
Vello JAASKA

ENZYME VARIABILITY AND PHYLOGENETIC RELATIONSHIPS
IN THE GRASS GENERA AGROPYRON GAERTN.

AND ELYMUS L.

11. THE GENUS ELYMUS L.

The genera Agropyron Gaertn. s. lat. and Elymus L. s. lat. are
diagnostically distinguished mainly on the basis of the number of spikelets
at the node. The species with solitary spikelets are referred to the genus
Agropyron while those carrying two or more spikelets at each node are
placed in the genus Elymus.

Such a division has repeatedly been suspected to be purely artificial
and not reflecting real phylogenetic relationships in this species group.
To overcome the inadequacy of this classification, S. Nevski (Невский,
1933, 1936) has proposed to subdivide the two traditional large genera
into smaller ones, which could be combined more appropriately to construct
a taxonomic system reflecting the phylogeny of the tribe Triticeae Dum.
(.Hordeae Benth.). Thus, he separated from the genus Elymus s. lat. the
genera Clinelymus (Griseb.) Nevski (correct name Elymus L.), Asperella
Humb. and Terrella Nevski, placing them in the subtribe Clinelyminae
Nevski. Similarly, from the genus Agropyron s. lat. he separated caespitose
species with green, soft leaves and small anthers to the genera Roegneria
C. Koch and Anthosachne Steud., which form the subtribe Roegneriinae
Nevski.

In his works S. Nevski repeatedly (Невский, 1933, 1941) expressed
the view that the species grouped in the subtribes Roegneriinae and
Clinelyminae are phylogenetically much more closely related with each
other than with the remaining species belonging to the genera Agropyron
Gaertn. s. str., Elytrigia Desv., Leymus Hochst. (treated as Elymus L. s.
str. by Nevski), etc. The phylogenetic concepts of S. Nevski have found
further elaboration by N. Tzvelev (Цвелев, 1968, 1970, 1972) who found
it justified, for phylogenetic reasons, to unite the species treated by
b. Nevski as belonging to the genera Roegneria, and Clinelymus in the
single genus Elymus L., separating from it the genus Leymus Hochst.
Recent cytogenetic studies carried out by D. Dewey (1966a, 1967) provide
further biosystem,atic evidence in favour of a need for analogous taxonomic
revision in the North American group of wheatgrasses.

The approach of S. Nevski has been followed and supported by several
systematists (Hylander, 1953; Melderis, 1950; Lõve and Lõve, 1961; etc.).
However, there is substantial disagreement concerning the taxonomic
status of the groups established, and S. Nevski’s treatment of the Elymus-
Agropyron group of the tribe Triticeae has not been unanimously accepted
(Bowden, 1965; Runemark, Heneen, 1968, etc.).
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The characters of the external morphology on which the splitting in
the genera and species was based by S. Nevski, such as caespitose or
rhizomatous nature of plants, the size of anthers, the shape of caryopses,
palea and glumes, etc., vary widely within natural populations and none
of them could be used unambiguously to establish distinct Limits between
the taxa. The taxonomic position of many species remains questionable
and their treatment depends on the characters taken into account and
considered to be more important by a systematist.

This indicates the need for continuing search for further characters
which could be used to delimitate the taxa in the Elymus-Agropyron group
and establish real phylogenetic relationships between them.

In this paper we have studied polyacrylamide gel electrophoretic
patterns of seedling acid phosphatases and esterases in the species of the
genus Elytnus L. s. str. as compared with those for a group of wheat-
grass species separated by S. Nevski in the genus Roegneria. It will be
shown that many of the caespitose wheatgrass species belonging to the
Roegneria group are phylogenetically, judging by isoenzyme data, much
more closely related to E. sibiricus L., the type species of the genus
Eiymus L., than to the Elytrigm or Eu-Agropyron groups of the genus
Agropyron, and should be treated as belonging to the genus Eiymus L.

It will also be shown that caespitose wheatgrasses in North America
are more closely related to Eiymus canadensis L. than to Eurasian
caespitose wheatgrasses of the Roegneria group. Three major sub-groups
can tentatively be distinguished in the genus Eiymus L. on the basis of
the esterase electrophoretic patterns, while a part of species should be
removed from the genus Eiymus L. and treated as belonging to the genera
Leymus Hochst. and Psathyrostachys Nevski.

Materials and methods

Plant material. The taxa and seed accessions involved in the present
study and their origin are listed below. Plants have been grown in a field
nursery for all the seed accessions received in a condition not allowing
their identification. The accessions studied have been identified with the
aid of available monographs. The botanical names are given in accordance
with the results of the present study, i. e. the caespitose wheatgrasses of
the Roegneria group are treated as belonging to the genus Eiymus
L. However, the old, more common synonyms are also presented to avoid
any confusion.

1. Eiymus sibiricus L., 1753: accession R 16/71, a reproduction of seeds
originating from South-East Altai, received from the Arcto-Alpine Botani-
cal Garden in Kirovsk (USSR); accession R 19/71, a seed reproduction
of Siberian origin, received from the Botanical Garden of Novosibirsk
(USSR); accession R 40/71 a reproduction of seeds collected in Japan
(Hokkaido, 1957), received from Dr. S. Sakamoto (Kyoto, Japan).

2. Eiymus dahuricus Turcz. ex Griseb., 1852, s. 1., inch var. excelsus
(Turcz.) Roshev., 1923, based on E. excelsus Turcz. ex Griseb., 1852:
accession R 33/71, a reproduction of seeds collected in the Krasnoyarsk
Krai, (USSR) received from the Botanical Garden of Novosibirsk;
accession R 36/71, a reproduction of unspecified Siberian origin, received
from the Botanical Garden of Novosibirsk; accession LP 3/71 original
seeds collected in the Primorsk Krai (foot-hills in the region of the moun-
tain Sugan) by Dr. Nina Probatova (Vladivostok), accession LP 4/71
original seeds collected in the Primorsk Krai (at the river Saifun) by
Dr. Nina Probatova.
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3. Elymus tangutorum (Nevski) Hand.-Mazz., 1936: accession R 69/71,
a seed reproduction of unknown origin, received from the Botanical Garden
in Vacratot (Hungary).

4. Elymus canadensis L., 1753: accession RL 1/70, a reproduction of
seeds collected at the Ontario Province, Canada (banks of the Mississippi
River), received from the Canadian Department of Agriculture (Ottawa,
Canada); accession R 3/72, a reproduction of unspecified Canadian origin,
received from the Botanical Garden of Montreal (Canada); accession
RD-10, a reproduction of seeds originating from the state Montana (USA),
received from the United States Department of Agriculture (Washington,
Pullmann, USA) under the P. I. 232249 via Dr. D. Dewey (Utah, USA).

5. Elymus glaucus Buckl., 1862; accession R 71/70, a reproduction
of unspecified Canadian origin, received from the USDA (P. I. 236811);
accession RD-13, a reproduction of seeds originating from the state Idaho
(USA), received from the USDA (P. I. 232263) via Dr. D. Dewey.

6. Elymus virginicus L., 1753, syn. Terrella virginica (L.) Nevski.
1932: accession RL 5/70, a reproduction of seeds collected by T. F. Adams

in Canada (District Ontario), received from the Canadian Department
of Agriculture (Ottawa, Canada); L 9/71 seeds collected in Canada
(District Q. Riviere Ouelle), received from the City of Montreal Botanical
Garden (Canada): R 94/70, a reproduction of unknown origin from the
USDA (P. I. 315864).

7. Elymus caninus (L.) L. 1755, based on Triticum caninum L., 1753,
syn. Agropyron caninum (L.) Beauv., 1812, Roegneria canina (L.) Nevski
1934: accession L 5/71, seeds collected in the Estonian SSR (District
Räpina); accession L 42/72, seeds collected in the Armenian SSR (near
Dilidjan); accession RL 35/69, seeds collected in Denmark (North-West
Seeland), received from the Botanical Garden of Copenhagen (Denmark);
accession RL 2/71, seeds collected in Sweden (Öemevalla, Halland),
received from the Botanical Garden of Lund (Sweden); accession R 7/71,
seeds collected in Finland (Tvärminne) by A. Saarisalo, received from the
Botanical Garden of Helsinki (Finland); accession R 18/70 a reproduction
derived from Italy, received from the USDA (P. I. 252044) via Dr.
D. Dewey, accession R 20/70, a reproduction from Yugoslavia, received
from USDA (P. I. 251417); accession R 22/70, a reproduction from Turkey,
received from the USDA (P. I. 172346).

8. Elymus caninus var. behmii (Meld, in Hvl.) Jaaska, comb, nov.,
basionym; Roegneria behmii Meld, in Hylander, Nordisk kärlväxtflora I,
1953, syn. A. caninum var. behmii (Meld, in Hyl.) B. Nord., 1972: accession

R 9/71, a reproduction of seeds of unspecified Swedish origin, received
from the Botanical Garden of Vacratot (Hungary).

9. Elymus caninus var. donianus (F. B. White) Jaaska, comb, nov.,
basionym: Agropyron donianum F. B. White, Proc. Perthsh. Soc. Nat. Sci.
1893, 1, p. 41, syn. Roegneria doniana (F. B. White) Meld., 1950: RL 8/72
and RD-5, reproductions of seeds derived from Scotland (England).

10. Elymus fibrosus (Schrenk) Tzvel., 1970, based on Triticum fibro-
sum Schrenk, 1845, syn. Agropyron fibrosum (Schrenk) Nevski, 1930 and
Roegneria fibrosa (Schrenk) Nevski, 1934; accession R 126/70, a repro-
duction of unspecified Siberian origin, received from the Botanical Garden
of Novosibirsk (USSR).

11. Elymus kronokensis (Korn.) Tzvel., 1968, s. lat., based on Agro-
pyron kronokense Korn., 1915, non Elymus borealis Scribn., 1900.

11a. Elymus kronokensis var. borealis (Turcz.) Tzvel., 1968, based on
Triticum boreale Turcz., 1856, syn. Agropyron boreale (Turcz.) Drob.,
1916, Roegneria borealis (Turcz.) Nevski, 1934: accession R 17/72, seeds
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collected in North Sweden (Torna, Lappmark), the Botanical Garden of
Uppsala (Sweden); accession LP 8/71, collected in Kamtchatka (District
Olyutorsk) by Dr. Nina Probatova, the diagnostic characters of the plants;
glumes glabrous, abruptly contracted toward tip into a short (up to 1 mm)
awn, lemmas also glabrous, short-awned, longer than glumes;

lib. Elymus kronokensis var. alascanus (Scribn. et Merr.) Jaaska,
comb, nova, basionym: Agropyron alascanum Scribn. et Merr., 1910 (in
Contrib. U. S. Nat. Herb., 13:85): accession LP 7/71, collected in Kamt-
chatka near Petropavlovsk, received from Dr. Nina Probatova. The plants
had the following diagnostic characters: glumes glabrous, with broad
hyaline-scarious margin, abruptly contracted toward tip into a short (up
to 1 mm) awn; lemmas longer than glumes (10—12 mm and 6—B mm,
respectively), short-awned (2 —3 mm), backs densely short-pubescent.

12. Elymus confusus (Roshev.) Tzvel., 1968, based on Agropyron
confusum Roshev., 1924, syn. Roegneria confusa (Roshev.) Nevski, 1934:
accession LP 6/71, seeds collected in Kamtchatka (District Olyutorsk),
received from Dr. Nina Probatova (Vladivostok).

13. Elymus czimganicus (Drob.) Tzvel., 1968, based on Agropyron
czimganicum Drob., 1923, syn. Roegneria czimganica (Drob.) Nevski 1934:
accession R 123/70, a seed reproduction of Central Asian origin (collection
place unknown), received from the Central Botanical Garden in Moscow
(USSR).

14. Elymus transhyrcanus (Nevski) Tzvel., 1972, based on Roegneria
transhyrcana Nevski, 1934, syn. Agropyron transhyrcanum (Nevski) Bond.,
1968; inch Roegneria leptoura Nevski, 1934, syn. Agropyron leptourum
(Nevski) Grossheim, 1939: accession R 64/70, a seed reproduction of
unspecified Iranian origin, received from the USDA (P. I. 229520), acces-
sion RD-6, a seed reproduction of unknown USSR origin, received from
the USDA (P. I. 314199) via Dr. D. Dewey; accession LT 1/72, seeds
collected near Ashkhabad (Turkmenian SSR), received from Dr. P. Tsho-
panov (Ashkhabad).

15. Elymus trachycaulus (Link) Gould et Shinners, 1954, based on
Triticum trachycaulon Link, 1833, syn. Elymus paucif lorus (Schwein.)
Gould, 1947, non Lam. 1791, based on Triticum pauciflorum Schwein.,
1824, syn. Agropyron pauciflorum (Schwein.) Hitchcock, 1934, non Schur,
1859, Roegneria pauciflora (Schwein.) Nevski, 1932, Agropyron trachy-
caulum (Link) Malte ex. H. F. Lewis: accessions RL 7/70 and RL 38/71,
both collected in Canada (Mackenzie District) by W. J. Cody, received
from the Canadian Department of Agriculture: accession R 50/70, a
reproduction of unspecified Canadian origin, received from the USDA
(P. I. 183009); accession RD-20, a reproduction of seeds derived from
Utah (USA), received from Dr. D. Dewey.

16. Elymus nipponicus Jaaska, norm nov., basionym: Agropyron
yezoense Honda, in Bot. Mag. Tokyo, 1929, 43, p. 292, non Elymus
yezoensis Honda, 1930 (in J. Fac. Sci. Univ. Tokyo, sect. 111 1, p. 16):
accession R 8/72, a reproduction of seeds from Japan (Hokkaido), received
from Dr. S. Sakamoto (Kyoto, Japan).

17. Elymus ciliaris (Trin.) Tzvel., 1972, based on Triticum ciliare Trin.
1833, syn. Agropyron ciliare (Trin.) Franchet, 1884, Roegneria ciliaris
(Trin.) Nevski, 1934: accession LP 10/71, seeds collected by Dr. Nina
Probatova near Vladivostok (Primorsk Krai).

18. Leymus arenarius (L.) Hochst., 1848, based on Elymus arenarius
L., 1753: L 1/71, seeds collected at sandy sea-shore dunes near the village
of Kabli (District Pärnu, Estonian SSR).
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19. Agropyron cristatum (L.) Beauv., 1812, s. lat, based on Bromus
cristatus L., 1753: a) ssp. cristatum-. RB 4/69, a reproduction of unspecified
Siberian origin, received from the Botanical Garden of Novosibirsk;
b) ssp. pectinatum (Bieb.) Tzvel., 1970, based on Triticum pectinatum
Bieb., 1808, syn. Agropyron pectinatum (Bieb.) Beauv., 1812: accession
L 43/72, seeds collected at the foot-hills of the mountain Kara-Dag in the
Crimea; accession L 51/72, seeds collected south-east of Yerevan (Arme-
nian SSR).

20. Agropyron repens (L.) Beauv., 1812, based on Triticum repens L.,
1753, syn. Elytrigia repens (L.) Desv. 1810: accession L 17/72, seeds
collected in Estonia (Pangodi, District Tartu); accession L 20/72, seeds
collected in the Crimea (cape Kiik-Atlama, District Feodossia).

Biochemical methods: Light-grown green or dark-grown etiolated 6 to
12-day-old seedlings (or stems and leaves separately) were individually
crushed each in 0.2 ml of cold homogenization buffer, containing 0.25 M
sucrose, 0.05 M tris-hydroxymethylaminomethane (Tris), 0.035 M ascorbic
acid, 1 mM EDTA-Na 2Mg and 5 mM cysteine.

After removal of cell debris about 3 —5 mg of Sephadex G-200 were
mixed to the homogenates which were immediately subjected to electro-
phoresis in a polyacrylamide gel slab (60X45X3 mm) made in a vertical
plexiglas cathode chamber by photopolymerizing between two fluorescent
lamps of a freshly prepared mixture composed of 10 per cent acrylamide,
0.15 per cent N,N’-methylene-bisacrylamide, 0.25 M Tris, 0.075 M HCI,
0,2 per cent triethanolamine and 0.5 mg per cent riboflavine-5-phosphate.
The upper cathode buffer contained 0.01 M Tris and 0.08 M glycine,
whereas the lower anode buffer was 0.1 M Tris-acetate at a pH of about
8.9. Six enzyme extracts were layered in the sample slots on the top of
the small-pore gel, and electrophoresis was carried out in a plexiglass-
made refrigerated apparatus at about 15—20 mA per cm 2 of gel surface
for about 2 hours, until the marker dye, bromophenol blue, reached the
end of the gel.

After electrophoresis, the gels were removed from plexiglass chambers
and incubated for 30 min. in 0.2 M maleate buffer, pH 5.2, to reduce pH
in the gel matrix. The gels were then stained histochemically to locate
acid phosphatase and esterase activities by incubating in reaction mixtures
containing 0.5 mg/ml 1-naphthyl phosphate or 1-naphthyl acetate, re-
spectively, as substrates, and 0.02 M freshly hexa-azotized basic fuohsin
(or tetra-azotized o-dianisidine) as the dye coupler in 0.1 M maleate
buffer at a final pH of about 5.2—5.4 (for phosphatases) or 6.0 —6.2 (for
esterases).

The gels were fixed and stored in a mixture of ethanol-acetic acid-
water (20: 10:70) and photographed in a diffuse transmitting light for
a permanent record. The enzyme electrophoretic patterns on polyacryl-
amide gels and their photographs will further be called enzymograms.
Enzymograms were photographically enlarged to a convenient length,
using enzyme bands for the type species, Elymus sibiricus L. on the same
slab as standard markers. For convenience of description, the stained
bands of enzyme activity will be designated by the distances of migration
(D m ) from the origin toward the anode expressed in arbitrary units on
the scale at the left side of the figuie. Each enzymogram designated by
an arabic number is obtained from the tissue extract of a single individual
(seedling).
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Results
Esterases. The enzymograms presented in Fig. 1 reveal the presence,

in seedling tissues, of a series of electrophoretically distinct esterase
fractions of different staining intensity. Electrophoretically discrete
fractions (bands) represent multiple molecular forms of esterase and will
be called isoesterases. Some isoesterases form clusters of closely-spaced
bands and are seen as broad zones. The staining intensity of bands reflects
enzymatic activity of individual isoesterases.

Esterase enzymograms of Elymus sibiricus L., the type species of the
genus Elymus L., show the presence of 5—7 discrete fractions, i.e. iso-
esterases (enzymograms I—6 in Fig. 1). The most characteristic of the
esterase electrophoretic pattern of E. sibiricus are the bands at the
Dm values of about 3.9, 3.5, 2.9 and 2.4. The isoesterase at the Dm of
2.4 appears as a densely stained band indicating its high enzymatic
activity in the green leaves of the light-grown plants. In the etiolated
seedlings this isoestenase is either totally lacking (in stems) or appears
as a weak band (in leaves). Only a limited intraspecific individual
variation restricted mainly to the isoesterases at the D m values of 4.4 and
2.4 has been found in the three seed accessions of E. sibiricus of different
geographic origin studied.

Esterase enzymograms of Roegneria canina (L.) Nevski, the com-
monest species of Roegneria in Europe, reveal considerable intraspecific
variation in isoesterase fractions of medium electrophoretic mobility at
the Dm values ranging from 2 to 3, and in fractions of high mobility
(D m >>4). However, isoesterases at the D m values of 3.9 and 3.5, as a rule,
proved to be invariant in R. canina and in common to E. sibiricus. The
accession P. I. 252044 of Italian origin was the only exception among the
collections of R. canina studied, showing only a scarcely distinguishable
band ai the Dm 3.9 and an additional band of slightly lesser mobility
instead of it (enzymogram 16). The staining intensity of bands of inter-
mediate electrophoretic mobility (D m 2—3) was found to vary widely,
depending on the age and growth conditions of the seedlings as well as
on the genetic determinants. The observed intraspecific variation in the
seedling esterases of R. canina needs a more detailed further study.

Many other Eurasian taxa (linneons) of the genus Roegneria revealed
esterase electrophoretic patterns highly similar to those found in E. sibi-
ricus and R. canina. Thus, the esterase enzymognams of the three taxa of
Roegneria of various geographic origin known as R. behmii (endemic in
Sweden), R. doniana (endemic in Scotland) and R. fibrosa (sporadically
distributed in the European part of the USSR and in Western Siberia)
showed the presence (enzymograms 17—22 in Fig. 1), in addition to the
two diagnostic fsoesterases at the Dm values 3.9 and 3.5, of a broad zone
of highly active isoesterases of medium electrophoretic mobility, also
characteristic of some collections of R. canina (enzymograms 9—12 in
Fig. 1). The two short-awned taxa of arctic distribution, R. borealis and
R. alascana, on the other hand, failed to form a high activity of iso-
esterases of medium electrophoretic mobility in the seedlings, and their
esterase enzymogram proved very similar to that of R. canina of Armenian
origin (not presented) with the two diagnostic isoesterases at 3.9 and 3.5
in common. Esterase enzymograms of the two Roegneria species, mor-
phologically characterized by curved awns and over-all similarity to
E. sibiricus, R. czimganica of Central Asian distribution and R. confusa of
Eastern Asian distribution, proved almost identical with those of E. sibiri-
cus (compare enzymograms I—s1 —5 and 27—30 in Fig. 1). The esterase
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Fig. 1. Esterase enzymograms: Elymus sibiricus R 16/71 (/ —2), R 19/71 (3—4) and
R 40/70 (5), Roegneria canir.a RL 35/69 ( 6—8), L 5/71 ( 9— 10), R 7/71 (11 — 12),
R 22/70 (13), R 20/70 (14—15) and R 18/70 (16), Roegneria behmii R 9/71 (17—18),
Roegneria doniana RD-5 (19 —20), Roegneria fibrosa R 126/70 (21 — 22), Roegneria
borealis R 17/72 (23—24), Roegneria alaseana LP 7/71 (25—26), Roegneria czimganica
R 123/70 (27—28), Roegneria confusa LP 6/71 (29 —30), Roegneria ciliaris LP 10/71

(31—32).
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Fig. 2. Esterase enzymograms: Elymus sibiricus R 16/71 {/ — 2), Elymus glaucus RD-13
(t3—4) and R 71/70 (5—6), Elymus canadensis RL 1/70 (7—8) and RD-10 (9— JO),

Roegneria pauciflora R 50/70 {11 — 12), RL 38/71 {13— 14) and RL 7/70 {15— 16), Elymus
dahuricus LP 3/71 {17— 18) and LP 4/71 (19 —20), Elymus tangutorum. R 69/71 {21—22),
Agropyron yezoense R 8/72 {23—24), Leymus arenarius L 1/71 {25—26), Elymus sibiricus
R 40/71 {27—28), Elytrigia repens L 17/72 {29) and L 20/72 (30), Agropyron cristatum

RB 4/69 (31—32),
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Fig. 3. Phosphatase enzymograms; Elymus sibiricus R 16/71 (/ — 2), R 19/71 (5—4) and
R 40/71 {s—6), Roegneria canina L 5/71 (7—B), R 7/71 {9—lo), R 22/70 {11), R 20/70
{12— 13) and R 18/70 {14— 15), Roegneria behmii R 9/71 {16— 17), Roegneria doniana
RD-5 (/5— 19), Roegneria fibrosa R 126/70 {20— 21), Roegneria borealis R 17/72 {22—23) ,

Roegneria alascana LP 7/71 {24— 25), Roegneria czimganica R 123/70 {26— 27), Roegneria
confusa LP 6/71 {28—29), Roegneria ciliaris LP 10/71 {30—31).
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Fig. 4. Phosphatase enzymograms: Elymus sibiricus R 16/71 (/ — 2), Elymus glaucus
RD-13 (5 —4) and R 71/70 (5—5), Elymus canadensis RL 1/70 (7—5) and RD-10 (9— 10),
Roegneria pauciflora R 50/70 (II — 12), RL 28/71 (13 — 14) and RL 7/70 (15 — 16), Elymus
dahuricus LP 3/71 (17 — 18) and LP 4/71 (19—20), Elymus tangutorum R 69/71 (21 —22),
Agropyron yezoen.se R 8/72 (23 —24), Leymus arenarius L 1/71 (25—26), Elymus sibiricus
R 40/71 (27— 28), Elytrigia reper.s L 17/72 (29), and L 20/72 (30 —31), Agropyron

cristatum RB 4/69 (32).
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enzymogram of R. ciliaris (31 —32 in Fig. 1), a Far-East Asian
species, also having curved awns but morphologically more divergent
from E. sibiricus, however, proved different from those previously con-
sidered by lacking the characteristic doublet of isoesterases at the Dm
values 3.9 and 3.5.

In conclusion, the results presented in Fig. 1 show that a large group
of Eurasian caespitose wheatgrass species and E. sibiricus L., the type
species of the genus Elymus L., possess similar esterase electrophoretic
patterns with two isoesterases in common to all taxa. Esterase enzy-
mograms of the two wheatgrass species, R. confusa and R. czimganica, are
essentially identical with those of E. sibiricus.

Enzymograms 1 —lO in Fig. 2 compare esterases of the two North-
American species of the genus Elymus, E. glaucus and E. canadensis, with
those of the Asian species, E. sibiricus, It can be seen that, of the two
diagnostic isoesterases at the Dm values 3.5 and 3.9 characteristic of
E. sibiricus (enzymograms I—21 —2 in Fig. 2), the isoesterase at 3.5 is lacking
in the North-American species, while the second isoestenase at 3.9 is, as a
rule, less active than in Eurasian species or shows a shift in electro-
phoretic mobility.

The esterase enzymograms (11 —l6 in Fig. 2) of the North American
slender wheatgrass Roegneria pauciflora {—Agropyron trachycaulum )

proved very similar to or, in some cases, even essentially undistinguishable
from those of the Canada wild-rye, Elymus canadensis (7 —10 in Fig. 2).
Indeed, esterase enzymograms of the North-American slender wheatgrass
are more similar to those of the Canada wild-rye than to those of Eurasian
caespitose wheatgrasses of the Roegneria group. Moreover, seedling
esterase enzymograms (not presented) of the Virginia wild-rye, Elymus
virginicus, proved to be identical with those of the Canada wild-rye, E.
canadensis. These data provide a new evidence in favour of a close phylo-
genetic relationship between the North-American wild-ryes and the North-
American caespitose wheatgrasses of the Roegneria group, the view which
has been expressed by D. Dewey (1966a, 1967) on the basis of his cyto-
genetic studies of meiotic chromosome pairing in interspecific hybrids.

Esterase enzymograms of the North-American species can be considered
as consisting of two groups of isoesterases. The first group consists of
fast-moving isoesterases of the Dm values extending from 3.5 to 4.6. The
isoesterases of this group are highly active in green or etiolated leaves
of seedlings of some collections and appear in enzymograms (3 —4, 7—lo,
13—14 in Fig. 2) as a broad intensely stained zone which actually consists
of several closely spaced isoesterase bands. However, not all wild-rye and
wheatgrass collections possessed the ability to develop a high activity of
fast-moving isoesterases in the leaf tissue (enzymograms 5—6, II —l2 and
15—16 in Fig. 2). In these cases esterase enzymograms of the leaf tissue
remain similar to those of the stem tissue, and individual esterase isoforms
could be better distinguished.

The second group of isoesterases possessing intermediate electro-
phoretic mobilities (D m 2—3) also showed intraspecific variability in both
the activity and electrophoretic mobility of individual isoesterases. The
meaning of this variation remains to be elucidated.

Elymus dahuricus, a wild-rye species of Asian distribution pattern,
revealed esterase enzymograms (17—20 in Fig. 2) different from all those
considered above. The data presented exemplify significant differences in
esterase enzymograms between different collections of E. dahuricus
(s. lat.). This variation in isoesterase patterns, however, did not correspond
with the division of E. dahuricus s. lat. into two morphological forms
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previously related to separate linneons E. dahuricus s. str. and E. excelsus
s. str.

Esterase enzymograms of E. tangutorum (21 —22 in Fig. 2), a Central
Asian species, reveal features of similarity to those of E. dahuricus, thus
supporting previous indications (Цвелев, 1968) of a close phylogenetic
relatedness of the two taxa based on the similarity of their morphological
characters. It was, however, intriguing to find the esterase enzymograrn
of A. yezoense (23 —24 in Fig. 2), a caespitose wheatgrass endemic in
Japan, to be highly similar to that of E. tangutorum. Most isoesterases of
the two species proved to be electrophoretically similar, thus indicating
their genetic relatedness with several esterase loci in common. A more
detailed study of esterase variation in the Far-East and Central Asian
Roegneria species is in progress at present.

Enzymograms 25—32 in Fig. 2 compare seedling esterases of Leymus
arenarius the type species of the genus Leymus, of Elymus sibiricus
the type species of the genus Elymus, of Elytrigia repens the type spe-
cies of the genus Elytrigia, and of Agropyron cristahim the type species
of the genus Agropyron s. str. Considerable differences in tHe seedling
isoesterase electrophoretic patterns of the type species of the four Triticeae
genera are evident from the data. The two diagnostic isoesterases of E.
sibiricus at the Dm values 3.9 and 3.5 are lacking in seedlings of other
three type species. Esterase enzymograms of Leymus arenarius, Elytrigia
repens and Agropyron cristatum are all divergent from each other as well
as from those found for the wheatgrasses of the Roegneria group and for
the wild-ryes of the genus Elymus s. str. From this evidence it clearly
follows that the caespitose wheatgrass species of the Roegneria group
which share the two diagnostic isoesterases, 3.9 and 3.5 in common with
E. sibiricus are genetically divergent from the Elytrigia and Eu-Agropyron
groups of the genus Agropyron Gaertn. s. lat. and, thus, should be pre-
ferentially treated as belonging to the genus Elymus L.

Acid phosphatases. Fig. 3 presents seedling phosphatase enzymograms
of Elymus sibiricus L. as compared with those of Eurasian caespitose
wheatgrasses referred to the genus Roegneria C. Koch. The data reveal
general similarity of acid phosphatase enzymograms of Elymus sibiricus
and of the Roegneria group wheatgrasses which all, as a rule, share two
major isophosphatases characterized by the Dm values at about 3.6 and
2.8. The relative staining intensity of the two bands varied considerably,
depending on the age and growth conditions of the seedlings. Occasionally,
the band at 2.8 was lacking in seedlings of some collections. Variation
among the taxa and accessions studied was observed in fractions of slower
electrophoretic mobility with the Dm values ranging from 1.0 to 2.5. The
intensity of this group of phosphatase bands was found to depend signi-
ficantly on the seedling age and growth conditions, and their taxonomic
value seems questionable.

Variation was also observed in the phosphatase band at the D m value
of about 4.0. Thus, in different collections of R. canina studied, the activity
of this isophosphatase varied considerably from a complete absence
(enzymograms 5—6 and 14—15) to a dominant band (enzymograms 7—B).
This isophosphatase band was lacking in the strains of E. sibiricus studied.

Three awnless (or short-awned) wheatgrasses known as R. behind,
R. doniana and R. fibrosa revealed highly similar phosphatase enzymo-
grams with three major isophosphatases at 4.2, 3.6 and 2.8 in common. The
seedling phosphatase patterns of the two curved-awned species, R. czimga-
nica and R. confusa, are similar to those of E. sibiricus and R. canina. The
third curved-awned species distributed in the far-east of Asia, R. ciliaris,
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revealed the isophosphatase at the D m 3.6 in common with other Roegneria
species, but differed from them in possessing two closely spaced isophos-
phatase bands at the Dm values of about 2.6 and 2.4.

The North-American species, E. glaucus, E. canadensis and R. pauci-
flora, reveal overall similarity of their seedling acid phosphatase enzy-
mograms (3—16 in Fig. 4) with those of E. sibiricus (enzymograms I—2
in Fig. 4). The two isophosphatases at the D m 3.6 and 2.8 characteristic of
E. sibiricus as well as of Eurasian Roegneria species (see Fig. 3) were
also present, although not always, in the seedlings of E. glaucus and
R. pauciflora (enzymograms 3—4 and 11—l6 in Fig. 4). The staining
intensity of this isophosphatase band is low in enzymograms of E. cana-
densis presented in Fig. 4, and an isophosphatase of slightly higher
electrophoretic mobility also encountered in seedlings of E. glaucus and
R. pauciflora is evident. The isophosphatase band at 2.8 was also found
in most collections studied, although its staining intensity varied con-
siderably. It should be noted that the relative staining intensity of the
individual isophosphatase fractions reflecting their activity varied con-
siderably, depending not only on the collection studied but also on the
seedling age and growth conditions, as well as on the pH of the reaction
mixture for the histochemical stain. In addition, shifts in the electro-
phoretic mobility of isophosphiatase bands from the standard values are
evident from the data in Fig. 4.

Acid phosphatase pattern of E. virginicus (not presented) proved to
be identical with that of E. canadensis, with major isophosphatase bands
in common to both species.

Seedlings of E. dahuricus (s. lat.) were found (enzymograms 17—20
in Fig. 4), to contain the same major isophospibatases judging by the
similarity of their electrophoretic mobilities, in common with other species
of Elymus and Roegneria considered above. Enzymograms of Elymus
tangutorum and Agropyron yezoense (21 —24 in Fig. 4) were found to be
of the same type.

Enzymograms 25—32 in Fig. 4 compare seedling acid phosphatase
electrophoretic patterns of type species of four Triticeae genera Leymus
arenarius (L.) Hochst., E. sibiricus L., Elytrigia repens (L.) Desv. and
Agropyron cristatum (L.) Beauv. Enzymograms of Leymus arenarius
reveal two closely spaced major isophosphatase bands which are electro-
phoretically distinctly different from those characteristic of E. sibiricus.
No isophosphatase band was found in common to the two species.
This evidence strongly supports the removal from the genus Elymus L.
of a group of species comprising the section Psammelymus Griseb. in
Ledeb. with Elymus arenarius L. as the sectional lectotype into a separate
genus Leymus Hochst. with Leymus arenarius (L.) Hochst. as the type
species.

The three type species, Elymus sibiricus, Elytrigia repens and Agro-
pyron cristatum, were found to share one isophosphatase band of similar
electrophoretic mobility at about 2.8. They were, however, found to differ
with respect to isophosphatases of higher electrophoretic mobility.

Discussion

The results of the present, study derived from esterase and phosphatase
electrophoretic patterns provide strong experimental evidence in support
of the view expressed by S. Nevski (Невский, 1933, 1941), N. Tzvelev
(Цвелев, 1964, 1968, 1970, 1972) and D. Dewey (1966, 1967) that the
caespitose wheatgrass species attributed by Š. Nevski to the genus
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Roegneria C. Koch are phylogenetically much more closely related to the
genus Elymus L. s. str. than to the wheatgrasses grouped in the genera
Agropyron Gaertn. s. str. and Elytrigia Desv., and, thus, should be taxo-
nomically treated as belonging to the genus Elymus L. s. lat. On the basis
of esterase electrophoretic patterns, the species of Elymus L. s. str. and
Roegneria C. Koch studied were found to form three major clusters of
genetically closely related species which can be taxonomically treated as
sections of the genus Elymus L. s. lat., involving the taxa studied as
follows:

1. Section Elymus, involving E. sibiricus L. (type species), E. confusus
(Roshev.) Tzvel., E. czimganicus (Drob.) Tzvel., E. caninus (L.) L. var.
caninus, E. caninus var. behmii (Meld, in Hyl.) Jaaska (comb, nov.),
E. caninus var. donianus (F. B. White) Jaaska (comb, nov.), E. fibrosus
(Schrenk) Tzvel., E. kronokensis (Korn.) Tzvel. var. borealis (Turcz.)
Tzvel., E. kronokensis var. alascanus (Scribn. et Merr.) Jaaska (comb,
nov.), E. transhyrcanus (Nevski) Tzvel.

2. Section Turczaninovia (Nevski) Tzvel., 1968, involving Elymus
dahuricus Turcz. ex Griseb., s. lat. (type species), E. tangutorum (Nevski)
Hand.-Mazz., E. nipponicus Jaaska (nom. nov.), E. ciliaris (Trim)
Tzvel.

3. Section Macrolepis (Nevski) Jaaska, comb, nov., (basionym: gen.
Clinelymus Nevski, sect. Macrolepis Nevski, 1932, in Bull. Jard. Bot. Acad.
Sci. URSS, 637), based on the type species E. canadensis L. includes
E. trachycaulus (Link) Gould et Shinners and E. virginicus L.

The most important synonymy for the taxa considered is given in the
chapter “Material and methods” of the present paper.

Our data derived from esterase enzymograms give no reason to
separate the wheatgrass species grouped by S. Nevski (1934) in the section
Cynopoa Nevski of the genus Roegneria, such as Elymus caninus ( =R.
canina), E. kronokensis (= R. borealis) and E. fibrosus (= R. fibrosa),
from the section Elymus of the genus Elymus for which E. sibiricus is the
type species neither into the section Turczaninovia (Nevski) Tzvel. (Цве-
лев, 1968) nor into the section Goulardia (Husn.) Tzvel. (Цвелев, 1970).

The subdivision of the enlarged genus Elymus L. s. lat. presented
above should be considered only as a tentative one, and further more
detailed studies of additional taxa are expected to add important
adjustments. Thus, our preliminary study of a single collection of the type
species of the genus Roegneria, R. caucasica C. Koch, from Armenia, has
revealed its esterase electrophoretic pattern to be qualitatively distinct
from any of the three types of esterase enzymograms reported in the
present study. More detailed study is needed to decide conclusively if R.
caucasica should be maintained in the genus Roegneria or should be
included in a separate section of the genus Elymus L. The same problem
has arisen from the preliminary investigation of Roegneria panormitana
(Bertol.) Nevski and Elymus nutas Griseb. whose esterase patterns were
also found to be different from those of Elymus sibiricus L.

No firm conclusion has been reached with respect to the position of
Elymus ciliaris (Trin.) Tzvel., syn. Roegneria ciliaris (Trin.) Nevski, in
the system of the genus Elymus L. Extensive cytogenetic studies of
S. Sakamoto (Sakamoto, 1964; Sakamoto, Muramatsu, 1966) have demon-
strated a high degree of homology of the tetrapioid genomes of Agropyron
ciliare (Trin.) Franchet and Agropyron yezoense Honda. Our electrophoretic
enzyme studies, however, revealed considerable genetic differences between
a stain of A. ciliare from the Primorsk Krai and a Japanese strain of
.4. yezoense. These differences may result from intraspecific enzyme
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variation which remains to be elucidated for the two species. Since esterase
and phosphatase enzymograms of Agropyron yezoense proved highly
similar to those of Elymus tangutorum, we are inclined to involve the two
Far-East wheatgrass species in the section Turczaninovia (Nevski) Tzvel.
of the genus Elymus L. as E. nipponicus Jaaska (= A. yezoense) and
E. ciliaris (Trin.) Tzvel. {= A. ciliare).

The North-American wild-rye species, E. virginicus L. has been
separated by S. Nevski (Невский, 1932) in the genus Terrella Nevski as
Terrella virginica (L.) Nevski. Although this species, indeed, is morpho-
logically different from the Canada wild-rye, E. canadensis L., esterase
and phosphatase enzymograms of the two species proved highly similar,
providing no evidence of considerable genetic differences in their genomes.
Our data, thus, do not support a separation of E. virginicus in the genus
Terrella Nevski, and they also provide no evidence for its placing in a
separate section Terrella (Nevski) L. and L., as it was proposed by A. Lõve
and D. Love (1961). Instead, our results suggest a close similarity of
genomes of E. virginicus L. and E. canadensis L., despite the existing
differences between them in certain characters of external morphology.
This is in one line with the results of cytogenetic studies by C. Church
(1958), who has produced vigorous, although sterile, Fj plants from crosses
between E. canadensis and E. virginicus with essentially normal meiotic
division and chromosome pairing. Similar data have also been reported
by W. Brown and G. Pratt (1960). The cytogenetic and biochemical data,
thus, support the preferential inclusion of the two taxa in the same section
of the genus Elymus L.

Considerable disagreement exists concerning the place of the North-
American blue wild-rye E. glaucus Buckl. in the system of the genus
Elymus L. It has been placed by S. Nevski (Невский, 1932) in a separate
section, Strictisetum Nevski, of his genus Clinelymus Nevski, while
W. Bowden (1964) included it in the same section with E. sibiricus L. A
wide range of variability in morphological characters accompanied by the
existence of intraspecific genetic barriers of various extent has been
reported (Snyder, 1950) for this species. With respect to the position of
E. glaucus in the genus Elymus, our data proved inconclusive, due to
observed variation in the enzyme patterns of the two accessions available,
indicating the need for a more detailed study.

The genus Elymus L. in the classical sense is treated by many sys-
tematists (Bowden, 1964; Hitchcock, Chase, 1951, etc.) as including the
North-European littoral species E. arenarius L. s. str. and its relatives
grouped in the section Psammelymus Griseb. in Ledeb., as well as several
North-American species, such as E. triticoides Buckl., E. cinereus Scribn.
et Merr. and some other related taxa. Our data which demonstrate
distinctness of both esterase and phosphatase enzymograms of E. arenarius
from those of E. sibiricus, E. dahuricus and E. canadensis which represent
sectional lectotypes of the genus Elymus L., support its removal from the
genus Elymus in a separate genus Leymus Hochst. as L. arenarius (L.)
Hochst. Similarly, our preliminary studies have revealed that esterases
and phosphatases of E. cinereus and E. triticoides differ distinctly from
those characteristic of the three sectional lectotype species of the genus
Elymus, while being electrophoretically much more similar to those of
Psathyrostachys juncea (Fisch.) Nevski. This is in agreement with the
results of recent cytogenetic studies by D. Dewey (1970a), whose data
suggest that the tetraploid genomes of E. triticoides and E. cinereus involve
a composite genome which is closely homologous with the diploid genome
of Psathyrostachys juncea. At the same time, the composite genomes of
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E. canadensis were found (Dewey, 1966b, 1970b) to be distinctly different
from those of E. triticoides and E. cinereus with little if any chromosome
homology. The available cytogenetic and biochemical data, thus, seem to
argue in favour of a removal of E. triticoides and E. cinereus from the
genus Elymus L. either into the genus Leymus Hochst. s. lat. or into the
genus Psathyrostachys Nevski. The latter point, however, remains to be
specified.

Enzyme electrophoretic patterns proved unsuitable for the delimitation
of the species level in the genus Elymus , and only clusters of phylo-
genetically related species and taxa could be distinguished according to
the data. When treating the two endemic wheatgrass taxa, Roegneria
behmii Meld, and Roegneria doniana (F. B. White) Meld, as reduced to
a variety level of E. caninus (L.) L., we proceeded from the recent
important investigation of B. Nordenstam (1972). Roegneria behmii
Meld. a rare local endemic known from a single population in Central
Sweden was found (Nordenstam, 1972) to form fertile natural hybrids of
morphologically intermediate type with occasional individuals of Elymus
caninus (L.) L. in the same population. It seems possible that awnless and
short-awned, narrowly endemic forms of Roegneria described as R. behmii
in Sweden, R. doniana in Scotland, R. doniana var. stefanssonii in northern
Iceland and R. doniana var. virescence in southern Greenland (Melderis,
1950) might have arisen autochthonically from local forms of E. caninus

s. str. as a result of independent mutational events and were maintained
as local populations due to the domination of self-pollination combined
with the founder effect. Indeed, some collections of E. caninus s. str. were
characterized by esterase enzymograms undistinguishable from those
found for the two local endemics. It is thus suggested that E. caninus var.
behmii, E. caninus var. donianus and similar taxa are neoendemics of
post-Pleistocene origin, which have not yet reached the species level of
evolutionary development rather than archaic remnants of the mesophytic
Tertiary flora which have survived the Pleistocene glaciations in local
refugia.

Although significant intraspecific variation in some seedling esterase?
was found among geographically different populations of E. caninus, the
extent of the observed variation within the limits of the section Elymus
consisting of species distributed over the whole Eurasian continent was
astonishingly low. Thus, the two collections of the short-awned Arctic
species E. kronokensis s. lat. (= R. borealis s. lat.), one from northern
Sweden (var. borealis) and the other from Kamtchatka (var. alascanus),
proved indistinguishable by their esterase enzymograms. Elymus sibiricus,
E. confusus and E. czimganicus were found to possess highly similar
seedling esterases.

Only a limited genetic variation in isoesterases was observed among
individuals of the same local population of E. caninus, although differences
between geographically isolated populations were more pronounced. This
is in sharp contrast with the extensive intrapopulational genetic poly-
morphism of the same enzyme, esterase, previously found (Jaaska, 1972)
in the wheatgrass species of the Elytrigia group Agropyron intermedium
(Host) Beauv.

Of special interest is the result that the three major phylogenetic
groupings established in the genus Elymus on the basis of seedling
esterase enzymograms are of a distinct phytogeographic distribution
pattern. The boreal species of predominantly Eurasian distribution form
the section Elymus which is differentiated from the North-American boreal
species referred to the section Macrolepis by genes controlling seedling
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esterases. The third section, Turczaninovia, involves species distributed
in East and Central Asia.

The observed distinct hiatus between the North-American and Eurasian
sections of the genus Elymus, both involving species distributed over wide
continental territories, in the esterase genes suggests prolonged inde-
pendent evolution within the two groups. This has presumably resulted
from the breaking up of the Bering landbridge which has led to phytogeo-
graphical isolation of the two continents. Thus, it seems probable that
contemporary species of Elymus have arisen autochthonically on each
continent as a result of independent differentiation and speciation events.

The species of both sections are known to be exlusively tetraploid
plants. Two alternative hypotheses about their independent origin on each
continent can be suggested: (i) origin from different diploid precursors
as a result of independent polyploidisation events, or (ii) differentiation
from a common tetraploid precursor.

Recent cytogenetic studies of D. Dewey (1968) have shown that the
North-American Elymus canadensis can successfully be crossed with the
European species Elymus caninus to form viable hybrids of a morpho-
logically intermediate type which, although sterile, show fairly good
chromosome pairing. The data show that both genomes of E. canadensis
are closely homologous with those of E. caninus. Overall similarity in
seedling acid phosphatase enzymograms of all sections of the genus
Elymus also suggests that divergence of the basic genomes has not been
very extensive and that they have retained considerable homology.

Available evidence seems to favour the hypothesis according to which
contemporary species of the genus Elymus have been diverged autoch-
thonically on each continent from genetically more closely related tetraploid
precursors, which, presumably, have arisen from the diploids before the
breaking up of the Bering landbridge and were members of the Mesophytic
forest flora widely distributed on both continents in the Late Cretaceous
and Early Tertiary.

Summary

Polyacrylamide gel electrophoretic patterns (enzymograms) of seedling
esterase and phosphatase show that a large group of caespitose wheat-
grass species previously referred to the genus Roegneria C. Koch sensu
Nevski are phylogenetically much more closely related to the genus
Elymus L. s. str. than to the wheatgrasses of the genera Agropyron Gaertn.
s. str. and Elytrigia Desv. On the basis of esterase enzymograms, the spe-
cies of Elymus L. s. str. and Roegneria C. Koch studied were found to
fall into three major clusters of phylogenetically closely related species
which were taxonomically treated as sections of {he genus Elymus L. The
basic section Elymus with E. sibiricus L. as type species involves Eurasian
boreal wheatgrass species such as E. confusus (Roshev.) Tzvel., E. czim-
ganicus (Drob). Tzvel., E. caninus (L.) L. s. lat., E. fibrosus (Schrenk)
Tzvel., E. kronokensis (Kom.) Tzvel. s. lat. and E. transhyrcanus (Nevski)
Tzvel. The North-American boreal species E. virginicus L. and E. trachy-
caulus (Link) Gould et Shinners, together with E. canadensis as the
sectional type, iare regarded in the section Macrolepis (Nevski) Jaaska,
comb. nov. The section Turczaninovia (Nevski) Tzvel. with E. dahuricus
Turcz. ex Griseb. s. lat. as type species combines E. tangutorum (Nevski)
Hand.-Mazz., E. nipponicus Jaasika, nom. nov. and E. ciliaris (Trim)
Tzvel.
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Electrophoretic enzyme data substantiate the removal from the
classical genus Elymus L. of a part of species in the genus Leymus
Hochst. s. lat.
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Vello JAASKA
ENSÜÜMIDE VARIEERUVUS JA FÜLO GEN EETILISED SEOSED

KÕRRELISTE PEREKONDADES AGROPYRON GAERTN. JA ELYMUS L.
IL Perekond ELYMUS L.

Resümee
Idandite esteraasi ja happelise fosfataasi polüakrüülamiidgeelelektroforeetiilise

uurimise andmed (ensümogrammid) näitavad, et suur rühm orasheina liike, mis seni olid
koondatud perekonda Roegneria C. Koch sensu Nevski, on märksa lähemas fülogeneetilises
suguluses perekonnaga Elymus L. s. str. kui perekondadega Agropyron Gaertn. s. str. ja
Elytrigia Desv. Esteraasi ensümogrammide alusel jagunesid uuritud Elymus L. s. str.
ja Roegneria C. Koch liigid kolme põhilisse fülogeneetilisse liikide rühma, mida käes-
olevas töös käsitletakse perekonna Elymus L. sektsioonidena.

Tüüpliigil E. sibiricus L. baseeruv põhisektsioon Elymus hõlmab Euraasia boreaalseid
orasheinaliike E. confusus (Roshev.) Tzvel., E. czimganicus (Drob.) Tzvel., E. caninus
(L.) L. s. !at., E. fibrosus (Shrenk) Tzvel., E. kronokensis (Kom.) Tzvel. s. lat. ja
E. transhyrcanus (Nevski) Tzvel. Sektsioon Macrolepis (Nevski) Jaiaska, comb, nov., miis
on loodud tüüpliigi E. canadensis L. baasil, hõlmab Põhja-Ameerika boreaalseid liike
E. virginicus L. ja E. trachycaulus (Link) Gould et Shinners. Sektsiooni Turczaninovia
(Nevski) Tzvel., mille aluseks on tüüpliik E. dahuricus Turcz. ex Griseb. s. kat., koondati
Kesk-Aasias ja Kaug-Idas levinud liigid E. tangutorum (Nevski) Hand.-Mazz., E.
nipponicus Jaaska, nom. nov. ja E. ciliaris (Trin.) Tzvel.

Ensüümide elektroforeetilise uurimise tulemused kinnitavad seisukohta, et perekonnast
Elymus L. tuleb osa liike üle vita perekonda Leymus Hochst, s. lat.

Eesti NSV Teaduste Akadeemia Toimetusse saabunud
Zooloogia ja Botaanika Instituut 26. II 1973

Велло ЯАСКА
ИЗМЕНЧИВОСТЬ ФЕРМЕНТОВ И ФИЛОГЕНЕТИЧЕСКИЕ СВЯЗИ В РОДАХ

ЗЛАКОВ AGROPYRON GAERTN. И ELYMUS L.
11. Род ELYMUS L.

Резюме

Сравнительное изучение эстеразы и кислой фосфатазы проростков методом элект-
рофореза в полиакриламидном геле показало, что большая группа дернистых пыреев,
ранее отнесенных к роду Roegneria С. Koch sensu Nevski, филогенетически намного
ближе к роду Elymus L. s. str., чем к пыреям родов Agropyron Gaertn. s. str. и Ely-
trigia Desv. По энзимограммам эстеразы изученные виды Elymus L. s. str. и Roegneria
C. Koch (sensu Nevski) подразделялись на три основные группы филогенетически бли-
зкородственных видов, которые были признаны как секции рода Elymus L. Основная
секция Elymus с Е. sibiricus L. в качестве типа включает бореальные виды Евразии
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E. confusus (Roshev) Tzvel., E. czimganicus (Drob.) Tzvel., E. caninus (L.) L. s. lat.,
E. fibrosus (Schrenk) Tzvel., E. kronokensis (Kom.) Tzvel. s. lat. и E. transhyrcanus
(Nevski) Tzvel. Североамериканские бореальные виды E. virginicus L. и E. trachycaulus
(Link) Gould et Stunners вместе с E. canadensis L. в качестве типа включены в секцию
Macrolepis (Nevski) Jaaska, comb. nov. В секцию Turczaninovia (Nevski) Tzvel. с типом
Е. dahuricus Turcz. ex Griseb. S. lat. включены E. tangutorum (Nevski) Hand.-Mazz.,
E. nipponicus Jaaska, nom. nov. и E. ciliaris (Trin.) Tzvel.

Электрофоретические признаки эстераз и фосфатаз проростков подтверждают обо-
снованность выделения из классического рода Elymus L. части видов в род Leymus
Hochst. s. lat.

Институт зоологии и ботаники Поступила в редакцию
Академии наук Эстонской ССР 26/П 1973
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	ПРОИСХОЖДЕНИЕ ТЕТРАПЛОИДНЫХ ПШЕНИЦ ПО ДАННЫМ ЭЛЕКТРОФОРЕТИЧЕСКОГО ИЗУЧЕНИЯ ФЕРМЕНТОВ
	Рис. 1. Энзимограммы эстеразы в полиакриламидном геле: 1 Т. boeoticum К-27141, 2 Т. boeoticum К-27153, 3 Т. monococcum К-35915, 4 Т. monococcum К-39420, õ Т. boeoticum LJ-42/71, 6 Т. boeoticum К-27153, 7—B Т. urartu LJ-58/72, 9 Т. boeoticum К-27159, 10 Т. boeoticum LJ-42/71, И Т. boeoticum К-27148, 12 Т. boeoticum LJ-45/71, 13 Т. dicoccoides К-28132, 14 Т. boeoticum К-27134, 15 Т. dicoccoides К-26118, 16 Ae. speltoides К2, 17 Т. araraticum К-30234, 18 Т. monococcum var. hornemanni, 19 Т. timopheevi К-2Э548, 20 Т. boeoticum К-27141, 21 Ae. speltoides K-2, 22 Г. boeoticum К-27134, 23 Т. dicoccoides К-26118, 24 Ae. speltoides K-2, 25 T. araraticum К-30234, 26 T. dicoccoides К-5198, 27 Т. dicoccoides К-26117, 28 Т. dicoccoides К-21582, 29 Т. dicoccoides К-26117, 30 Т. dicoccoides К-5201, 31 Т. dicoccoides К-5198, 32 Т. dicoccoides K-41965, 33 Т. dicoccoides К-17157, 34 Т. dicoccoides К-42632.
	Рис. 2. Энзимограммы эстеразы в полиакриламидном геле. Ae. speltoides: I—B К.-2, 9 К-453, 10 К-198, 11 G-768, 12 G-712, 13—14 G-768, 17 К-2: Ae. bicornis; 15—16 G-1423; Ae. mutica: 18—22 К-200, 23—31 LJ-59/72.
	Рис. 3. Энзимограммы кислой фосфатазы в полиакриламидном геле: 1 Т. boeoticum LJ-43/71, 2 Т. boeoticum К-27154, 3 Т. boeoticum К-26239, 4 Т. пгопоcoccum К-35915, 5 Т. monococcum К-39420, 6 Т. urartu К-33870, 7 Т. boeoticum К-27154, 8 Т. dicoccoides K-261i8. 9 Т. araraticum К-30216, 10 Т. dicoccoides К-5198, 11 Т. dicoccoides К-26117, 12 Т. dicoccum К-21582, 13 Т. palaeo-colchicum К-28162, 14 Т. dicoccoides К-5201, 15 Т. dicoccoides К-5198, 16 Т. dicoccoides К-41965, 17 Т. boeoticum К-27134, 18 Т. dicoccoides К-5198, 19 Т. araraticum LJ-56/72, 20 Ae. speltoides G-768, 21 T. monococcum var. hornemanni, 22 T. timopheevi K-29548, 23 T. boeoticum K-27134, 24 Ae. speltoides K-2, 25, 29 T. carthlicum K-14027, 26 T. boeoticum K-40117, 27,30 T. araraticum К-30216 X T. boeoticum K-27154, 28 T. boeoticum No. 201 X T. araraticum K-30216, 31 T. araraticum K-30234 X T. palaeo-colchicum, 32 T. araraticum K-41907 X T. boeoticum K-27154.
	Рис. 4. Энзимограммы кислой фосфатазы в полиакриламидном геле: I—ll Ае. speltoides G-978, 12 Т. dicoccoides К-26117, 13 Ae. speltoides G-768, 14 Ае. bicornis G-1424, 15 Ae. longissima К-378, 16 Ae. sharonensis К-203, 17—18 Ае. speltoides G-724, 19 Т. dicoccoides К-5198, 20 Т. dicoccoides К-26117, 21—22 Ae. mutica LJ-59/72, 23—26 Ae. mutica К-200, 27—30 Ае. mutica К-646.

	АКТИВНОСТЬ ФЕНИЛАЛАНИН-АММОНИЙ-ЛИАЗЫ И НАКОПЛЕНИЕ АНТОЦИАНОВ В ПРОРОСТКАХ РЖИ И РЕДИСА
	Рис. 1. Кинетика изменения активности ФАЛ в первичном листе проростков ржи. I интактные проростки (освещенные); 2 изолированный первичный лист (освещенный); 3 неосвещенные интактные проростки. Начало освещения указано стрелочкой, продолжительность освещения жирными горизонтальными линиями под кривыми.
	Рис. 2. Кинетика изменения активности ФАЛ в гипокотилях проростков редиса. 1 интактные проростки (освещенные); 2 изолированные гипокотили (освещенные); 3 неосвещенные интактные проростки. Начало освещения указано стрелочкой, продолжительность освещения жирными горизонтальными линиями над кривыми.
	Рис. 3. Влияние фенилаланина (Ф), азотнокислого аммония (А) и глюкозы (Г) на активность ФАЛ в первичном листе ржи и гипокотилях редиса, % от контроля. Линия 100% (контроль) соответствует следующим уровням активности ФАЛ (мкг коричной к-ты/проросток в ч): интактные проростки ржи 7,5; изолированный первичный лист ржи 3,3; интактные проростки редиса 0,9; изолированные гипокотили редиса 2,6.
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	О ДИНАМИКЕ ОТНОСИТЕЛЬНОЙ КОНЦЕНТРАЦИИ НЕКОТОРЫХ МОЗАИЧНЫХ ВИРУСОВ И ИНТЕНСИВНОСТИ СИМПТОМОВ ЗАБОЛЕВАНИЯ
	Рис. 2. Динамика ОК и интенсивность симптомов BNtaK в растениях Nicotiana gluiinosa L. после инокуляции (/ инокулированные, 2 верхушечные листья). 1 балл —проявившиеся первичные симптомы, 2 балла установившиеся симптомы слабой интенсивности, 3 балла установившиеся симптомы средней интенсивности и 4 балла установившиеся симптомы высокой интенсивности со всеми компонентами реакции на данном виде растения.
	Рис. 3. Динамика OK ii интенсивность симптомов BNtaK в растениях Nicotiana tabacum L. после инокуляции (1 ннокулированные, 2 верхушечные листья).
	Рис. 4. Динамика OK и интенсивность симптомов BNtaK в растениях Nicandra physaloides L. после инокуляции (/ иноку – лированные, 2 верхушечные листья).
	Рис. 1. Некрозы на листьях Solatium chacoense L., зараженных BYK.
	Рис. 5. Симптомы заболевания на растениях Nicotiana glutinosa L., зараженных BNtaK. 1 пятимесячная инфекция, 2 четырехмесячная инфекция, 3 трехмесячная инфекция, 4 одномесячная инфекция, 5 здоровый лист, 6 двухмесячная инфекция.
	Рис. 6. Некрозы на вигне (Vigna sinensis Endi.), зараженной BNrK (справа) и BNtaK (слева).
	Рис. 7. Динамика ОК и интенсивность симптомов ВОМэ в растениях Nicotiana glutinosa L. после инокуляции (/ инокулированные, 2 верхушечные листья).
	Рис. 8. Динамика OK и интенсивность симптомов BYK в верхушечных листьях Nicotiana glutinosa L. после инокуляции.
	Рис. 9. Сравнение OK BYK в растениях Nicotiana glutinosa L. при инфекции 6 изолятами вируса, изолированных из картофеля сорта ’Остботе’ (/), ’Яакко’ (4), сеянцев ’954/52ХАквила’ (2), ’Приекульский раннийХАгрие’ (<?), ’КамеразХАгрие’ (5) и вида Solatium andigenum L. (6).
	Рис. 10. Динамика ОК и интенсивность симптомов ВХК в растениях Nicotiana glutinosa L. после инокуляции (/ инокулированные, 2 верхушечные листья).
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	К ВОПРОСУ ИЗУЧЕНИЯ ВИРУСА АСПЕРМИИ ТОМАТА
	Рис. 1. Веточка томата, пораженная вирусом.
	Рис. 2. Локальные пятна на листе Chenopodium guinea.
	Рис. 3. Локальные некрозы на листе Nicandra physaloides.
	Рис. 4. Некрозы на Gomphrena globosa.
	Рис. 5. Растения Callistephus chinensis. Слева здоровое, справа больное растение.
	Рис. 6. Цветы хризантемы, пораженной вирусом.
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	Рис. 7. Листья Nicotiana affinis. Слева больной, справа здоровый. Рис. 8. Растения Nicotiana glutinosa с симптомами системной инфекции.
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	Рис. 9. Листья N. glutinosa, пораженные вирусом. Рис. 10. Цветы N. glutinosa. Слева здоровые, справа пораженный.
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	Рис. 11. Листья Nicotiana tabacutn, сорт ’White Burley’. Слева здоровый, справа больной лист.
	Рис. 12. Лист Petunia hybrida с симптомами инфекции.
	Рис. 13. Цветы Petunia hybrida, пораженные вирусом.
	Рис. 14. Листья Physalis floridana. Слева больной, справа здоровый.
	Рис. 15. Листья Solatium nigrum. Слева здоровый справа больной.

	СОДЕРЖАНИЕ ГЛИЦЕРИНА В ЗИМУЮЩИХ ЛИЧИНКАХ APANTELES GLOMERATVS L. В СВЯЗИ С ИХ ХОЛОДОСТОЙКОСТЬЮ
	Рис. 1. Изменение содержания глицерина (/) и ТП (2) в личинках Арапteles glomeratus L.
	Рнс. 2. Зависимость ТП от концентрации глицерина в личинках Apanteles glomeratus L.

	НУКЛЕОТИДНЫЙ СОСТАВ РНК ЛИМФОЦИТОВ ЛИМФЫ ГРУДНОГО ПРОТОКА ОВЕЦ И ВЛИЯНИЕ НА НЕГО ГИДРОКОРТИЗОНА
	Untitled

	СПИСОК РАДИОУГЛЕРОДНЫХ ДАТИРОВОК ИНСТИТУТА ЗООЛОГИИ И БОТАНИКИ АКАДЕМИИ НАУК ЭСТОНСКОЙ ССР
	Untitled

	ПОЛИЭМБРИОНИЯ У РАПСА
	Рис. 1. Прорастающее двухзародышевое семя с корешками различной длины. Увелич. 15Х. Fig. 1. The germinating twin seed with roots of different size. Magnif. 15X
	Untitled
	Рис. 2. Близнецовые проростки из одного семени, значительно различающиеся по величине. Увелич. 6Х. Fig. 2. Twin seedlings of different size from one seed. Magnif. 6X Рис. 3. Проросток с двумя корешками (один из корней изогнут, другой недоразвит) Увелич. 8Х- Fig. 3. The seedling with two roots (one of them is curved, another under-developed) Magnif. 8X
	Рис. 4. Три близнецовых зародыша из одного семени. Увелич. 6Х-Fig. 4. Three embryos from one seed, Magnif. 6X
	Рис. 5. Прорастающее двухзародышевое семя со спонтанным разрывом ткани одного из корней. Увелич. 32Х- Fig. 5. The germinating twin seed with the spontaneous fissure of root tissue in one of the roots. Magnif. 32X
	ÜLELIIDULINE MEREDE SANITAARKAITSE ALANE KONVERENTS
	EESTI NSV TEADUSTE AKADEEMIA ÜLDKOGU ISTUNGJÄRGULT
	EESTI NSV TEADUSTE AKADEEMIA TÄHTSAMATEST TÖÖTULEMUSTEST AASTAIL 1968—1973
	Untitled


	ФИЗИОЛОГИЧЕСКОЕ И ЦИТОГЕНЕТИЧЕСКОЕ ДЕЙСТВИЕ IM-HHTPO3O-N-AJI КИЛ МОЧЕВИН НА ПШЕНИЦУ
	Рис. 1. Мост в анафазе митоза, микроядра в интерфазе (1400Х).
	Рис. 2. Анафаза митоза с фрагментами (1500Х).
	Рис. 3. Отстающая хромосома в поздней анафазе митоза, микроядра в интерфазе (1200Х).
	Рис. 4. Микроядра в клетках, лишенных нормального клеточного ядра (900Х, 1200Х) •
	Рис. 5. Микроядра в клетках, лишенных нормального клеточного ядра (900Х, 1200Х).
	Рис. 6. Массовая экструзия хроматина в мейозе (800Х).
	Рис. 7. Массовая экструзия хроматина в мейозе (800Х).
	Рис. 8. Цитомиксис в мейозе (800Х).
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	ИЗУЧЕНИЕ УСТОЙЧИВОСТИ МУТАНТНЫХ ЛИНИЙ ЯРОВОЙ ПШЕНИЦЫ к РЖАВЧИНАМ
	Untitled
	Untitled

	AZOTE-INDUCED CHANGES IN THE ACCUMULATION OF BUCKWHEAT SEEDLING FLAVONOIDS
	Absolute decreases in the content of separate groups of flavonoids in isolated buckwheat hypocotyls and cotyledons after a 40 h incubation (16 h light +24 h darkness) in a 0.1 per cent solution of ammonium nitrate as compared with water controls (pg/seedling).
	Untitled
	Untitled
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	О СЛУЧАЕ ПЛАСТИДНОЙ НАСЛЕДСТВЕННОСТИ У ЯЧМЕНЯ
	Untitled
	К ПРОБЛЕМЕ СЕЛЕКЦИИ ВИРУСОУСТОЙЧИВЫХ СОРТОВ КАРТОФЕЛЯ
	Untitled


	ОБ ИЗМЕНЕНИИ ДИКОРАСТУЩИХ ФОРМ КРАСНОГО КЛЕВЕРА (TRIPOLIUM PRATENSE L.) В КУЛЬТУРЕ
	Рис. 2. Растения красного клевера из питомника посева 1965 г., выращенные при площади питания 50X50 см. Справа дикорастущий из исходных семян, слева из семян 6-й репродукции на плодородной почве (фото I/VII 1966; растения пересажены в сосуды для фотографирования).
	Untitled
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	ELECTROPHORETIC ENZYME STUDIES IN SC ILL A SI ВI RICA AN DR.
	Fig. 1. Polyacrylamide gel electrophoretic patterns of acid phosphatase (Л) and esterase (5). Enzymograms: 1 bulb, 2 root, 3 leaf, 4 stem, 5 petal, 6 anther, 7 stigma-style, 8 ovary.
	Fig. S. Polyacrylamide gel electrophoretic patterns of anodical peroxidases [A) cathodical peroxidases (В), leucine aminopeptidase (C), glucose-6-phosphate dehydro genase (£)), and 6-phosphogluconate dehydrogenase (£). Designations see under Fig. 1.

	HÕBEREBASTE KARUSNAHKADE FOTOELEKTROKOLORIMEETRILISED OMADUSED JA NENDE KASUTAMINE NAHKADE KLASSIFITSEERIMISEL VÄRVUSE JÄRGI
	Untitled
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	ХИМИЧЕСКИЙ СОСТАВ ПОВЕРХНОСТНОГО СЛОЯ САПРОПЕЛЯ ОЗЕР ВИЙТНА
	Untitled
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	ВЛИЯНИЕ ДЕФИЦИТА ВОДЫ НА ПРИРОСТ РАСТЕНИЯ (МАТЕМАТИЧЕСКАЯ МОДЕЛЬ)
	Рис. 1. а зависимость прироста сухого вещества растения (S Anti) от потенциала воды почвы (фЦ. Влияние осмотического потенциала замыкающих клеток ( ф_= \ н отно. \ МPg / шения площади корней и листьев (Sr/Si). Сплошные кривые —ф* =—3o бар, пунктирные —Фг. =— 15 бар. Цифры у кривых значения Sr/Si. Относительная влажность воздуха 20% при 25°С (фа = —2,2МО3 бар), Rp =O. б зависимость сопротивления устьиц (г*,) от потенциала воды листа (фт), на основе которого рассчитаны кривые а.
	Рис. 2. Зависимость прироста (2Аm.-) от потенциала воды почвы (ф5). Влияние влажности воздуха (фа) и сопротивления в жидкой фазе тока воды (Rv) при двух значениях Sr/Si (0,2 и 2,0). Сплошные кривые фа= —2,21 • 103 бар (соответствует относительной влажности воздуха 20% при 25°С), пунктирные фа= -0,308-103 бар (80% при 25°С). а—RP= 0, б RP=* 1,8 105 сек-см-г\ фк —3O бар.
	Рис. 3. Зависимость прироста (2Ат,) от соотношения площади корней и листьев (Sr/Si). Цифры у кривых потенциал воды почвы (ф,, бар). Пунктир соединяет максимальные значения SA т,- при различных фB-/?р =O, фа=-2,2М03 бар, ф_==-—3O бар.
	Рис. 4. Зависимость оптимального соотношения площади корней и листьев (Sr/Si)oпт от потенциала воды почвы (ф8) при относительной влажности воздуха 20 и 80%.

	ALGLOOMADE ÜKSIKISENDITE ISOLEERIMINE JA KLOONIDE SAAMINE
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	EESTI NSV TEADUSTE AKADEEMIA AASTAKOOSOLEKULT
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	Illustrations
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	Fig. 1. Esterase enzymograms: Elymus sibiricus R 16/71 (/—2), R 19/71 (3—4) and R 40/70 (5), Roegneria canir.a RL 35/69 (6—8), L 5/71 (9—10), R 7/71 (11—12), R 22/70 (13), R 20/70 (14—15) and R 18/70 (16), Roegneria behmii R 9/71 (17—18), Roegneria doniana RD-5 (19—20), Roegneria fibrosa R 126/70 (21—22), Roegneria borealis R 17/72 (23—24), Roegneria alas eana LP 7/71 (25—26), Roegneria czimganica R 123/70 (27—28), Roegneria confusa LP 6/71 (29—30), Roegneria ciliaris LP 10/71 (31—32).
	Fig. 2. Esterase enzymograms: Elymus sibiricus R 16/71 {/—2), Elymus glaucus RD-13 (t3—4) and R 71/70 (5—6), Elymus canadensis RL 1/70 (7—8) and RD-10 (9—JO), Roegneria pauciflora R 50/70 {11—12), RL 38/71 {13—14) and RL 7/70 {15—16), Elymus dahuricus LP 3/71 {17—18) and LP 4/71 (19—20), Elymus tangutorum. R 69/71 {21—22), Agropyron yezoense R 8/72 {23—24), Leymus arenarius L 1/71 {25—26), Elymus sibiricus R 40/71 {27—28), Elytrigia repens L 17/72 {29) and L 20/72 (30), Agropyron cristatum RB 4/69 (31—32),
	Fig. 3. Phosphatase enzymograms; Elymus sibiricus R 16/71 (/—2), R 19/71 (5—4) and R 40/71 {s—6), Roegneria canina L 5/71 (7—B), R 7/71 {9—lo), R 22/70 {11), R 20/70 {12—13) and R 18/70 {14—15), Roegneria behmii R 9/71 {16—17), Roegneria doniana RD-5 (/5—19), Roegneria fibrosa R 126/70 {20—21), Roegneria borealis R 17/72 {22—23), Roegneria alascana LP 7/71 {24—25), Roegneria czimganica R 123/70 {26—27), Roegneria confusa LP 6/71 {28—29), Roegneria ciliaris LP 10/71 {30—31).
	Fig. 4. Phosphatase enzymograms: Elymus sibiricus R 16/71 (/—2), Elymus glaucus RD-13 (5—4) and R 71/70 (5—5), Elymus canadensis RL 1/70 (7—5) and RD-10 (9—10), Roegneria pauciflora R 50/70 (II—12), RL 28/71 (13—14) and RL 7/70 (15—16), Elymus dahuricus LP 3/71 (17—18) and LP 4/71 (19—20), Elymus tangutorum R 69/71 (21—22), Agropyron yezoen.se R 8/72 (23—24), Leymus arenarius L 1/71 (25—26), Elymus sibiricus R 40/71 (27—28), Elytrigia reper.s L 17/72 (29), and L 20/72 (30—31), Agropyron cristatum RB 4/69 (32).
	Fig. 1. Sugar-induced inhibition of anthocyanin formation in buckwheat cotyledons. A seedlings grown on sugar solutions, В sugars added to growth medium of intact seedlings prior to illumination; growth regime —72 D IOL+I4D in both experiments. White bars water controls, black bars sucrose, dotted bars fructose, shaded bars glucose.
	Fig. 2. Anthocyanin accumulation in hypocotyis of intact buckwheat seedlings supplied with various nutritives prior to illumination. White bars water controls, bllack bars glucose supplied, dotted bars phenylalanine supplied, shaded bars glucose and phenylalanine supplied in combination. Seedlings were grown on water (A), 5-10~2M glucose (B), 10~:>M phenylalanine (C) or 5-10~2M sodium acetate (D) solutions; growth regime 72D-j-10L-|-14D.
	Рис. 1, Группировка природных факторов по структурно-генетическому принципу и теоретико-методическая очередность в ландшафтных исследованиях. I—III общетеоретическое структурно-генетическое формирование факторов и их значение в образовании ландшафта. Очередность учета природных условий в ландшафтных исследованиях. I—6 взаимосвязи и зависимости; более длинная стрелка обозначает большее влияние.
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	Рис. 2. Типы моделей (Арманд, 1971)..
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	Рис. 1.
	Рис. 2.
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	KNrV elektroforeetiliste liikuvuste kõver, olenevalt kasutatud lahuste pH-st.
	Fig. 6. Pusfiilina ochracea, spore, SEM, note the wrinkled surface. Denmark, Sjaelland: Hareskoven, 25. 6. 1971, leg. H. Dissing (С). X 250.
	Fig. 7. Disciotis venosa, spores; in cotton blue, note the staining areas near the poles, x 2000.
	Fig. 8. Pseudopithyella magnispora. a young spore with gelatinous cover, b ascus stained in congo red, compare with Pig. 11, c section of fruit body, a, b X 2000 с X 100.
	Untitled
	Fig 3 Pustulina microspora, spores X 1925.
	Fig. I. Pustulina microspora, marginal section, schematic a, b, c, d show the position of the drawings in Fig. 7. X 30. Fig. 2. Pustulina microspora. a hymenium and subhymenium, b part of medullary excipulum, c, d medullary and outer excipulum with the cells forming the warts. a—d X 218.
	Fig. 10. Pseudopithyella magnispora, above, section of the upper part of hymenium (see Fig. 9), note the anastomozing paraphyses and the poorly developed excipulum; below, section of the lower part of hymenium, subhymenium and upper part of medullary excipulum. X 583.
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	Fig. 9. Pseudopithyella magnispora. section of fruit body, schematic, showing position of sections in Fig. 10. X no.
	Рис. 1. Связь между концентрацией белка и показателем преломления сыворотки крови леща. • ноябрь, о январь—февраль
	Рис. 3. Связь между концентрацией белка и показателем преломления сыворотки крови судака. • сентябрь, о январьфевраль
	Рис. 2. Связь между концентрацией белка и показателем преломления сыворотки крови щуки (январь—февраль)
	Рнс. 4. Связь между концентрацией белка и показателем преломления сыворотки крови радужной форели (апрель).
	Fig. 1. Geobotanical regions of Latvia and Lithuania (after Сочава et ai., 1960): 22 dune pine forests and raised peat bogs of Riga’s environs; 23 hardwood-spruce, spruce and mossy pine forests of West Vidzeme: 24 lowland dry pine forests with dunes and “grinis” of Kurzeme; 25 upland spruce and hardwood-spruce forests of Kurzeme; 26 lowiand spruce and spruce-pine forests of West Zemaite; 27 upland spruce and spruce-pine forests, swampy meadows and fens of Zemaite; 28 lowland hardwoodspruce, spruce forests and raised peat bogs of East Zemaite; 33 mossy pine and lichen-pine forests of North Vidzeme; 34 —' upland spruce forests of Central Vidzeme; 37 hardwood and hardwood-spruce forests of basins of Lielupe and Musa Rivers; 38 East Latvian lowland swampy pine forests, locally with spruce forests; 39 upland spruce forests and mossy pine groves of East Latvia; 41 hardwood-spruce forests of Central Lithuania; 42 lowland hardwood-spruce, hardwood-pine, spruce and pine forests of Middle Baltic region; 43 upland hardwood-spruce forests and swampy meadows of Aukštaite; 44 mossy pine forests of Zemaite; 46 lowland spruce, spruce-pine and hardwood-spruce forests of Southwest Zemaite; 47 flood-plain meadows, swampy meadows, bogs and alder forests of the basin of Lower Nemunas; 50 hardwood-spruce and hardwood forests of the Middle Nemunas basin; 51 upland hardwood-spruce and hardwood forests of Džukaite; 52 sandy lichen-pine and mossy pine forests on the sandy areas of the basin of Merkine River. The collecting localities of the author are indicated with small black dots.
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	Fig. 2. Anacertagallia lithuanica n. sp. Male genitalia- A genital segment, lateral view (enlargement 82 X); В genital valve and plates (left dorsal, right ventral view) (82 X); C aedeagus, lateral view (250 X): D tip of aedeagus, lateral view (500 X); E aedeagus. dorsal and caudal view (250 X); F stylus (250 X): 0 connective (150 X): H anal tube (112 X) I / tip of anal tube appendage (375 X).
	Fig. 3. Macrosteles pygmaeus n. sp. Genitalia: A genital segment, lateral view Пl2 X): В genital valve and plates (112 X); C aedeagus, lateral view (250 X); D aedeagus, caudoventral view (250 X); E stylus (250 X); E connective (250 X); G apodemes (50 X); H tip of female abdomen (46 X).
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	Joon. 2. Hapniku kontsentratsioon ja vee küllastumus hapnikuga vaatluspunktis 1.
	Joon. 3. Süsihappegaasi kontsentratsioon vaatluspunktis 1.
	Схема установки для облучения в микроволновом диапазоне. 1 термостатированная измерительная кювета, 2 насос, 3 термометр, 4 волновод, 5 кювета облучения, 6 генератор, 7 холодильник, 8 термостат.
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	Рис. 1. Энзимограммы эстеразы в полиакриламидном геле: 1 Т. boeoticum К-27141, 2 Т. boeoticum К-27153, 3 Т. monococcum К-35915, 4 Т. monococcum К-39420, õ Т. boeoticum LJ-42/71, 6 Т. boeoticum К-27153, 7—B Т. urartu LJ-58/72, 9 Т. boeoticum К-27159, 10 Т. boeoticum LJ-42/71, И Т. boeoticum К-27148, 12 Т. boeoticum LJ-45/71, 13 Т. dicoccoides К-28132, 14 Т. boeoticum К-27134, 15 Т. dicoccoides К-26118, 16 Ae. speltoides К2, 17 Т. araraticum К-30234, 18 Т. monococcum var. hornemanni, 19 Т. timopheevi К-2Э548, 20 Т. boeoticum К-27141, 21 Ae. speltoides K-2, 22 Г. boeoticum К-27134, 23 Т. dicoccoides К-26118, 24 Ae. speltoides K-2, 25 T. araraticum К-30234, 26 T. dicoccoides К-5198, 27 Т. dicoccoides К-26117, 28 Т. dicoccoides К-21582, 29 Т. dicoccoides К-26117, 30 Т. dicoccoides К-5201, 31 Т. dicoccoides К-5198, 32 Т. dicoccoides K-41965, 33 Т. dicoccoides К-17157, 34 Т. dicoccoides К-42632.
	Рис. 2. Энзимограммы эстеразы в полиакриламидном геле. Ae. speltoides: I—B К.-2, 9 К-453, 10 К-198, 11 G-768, 12 G-712, 13—14 G-768, 17 К-2: Ae. bicornis; 15—16 G-1423; Ae. mutica: 18—22 К-200, 23—31 LJ-59/72.
	Рис. 3. Энзимограммы кислой фосфатазы в полиакриламидном геле: 1 Т. boeoticum LJ-43/71, 2 Т. boeoticum К-27154, 3 Т. boeoticum К-26239, 4 Т. пгопоcoccum К-35915, 5 Т. monococcum К-39420, 6 Т. urartu К-33870, 7 Т. boeoticum К-27154, 8 Т. dicoccoides K-261i8. 9 Т. araraticum К-30216, 10 Т. dicoccoides К-5198, 11 Т. dicoccoides К-26117, 12 Т. dicoccum К-21582, 13 Т. palaeo-colchicum К-28162, 14 Т. dicoccoides К-5201, 15 Т. dicoccoides К-5198, 16 Т. dicoccoides К-41965, 17 Т. boeoticum К-27134, 18 Т. dicoccoides К-5198, 19 Т. araraticum LJ-56/72, 20 Ae. speltoides G-768, 21 T. monococcum var. hornemanni, 22 T. timopheevi K-29548, 23 T. boeoticum K-27134, 24 Ae. speltoides K-2, 25, 29 T. carthlicum K-14027, 26 T. boeoticum K-40117, 27,30 T. araraticum К-30216 X T. boeoticum K-27154, 28 T. boeoticum No. 201 X T. araraticum K-30216, 31 T. araraticum K-30234 X T. palaeo-colchicum, 32 T. araraticum K-41907 X T. boeoticum K-27154.
	Рис. 4. Энзимограммы кислой фосфатазы в полиакриламидном геле: I—ll Ае. speltoides G-978, 12 Т. dicoccoides К-26117, 13 Ae. speltoides G-768, 14 Ае. bicornis G-1424, 15 Ae. longissima К-378, 16 Ae. sharonensis К-203, 17—18 Ае. speltoides G-724, 19 Т. dicoccoides К-5198, 20 Т. dicoccoides К-26117, 21—22 Ae. mutica LJ-59/72, 23—26 Ae. mutica К-200, 27—30 Ае. mutica К-646.
	Рис. 1. Кинетика изменения активности ФАЛ в первичном листе проростков ржи. I интактные проростки (освещенные); 2 изолированный первичный лист (освещенный); 3 неосвещенные интактные проростки. Начало освещения указано стрелочкой, продолжительность освещения жирными горизонтальными линиями под кривыми.
	Рис. 2. Кинетика изменения активности ФАЛ в гипокотилях проростков редиса. 1 интактные проростки (освещенные); 2 изолированные гипокотили (освещенные); 3 неосвещенные интактные проростки. Начало освещения указано стрелочкой, продолжительность освещения жирными горизонтальными линиями над кривыми.
	Рис. 3. Влияние фенилаланина (Ф), азотнокислого аммония (А) и глюкозы (Г) на активность ФАЛ в первичном листе ржи и гипокотилях редиса, % от контроля. Линия 100% (контроль) соответствует следующим уровням активности ФАЛ (мкг коричной к-ты/проросток в ч): интактные проростки ржи 7,5; изолированный первичный лист ржи 3,3; интактные проростки редиса 0,9; изолированные гипокотили редиса 2,6.
	Рис. 2. Динамика ОК и интенсивность симптомов BNtaK в растениях Nicotiana gluiinosa L. после инокуляции (/ инокулированные, 2 верхушечные листья). 1 балл —проявившиеся первичные симптомы, 2 балла установившиеся симптомы слабой интенсивности, 3 балла установившиеся симптомы средней интенсивности и 4 балла установившиеся симптомы высокой интенсивности со всеми компонентами реакции на данном виде растения.
	Рис. 3. Динамика OK ii интенсивность симптомов BNtaK в растениях Nicotiana tabacum L. после инокуляции (1 ннокулированные, 2 верхушечные листья).
	Рис. 4. Динамика OK и интенсивность симптомов BNtaK в растениях Nicandra physaloides L. после инокуляции (/ иноку – лированные, 2 верхушечные листья).
	Рис. 1. Некрозы на листьях Solatium chacoense L., зараженных BYK.
	Рис. 5. Симптомы заболевания на растениях Nicotiana glutinosa L., зараженных BNtaK. 1 пятимесячная инфекция, 2 четырехмесячная инфекция, 3 трехмесячная инфекция, 4 одномесячная инфекция, 5 здоровый лист, 6 двухмесячная инфекция.
	Рис. 6. Некрозы на вигне (Vigna sinensis Endi.), зараженной BNrK (справа) и BNtaK (слева).
	Рис. 7. Динамика ОК и интенсивность симптомов ВОМэ в растениях Nicotiana glutinosa L. после инокуляции (/ инокулированные, 2 верхушечные листья).
	Рис. 8. Динамика OK и интенсивность симптомов BYK в верхушечных листьях Nicotiana glutinosa L. после инокуляции.
	Рис. 9. Сравнение OK BYK в растениях Nicotiana glutinosa L. при инфекции 6 изолятами вируса, изолированных из картофеля сорта ’Остботе’ (/), ’Яакко’ (4), сеянцев ’954/52ХАквила’ (2), ’Приекульский раннийХАгрие’ (<?), ’КамеразХАгрие’ (5) и вида Solatium andigenum L. (6).
	Рис. 10. Динамика ОК и интенсивность симптомов ВХК в растениях Nicotiana glutinosa L. после инокуляции (/ инокулированные, 2 верхушечные листья).
	Рис. 1. Веточка томата, пораженная вирусом.
	Рис. 2. Локальные пятна на листе Chenopodium guinea.
	Рис. 3. Локальные некрозы на листе Nicandra physaloides.
	Рис. 4. Некрозы на Gomphrena globosa.
	Рис. 5. Растения Callistephus chinensis. Слева здоровое, справа больное растение.
	Рис. 6. Цветы хризантемы, пораженной вирусом.
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	Рис. 7. Листья Nicotiana affinis. Слева больной, справа здоровый. Рис. 8. Растения Nicotiana glutinosa с симптомами системной инфекции.
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	Рис. 9. Листья N. glutinosa, пораженные вирусом. Рис. 10. Цветы N. glutinosa. Слева здоровые, справа пораженный.
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	Рис. 11. Листья Nicotiana tabacutn, сорт ’White Burley’. Слева здоровый, справа больной лист.
	Рис. 12. Лист Petunia hybrida с симптомами инфекции.
	Рис. 13. Цветы Petunia hybrida, пораженные вирусом.
	Рис. 14. Листья Physalis floridana. Слева больной, справа здоровый.
	Рис. 15. Листья Solatium nigrum. Слева здоровый справа больной.
	Рис. 1. Изменение содержания глицерина (/) и ТП (2) в личинках Арапteles glomeratus L.
	Рнс. 2. Зависимость ТП от концентрации глицерина в личинках Apanteles glomeratus L.
	Рис. 1. Прорастающее двухзародышевое семя с корешками различной длины. Увелич. 15Х. Fig. 1. The germinating twin seed with roots of different size. Magnif. 15X
	Untitled
	Рис. 2. Близнецовые проростки из одного семени, значительно различающиеся по величине. Увелич. 6Х. Fig. 2. Twin seedlings of different size from one seed. Magnif. 6X Рис. 3. Проросток с двумя корешками (один из корней изогнут, другой недоразвит) Увелич. 8Х- Fig. 3. The seedling with two roots (one of them is curved, another under-developed) Magnif. 8X
	Рис. 4. Три близнецовых зародыша из одного семени. Увелич. 6Х-Fig. 4. Three embryos from one seed, Magnif. 6X
	Рис. 5. Прорастающее двухзародышевое семя со спонтанным разрывом ткани одного из корней. Увелич. 32Х- Fig. 5. The germinating twin seed with the spontaneous fissure of root tissue in one of the roots. Magnif. 32X
	Untitled
	Рис. 1. Мост в анафазе митоза, микроядра в интерфазе (1400Х).
	Рис. 2. Анафаза митоза с фрагментами (1500Х).
	Рис. 3. Отстающая хромосома в поздней анафазе митоза, микроядра в интерфазе (1200Х).
	Рис. 4. Микроядра в клетках, лишенных нормального клеточного ядра (900Х, 1200Х) •
	Рис. 5. Микроядра в клетках, лишенных нормального клеточного ядра (900Х, 1200Х).
	Рис. 6. Массовая экструзия хроматина в мейозе (800Х).
	Рис. 7. Массовая экструзия хроматина в мейозе (800Х).
	Рис. 8. Цитомиксис в мейозе (800Х).
	Absolute decreases in the content of separate groups of flavonoids in isolated buckwheat hypocotyls and cotyledons after a 40 h incubation (16 h light +24 h darkness) in a 0.1 per cent solution of ammonium nitrate as compared with water controls (pg/seedling).
	Рис. 2. Растения красного клевера из питомника посева 1965 г., выращенные при площади питания 50X50 см. Справа дикорастущий из исходных семян, слева из семян 6-й репродукции на плодородной почве (фото I/VII 1966; растения пересажены в сосуды для фотографирования).
	Fig. 1. Polyacrylamide gel electrophoretic patterns of acid phosphatase (Л) and esterase (5). Enzymograms: 1 bulb, 2 root, 3 leaf, 4 stem, 5 petal, 6 anther, 7 stigma-style, 8 ovary.
	Fig. S. Polyacrylamide gel electrophoretic patterns of anodical peroxidases [A) cathodical peroxidases (В), leucine aminopeptidase (C), glucose-6-phosphate dehydro genase (£)), and 6-phosphogluconate dehydrogenase (£). Designations see under Fig. 1.
	Рис. 1. а зависимость прироста сухого вещества растения (S Anti) от потенциала воды почвы (фЦ. Влияние осмотического потенциала замыкающих клеток ( ф_= \ н отно. \ МPg / шения площади корней и листьев (Sr/Si). Сплошные кривые —ф* =—3o бар, пунктирные —Фг. =— 15 бар. Цифры у кривых значения Sr/Si. Относительная влажность воздуха 20% при 25°С (фа = —2,2МО3 бар), Rp =O. б зависимость сопротивления устьиц (г*,) от потенциала воды листа (фт), на основе которого рассчитаны кривые а.
	Рис. 2. Зависимость прироста (2Аm.-) от потенциала воды почвы (ф5). Влияние влажности воздуха (фа) и сопротивления в жидкой фазе тока воды (Rv) при двух значениях Sr/Si (0,2 и 2,0). Сплошные кривые фа= —2,21 • 103 бар (соответствует относительной влажности воздуха 20% при 25°С), пунктирные фа= -0,308-103 бар (80% при 25°С). а—RP= 0, б RP=* 1,8 105 сек-см-г\ фк —3O бар.
	Рис. 3. Зависимость прироста (2Ат,) от соотношения площади корней и листьев (Sr/Si). Цифры у кривых потенциал воды почвы (ф,, бар). Пунктир соединяет максимальные значения SA т,- при различных фB-/?р =O, фа=-2,2М03 бар, ф_==-—3O бар.
	Рис. 4. Зависимость оптимального соотношения площади корней и листьев (Sr/Si)oпт от потенциала воды почвы (ф8) при относительной влажности воздуха 20 и 80%.
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