAATCATTTCCTC. . . .AGGAARAACTGTTTCA. .
. . TAATTAGTAAAGGAG. . . .TCCTTTTTgACAAAGT. .
-54 “NFAT -283 NN
JunB/Fra-1
1
2
¢) Consensus structure 3
NFATp AP-1 4
5 T 3
. .WRGAAAA.. ..TGAYTCA..
v 5
8-12 bp

Atlantic Treaty Organization (grant no. 951149).

REFERENCES

Frech, K., Quandt, K. and Werner, T. (199®nds Biochem. S@2,
103-104.

Frech, K., Quandt, K. and Werner, T. (19€9mput. Appl. Bioscil3,
89-97.

Wingender, E., Dietze, P., Karas, H. and Knuppel, R. (1986Jic Acids
Res24, 238-241.

Wingender, E., Kel, A. E., Kel, O. V., Karas, H., Heinemeyer, T., Dietze,
P., Knlppel, R., Romaschenko, A. G. and Kolchanov, N. A. (1997)
Nucleic Acids Re®5, 265-268.

Kel, O. V., Romachenko, A. G., Kel, A. E., Naumochkin, A. N. and
Kolchanov, N. A. (1995) Proceedings of the 28th Annual Hawaii
International Conference on System Sciences [HICSS], Biotechnology
Computing, IEE Computer Society Press, Los Alamitos 5CA2-51.

6 Kel, O. V., Romaschenko, A. G., Kel, A. E., Wingender, E. and

Figure 3. NFATp/AP-1 composite element specific for activated T celld)(

Two examples from the COMPEL databas®;consensus structure derived 7
from COMPEL entries and used for recognition of the CE of this type. The
sometimes imperfect palindromic AP-1 site is always located ori-giee3of 8
the asymmetric NFATp site WRGAAAA. 9

FEDERATION OF TRANSFAC, TRRD AND COMPEL 10

Some steps towards a further federation of the three databadt

described here have been taken. First of all, a TRANSFAC
WWW mirror site has been established in Novosibirsk
(http://www.bionet.nsc.ru/transfac/ ) and a TRRD WWW mirrorl2
site in Braunschweig (http://transfac.gbf.de/trrd/ ). A joint routine

for extended search through all three databases has béén
simultaneously developed and is available now on both serves.

Moreover, efforts are being made to include TRRD and
COMPEL into SRS5 enabling complex queries over these three
and additional databases. SRS5 will make use of the TRANS:
FAC/TRRD/COMPEL links as they appear in the jointly
maintained GENE table. These joint retrieval capabilities arez
reinforced by providing additional links between, e.g., TRANS18
FAC FACTOR and TRRD SITE tables.

5%

19

ACKNOWLEDGEMENTS
20

Different parts of this work were funded by the Europearzi
Commission (BIO4 CT950226), by the Bundesministerium fiir
Bildung, Wissenschaft, Forschung und Technologie (project n
X224.6), by the Russian Ministry of Sciences, the Russian
National Program ‘Human Genome’ and the Russian Funda4

NOV
wWN

Kolchanov, N. A. (1995Nucleic Acids Re23, 4097-4103.

Bucher, P. and Trifonov, E. M. (1988)cleic Acids Red.4,
10009-10026.

Wingender, E. (199Mol. Biol. 31, 483-497.

Gelbart, W. M., Croshy, M., Matthews, B., Rindone, W. P., Chillemi, J.,
Russo Twombly, S., Emmert, D., Ashburner, M., Drysdale, R. A.,
Whitfield, E.,et al.(1997)Nucleic Acids Re5, 63—66. [See also this
issueNucleic Acids Re$1998)26, 85-88.]

Etzold, T., Ulyanov, A. and Argos, P. (199%gthods EnzymoR66,
114-128.

Wingender, E., Karas, H. and Knuppel, R. (1996) Pacific Symposium on

SBiocomputing ‘97 (PS®7), R. B. Altman, A. K. Dunker, L. Hunter, T. E.

Klein (eds). World Scientific, Singapore, New Jersey, London, Hong
Kong. pp. 477-485.

Quandt, K., Frech, K., Karas, H., Wingender, E. and Werner, T. (1995)
Nucleic Acids Re®3, 4878-4884.

Frech, K., Danescu-Mayer, J. and Werner, T. (199Vipl. Biol.270,
674—687.

Kel, A. E., Kolchanov, N. A,, Kel, O. V., Romaschenko, A. G., Ananko, E.
A., Ignatyeva, E. V., Merkulova, T. I., Podkolodnaya, O. A., Stepanenko, .
L., Kochetov, A. V. et al.(1997)Moal. Biol. 31, 521-530.

Wingender, E. (199%3ene Regulation in Eukaryote#CH., Weinheim.
Ignatieva, E. V., Merkulova, T. I., Vishnevsky, O. V. and Kel, A. E. (1997)
Mol. Biol. 31, 575-591.

Kolpakov, P. A. and Babenko, V. N. (19979!. Biol. 31, 540-547.

Kel, V. O., Kel, A. E., Romaschenko, A. G., Wingender, E. and
Kolchanov, N. A. (1997Mol. Biol. 31, 498-512.

Kel, A. E., Kondrakhin, Y. V., Kolpakov, P. A., Kel, O. V., Romashenko,
A. G., Wingender, E., Milanesi, L. and Kolchanov, N. A. (199f)c.

Third Int. Conf. Intell. Syst. Mol. BidB, 197-205.

Berg, O. G. and von Hippel, P. H. (1987Mol. Biol.193 723-750.
Ananko, E. A, Bazhan, S. |, Belova, O. E. and Kel, A. E. (19®@T)

Biol. 31, 592-604.

Podkolodnaya, O. A. and Stepanenko, I. L. (1843) Biol. 31, 562-574.
Merkulova, T. I., Merkulov, V. M. and Mitina, R. L. (199¥Ipl. Biol. 31,
605-615.

Kel, O. V. and Kel, A. E. (199Mlol. Biol. 31, 548-561.



