The Sturgeon Quarterly

July, 1995

Volume 3, No. 3

Restriction Analysis of the Nuclear DNA of
Three Species of Acipenser

Mikhailova', N. A., |. B. Lobov', O. I. Podgornaya’,
and V. J. Birstein?

Institute of Cytology, Russian Academy of Sciences
Tikhoretsky Prospekt 4
St. Petersburg, 194064, RUSSIA

?American Museum of Natural History
Central Park West at 79th Street

New York, NY 10024, USA

The genomes of eukaryotes contain three classes of repeated
DNA sequences: multigene families such as ribosomal RNA
genes, inferspersed short (SINES) and long (LINES) elements, and
tandemly repeated satellite DNA sequences or stDNA (Singer,
1982). Multigene families plus SINES and LINES constitute a
middle-repetitive DNA fraction, and stDNAs comprise a highly
repetitive (HR) DNA fraction. HR DNA is localized in the hetero-
chromatic regions of animal chromosomes and plays a signifi-
cant role in genome and chromosome evolution (John, 1988).
Originally stDNA was detected by isopycnic gradient centrifuga-
tion of total DNA (Miklos, 1985), but it was revealed by this method
in only a few of many species of teleost fishes studied (Hudson et
al., 1980; Bernardi and Bernardi, 1990). stDNA was not found by
gradient centrifugation in the onlyAcipenserspecies investigated,
A sturio (Felix et al., 1956). Using another technique, restriction
enzyme digestion of nuclear DNA followed by electrophoresis in
ogarose or acrylamide gels, several stDNA sequences were
discovered in genomes of various salmonids (Goodier and
Davidson, 1993, 1994; Hartley and Davidson, 1994), cyprinids
(Datta et al., 1988; Moyer et al., 1988; Ekker et al., 1992; He et
al., 1992), pollock (Denovan and Wright, 1990), pupfish (Elder
and Turner, 1994), sparids (Garrido-Ramos et al., 1995), and
cichlids (Wright, 1989; Frank et al., 1992, 1994).

The data on the genome structure and evolution of
acipenseriforms are very scarce (review in Birstein et al., 1995).
Onlygenome structure of the sterlet, Acipenser ruthenus, has been
investigated so far (Vladychenskaya et al., 1980). Its genome
consists of approximately 55% repetitive (including 24% of HR
DNA) and 45% unique sequences. Repetitive sequences seem fo
be very similar in all acipenseriforms, at least within the subfamily
Acipenserinae. A comparison of three species of Acipenser (A.
ruthenus, A. stellatus, and A. gueldenstaedti) and Huso huso
showed that the rate of divergence of repetitive sequences is very
low in their genomes (Kedrova et al., 1980). The repetitive DNA
contained only 0-2.6% of nucleotide change. In this paper we
present the first results on several repeated sequences in A
ruthenus, A. stellatus, and A. gueldenstaedti, detected by restric-
tion enzyme digestion of nuclear DNA

Materials and Methods

Materigi. Three sturgeon species, the sieriet, Acipenserrutnenus,
Russian sturgeon. A. gueidenstaedh, and stellate sturgeon, A.
steilatus, were caught in the lower reaches of the Volga River near
the city of Astrakhan. Samples of livers and muscles were
collected and fixed in 70-80% alcohol in the spring of 1994

DNA isolation. High molecular weight DNA was isolated from
samples of liver and muscle tissues of each sturgeon species fixed
in alcoho! by a standard method (Sambrook et al., 1989) with

some modifications. Tissue samples of about 0.5-1.0 g were
frozen in liquid nitrogen and crushed into a powder. The powder
was mixed with 10 ml of the buffer containing 10 mM EDTA
(pH=8.0), 0.5% SDS, and 0.1 mg/ml of proteinase Kor 1 mg/ml
of pronase. The homogenate was incubated in a water bath at
55°C for 3 hours (proteinase K) orat 37°C for2-3 hours (pronase).
DNA was isolated using phenol/chloroform extraction and etha-
nol precipitation. DNA obtained was centrifuged in a CsCl-
ethidium bromide gradient containing 0.5% sarcosyl at 35.000
rpm for 24 hours at room temperature. Ethidium bromide was
removed by multiple isoamyl alcohol extraction. DNA was precipi-
tated by ethanol, then was washed twice in ethanol, air-dried and
redissolved in 1 ml of the buffer consisting of 10 mM Tris-HCl
(pH=7.5)and 1 mMEDTA. DNAsamples obtained were analysed
by electrophoresis in 0.5% agarose gel with 0.5 mcg/ml of
ethidium bromide using Tris-acetate buffer (40 mM Tris-acefate-
1mM EDTA).

Digestion and electrophoresis. Four restriction enzymes were
used for digestion of the DNA samples:Sau3Al, Accé51,Pstl,and
Haelll (Sibenzyme, Novosibirsk, Russia). The digestion followed
the manufacturer’s instruction. Fragments were separated by
electrophoresis in 1.2% agarose or 3% polyacrylamide gels
stained with ethidium bromide (0.5 mcg/ml). Fragments ofx DNA
digested with Bgll and Pstl were used as size markers.

Results and Discussion

Total nuclear DNA was extracted from ethanol-fixed tissues of
Acipenser gueldenstaedti, A. ruthenus, and A. stellatus with a high
yield: approximately 0.72 mg per 1 g of tissue. This yield is
comparable with that of DNA extracted from fresh, non-fixed
sturgeon muscles (4-6 mg/g; Vitvitskaya and Nikonorov, 1989).
We assume that the method of DNA extraction used by us could
be applied to the analysis of fish museum specimens tixed in
alcohol as well.

The four restriction enzymes tested, Acc561, Sau3Al, Pstl,
and Haelll, revealed repeated sequences in all three sturgeon
species (Table 1). The sequences are seen as distinct bands in
ethidium bromide stained gels and range in size approximately
from 60 base pairs (bp) to 1,500 bp (or 1.5 kb).The characteristic
position and distribution of bands are typical for HR DNA se-
quences. The sizes of the long and average short repetitive
sequences were similar to those determined from the DNA
reassociation data (1.35 kb and 600 bp, respectively;
Vladychenskaya et al., 1980). There were no species specificity in
the size or distribution of bands. After digestion with Accé51 only
one band with the size of about 1.5 kb was revealed, whereas other
enzymes revealed from two (Sau3Al) to 8 bands (Haelll). The size
of sequences in the Haelll digest varied by 20 bp, and the
distribution of bands showed a ladder pattern characteristic of the
siDNA. The ladder-like pattern suggests that in this stDNA a
restriction site may have appeared in some of the repeated units
as a result of mutation.

Previously, two of the enzymes used by us, Sou3Al and

re used for the study of HR DNA in teleosts (Wright,
eretal, 1992; Garrido-Ramosetal., 1995). Digestion
brafish, Brachydanio rerio, DNA withSau3Al revealed two
. ting sequences: stDNA-like monomer units of 186 bp, and
dispersed SINES-like repeats of 165 bp (Ekker et al., 1992). The
size of the repeated sequences revealed by the same enzyme in

sturgeon DNA, is similar: 179 and 270 bp (Table 1). ltis too early
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Table 1. Size of Repeated DNA Fragments Revealed
by Restriction Enzymes Digestion in Genomes of -
Three Species of Acipenser

Fragment Size,
base pairs

1,500

270
170

380
230
215
170
155

559
358
165
145
120
100

80

60

Recognition
Sequence

GGTACC
GATC

Restriction
Enzyme

Acc561
Sau3Al*

Pstl CTGCAG

Haelll GGCC

*The data for A. ruthenus.

fo speculate on the possibile similarity of sequences in the
genomes of sturgeons and teleosts without sequencing the stur-
geon stDNA. But it is important to keep in mind that, according to
the data on interspecies DNA hydridization, up to 20% of the
repeated sequences in genomes of sturgeons and salmonids are
common fo both (Kedrova etal., 1980). Using the enzymeHaelll,
" siDNA bands of 186 bp were obtained in the DNA of three sparid
species, Sparus aurata, Diplodus bellotti,and D. puntazzo, whereas
in the DNA of two species of Pargus, bands of 170 bp were
obtained (Garrido-Ramos et al., 1995). The size of the repeats in
the species of Pargus is similar to that in sturgeons, 165 bp (Table
1). In the DNA of tilapia, Oreochromis mossambicus/hornorum,
an HR DNA sequence was produced by digestion with Haelll
(Wright, 1989). The size of monomers obtained, 237 bp, differed
from the size of repeats revealed by the same enzyme in sturgeon
DNA (Table 1).

Ovur results showed that: 1) families of highly repeated
stDNA sequences are present in the genomes of sturgeons; 2) the
structure of these stDNAs is complex; 3) there is no species
specificity in the size and patterns of the main families of stDNA.
A lack of species specificity in the size and patterns of HR DNA
sequences revealed by restriction digestion supports the hypoth-
esis of a high degree of genetic conservation within the
acipenseriforms (Birstein et al., 1995). All extant acipenseriforms
are polyploids, the sterlet and stellate being tetraploids, 4n=120,
and the Russian sturgeon being an octoploid, 8n=240 (Birstein et
al., 1993, 1995). Genome doubling seems to have been one of
the main genefic mechanisms of speciation within the genus
Acipenser (Birstein et al., 1995). These peculiar genetic and
evolutionary characteristics of acipenseriforms point to the need
for investigation of stDNA in these fishes in more detail.
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Sturgeons in the Lower Danube:
A Trip to Romania

In January, 1996, | visited Romania as Chairman of the Stur-
geon Specialist Group (SSG), IUCN. I am very glad to have an
opportunity to visit this arca since 1 was anxious to understand the
status of sturgeons in the Danube and Black Sea. Moreover, the
Danube Delta Reserve is a very interesting area. Historically there
were five sturgeon species which migrated from the Black Sea into
the Danube River: the beluga sturgeon, Huso huso, the Russian
sturgeon, Acipenser. gueldenstaedti, the stellate sturgeon, A.
stellatus, the ship sturgeon, A. nudiventris, and, perhaps, the
European Atlantic sturgeon, A. sturio. The freshwater sterlet, A.
ruthenus, also thrived in the Danube and its tributaries. In addition,
it provides a home for 320 species of birds!

My trip was organized by Dr. Radu Suciu from the Danube Delta
Institute (DDI) and Prof. Nicolae Bacalbasa-Dobrovici of the
University in Galati. Dr. Suciu is a head of the Sturgeon Research
Group (SRG) at the DDI which is located in the town of Tulcea, and
Prof. Bacalbasa is a member of the SSG. They brought me by car
from Bucharest to Tulcea, the regional capital of the Danube Delta.
In Tulcea I spent three days making acquaintance with the Institute
and the Danube (a boat trip around the Delta was especially
informative). There is an aquarium at the local Museum of Natural
History with live Russian and stellate sturgcons from the Danube.
After Tulcea, I went to Galati with Prof. Bacalbasa. In Galati I had
a meeting with another group of “sturgeon people” working at the
Fishing and

Center of Research for Fish Agquaculture,

> il
g
o
@

Fishprocessing. T spent my last day in Buch:
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whe Delta Institute

Institute (Tulcea)
s a research center of the Danube Delta Biosphere
DDBR) which was organized in 1990. The DDBR covers
rea with 18 strictly protected regions. There are a few

villages and small towns in the area. This creates many problems
as there are state, private, and cooperatively owned pieces of land

within it. Also, there arc areas formerly used unsuccessfully for™>

industry and agriculture. Now these places are mostly abandoned
and in a process of natural recovery. The DDBR belongs to the
Ministry of Waters, Forests and Environmental Protection of
Romania.

Originally, the DDI was the Tulcea Hydrobiological Station
established in 1932, becoming the institute in 1970. In 1991, the
DDI was divided into two parts, the Research Department and the
Design Department. The Research Department “has the responsi-
bility of providing the scientific basis for the formation of govern-
mental policy and activities pertaining to the conservation and
management of natural resources of the fauna and flora of the
DDBR” (from the brochure about the DDI). The main goals of the
Institute’s studies are: constant environmental monitoring of the
main aquatic and terrestrial ecosystems of DDBR, assessment of the
resources (fish, pasture land, reed, forests), and elaboration of
regulations for their sustenance.

There are a few research groups at the DDI working in different
fields. I was most impressed with the group which is working on an
atlas of the area. This is a joint project with the Forestry and Wildlife
Management Department of the University of Massachusetts, USA
(Prof. Curtice Griffin). The group is well-equipped with computers,
color printers, etc. The draft of the atlas looks very impressive.
There are also small groups of ornithologists, botanists and other
specialists.

The SRG consists of Dr. Suciu and six collaborators. They worl —
mainly as ichthyologists, but they also use biochemical (protein
electrophoresis) and karyological methods. Dr. Suciu plans 1o
organize studies on mtDNA. In 1994, the SRG started a project
entitled “Rescarch for protection and recovery of marine sturgeons
which migrate into the Danube for spawning” which is financed by
the Ministry of Rescarch and Technology of Romania and the
World Bank. The preliminary field studies in 1994-1995 showed
that H. huso and A. gueldenstaedti are extremely threatened now.
Their depletion was caused mainly by the construction of the Iron
Gates II Dam twenty years ago which cut off these species from their
natural spawning grounds in the Danube. A. ruthenus and A.
nudiventris practically disappeared from the lower reaches of the
Danube (as in all European countries, A. sturio disappeared many
years ago). A. stellatus is the only sturgeon species which is still
relatively numerous in the lower Danube.

The future plans of the SRG include monitoring and assessment
of sturgeon populations (mainly of A. stellatus), a search for their
spawning grounds in the Delta branches, the influence of pollution
on the development and reproduction of sturgeons in the Delta, etc.
Some of the studies (radio- and ultrasonic tagging and telemetry)

will be conducted as a joint project with an American scientist, Dr.
Boyd Kynard of the Conte Anadromous Fish Research Center,

oyd Kynard o 0 F
National Biological Survey, Turners Falls, Massachusetts. Dr
Kynard is a member of SSG. After a period of research work, »
restocking program for at least A. stellarus will be organized
(following the technology of sturgeon breeding and raising elabo-
rated by the German company Fisheries Consultancy Service of
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