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VELLO JAASKA
PHYLOGENETIC DIFFERENTIATION OF TETRAPLOID WHEATS

On the basis of existing genetic barriers, the tetraploid wheats have been divided
in two groups: the Emmer group involving most of the cultivated tetraploids and the
wild T. dicoccoides (Korn.) Thell,, and the Timopheevi group involving the cultivated
Transcaucasian endemic T. timopheevi Zhuk. and the wild 7. araraticum Jakubz.
Recently, Mac Key (1966) has suggested to consider the two groups as genetically
isolated biological species under the names 7. turgidum (L.) Thell. and T. timopheevi
Zhuk., and to reduce the previously known “species” to subspecies and convariety ranks.

Our recent electrophoretic studies (Jaaska, 1969; Jaaska, Jaaska, 1970) of acid
phosphatase isoenzyme composition strongly support the above grouping of the tetraploid
wheat taxa. It has been shown that, on the basis of distinct acid phosphatase isoenzymie
patterns, the tetraploid wheat taxa fall in the same two groups. The data confirmed that
the two groups of tetraploid wheats are genetically unique, being enzymologically
differentiated from each other.

This short communication presents additional enzymological evidence on the
evolutionary differentiation of the wild-growing tetraploid wheats in the two genetically
distinct groups. Polyacrylamide gel electrophoretic patterns of acid phosphatases and
esterases were studied for 19 strains of the wild tetraploid wheat from Israel (coilections
K-20403, K-23664, K-5198, K-5199, K-5201, K-17256, K-26117, K-26118, K-41965, K-41966,
U-238294 and U-236696), Iraq (collections K-40120, K-40121, K-40122 and K-40123,
K-41907 and K-42632) and Syria (K-17157), for 12 strains of T. araraticum from
Nakhitshevan ASSR (K-28239, K-28244, K-28280, K-30210, K-30216, K-30234 and K-30240).
Armenian SSR (K-30258, K-31828) and Azerbaijan SSR (K-39098, K-31121 and K-31123),
and for a strain of T. timopheevi var. typicum (K-29548) from West Georgia. In addition,
18 strains of wild diploid wheat from Turkey, Iraq, Armenia and Azerbaijan were studied.
All the seed samples were received from the World Collection of the Vavilov Institute
of Plant Industry (Leningrad) through the kindness of Dr. E. Migushova. The
experimental procedures were the same as reported previously (Jaaska, 1969), except for
performing the electrophoresis in gel slabs instead of glass tubes.

Results and Discussion

Acid phosphatase electrophoretic pattern of T. araraticum and T.
timopheevi, as seen in Fig. 14, is mainly characterized by a broad fast-
moving major zone of activity actually consisting of two closely spaced
isoenzyme bands. In addition, 3—4 weak, scarcely distinguishable bands of
intermediate electrophoretic mobility and a staining near the origin can be
seen. All the 12 accessions of the wild tetraploid 7. araraticum originating
from Nakhitshevan and Azerbaijan and an accession of the cultivated
T. timopheevi var. typicum from Western Georgia revealed an essentially
similar phosphatase pattern, except for a variation in the enzyme activity
remaining near the origin.
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Fig. 1. Acid phosphatase (A) and esterase (B) enzymograms for the
strains K-39098 (/), K-31123 (2), K-31628 (3), K-31121 (4), K-30212
(5) of T. araraticum and for the strain K-29548 (6) of 7. timopheevi.
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Fig. 2. Acid phosphatase (A4) and esterase (B) enzymograms of wild
tetraploid wheat: K-42 632 (1), K-40120 (2) and K-40122 (3) from Iraq;
K-5198 (4), K-20403 (5) and K-23664 (6) from Israel. ;
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Fig. 3. Acid phosphatase (A) and esterase (B) enzymograms oi
T. dicoccoides from Israel: K-17256E (1), K-26117 (2), K-41965 (3),
K-26118 (4), K-5199 (5), K-5201 (6).
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Fig. 4. Acid phosphatase (A) and esterase (B) enzymograms for
different strains of wild diploid wheat.
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Esterase electrophoretic pattern of T. araraticum and T. timopheevi,
presented in Fig. 1B, can be described as consisting of two groups of
isoenzyme bands having intermediate and fast electrophoretic mobilities,
respectively. The pattern was essentially similar for all the 12 strains of
T. araraticum studied, showing mainly quantitative variation in com-
parative staining intensity of the fastest-moving triplet of isoenzyme bands.
The esterase pattern of T. timopheevi showed distinct difference from that
of T. araraticum by having a shift in the electrophoretic mobility of the
major esterase zone, although the remaining bands were common to both
taxa.

The accessions of wild tetraploids received under the name of 7.
dicoccoides fell in two groups, according to the appearance of their acid
phosphatase and esterase electrophoretic patterns. One group of the
dicoccoides strains showed phosphatase and esterase electrophoretic
patterns qualitalively similar to those previously (Jaaska, 1969; Jaaska.
Jaaska, 1970) found for the cultivated tetraploids of the Emmer group
(enzymograms 1, 4, 5 and 6 in Fig. 24 and B). All the strains of T. dicoc-
coides from Israel showed qualitatively non-variant phosphatase electro-
phoretic patterns of the Emmer type characterized by the presence of four
successive isoenzyme bands, as demonstrated in Fig. 34. In contrast to
phosphatases, the esterases, as shown in Fig. 3B, revealed a clear-cut
intra-specific polymorphism in isoenzyme composition among the same
strains of 7. dicoccoides from Israel.

The second group of strains, also received under the name T. dicoc-
coides, proved to be enzymologically qualitatively similar to T. araraticum
{enzymograms 2 and 3 in Fig. 24 and B).

Among the 6 strains of the wild tetraploid wheat from Iraq only
one (K-42632) showed phosphatase and esterase patterns characteristic
of the Emmer group, as well as the sole strain of the wild tetraploid from
Syria. The remaining five strains from Iraq revealed phosphatase and
esterase isoenzyme patterns characteristic of 7. araraticum from Soviet
Transcaucasia.

The above data conclusively support earlier cytogenetic data of
E. B. Wagenaar (1966) suggesting that the distribution area of 7. ara-
raticum is not restricted to Soviet Transcaucasia but extends southwards
to Iraq. Recent hybridization studies by E. Migushova (1970, personal
communication) -carried out with the same strains which were used in
the present investigation have demonstrated the differentiation of the
wild Iraqi tetraploids in two groups, depending on the formation of
fertile or sterile hybrids with 7. timopheevi. The available evidence thus
supports the view (Wagenaar, 1966) that the populations of wild tetra-
ploid wheat in Iraq (and probably in Syria) actually consist of the bio-
types of two genetically isolated biological species, 7. dicoccoides and
T'. araraticum, which can be distinguished on the basis of their distinct
acid phosphatase and esterase electrophoretic patterns. The enzymological
differences between the two species involve the absence in T. araraticum
of one major phosphatase isoenzyme controlled by the genome A and
differences in the esterase isoenzymes of intermediate electrophoretic
mobility (see Fig. 24 and B).

In our previous paper (Jaaska, Jaaska, 1970) we presented enzymolog-
ical evidence in support of the allopolyploid origin of both the Emmer and
Timopheevi wheats from the diploids 7. boeoticum Boiss. and A. speltoides
Tausch. Theoretically, there is a possibility that T. araraticum and T. dicoc-
coides are of independent amphidiploid origin, involving initially different
hiotypes of the diploid precursors. In this case, the genome A of T. arara-
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ficurn must have come from a biotype of T. bocoticum lacking at least one
major phosphatase isoenzyme. However, our preliminary survey ol 18
strains of the wild diploid wheat available from the Vavilov-Collection
failed to find such a biotype and showed a uniform presence of the charac-
teristic doublet of major isoenzymes in all the accessions studied, although
it was shifted in T. urartu. Fig. 44 and B illustrate the constancy of major
phosphatase isoenzymes and the kind of variation in the esterase pattern
among the strains of 7. boeoticum. The esterase pattern of 7. urartu
(unpublished) was distinctly different irom those of T. boeoticum, T. arara-
licum and T. dicoccoides.

The second alternative is that both T. araraticum and T. dicoccoides
had a common tetraploid progenitor and the divergence of these two
species has occurred on the tetraploid level as the result of mutational
changes of involved genomes. Moreover, the loss of one acid phosphatase
isoenzyme as well as the decrease in the activity of the second isoenzyme
controlled by the genome A could preferentially occur on the tetraploid
level when the phosphatase isoenzymes controlled by the second genome
B compensate this loss and secure the survival despite the enzyme defi-
ciency. Comparison of enzymograms in Fig. 2 shows that in the ararati-
cum-type pattern the fastest-moving phosphatases controlled by the
genome B are intensely stained, while in the Emmer-type enzymograms
they appear comparatively less intense.

From the above considerations, the origin of T. araraticum and T. dicoc-
coides from a common initial allotetraploid through the accumulation of
genic mutations seems to be acceptable. However, available data still do
not exclude their possible independent polytopic origin, through the sepa-
rate amphidiploidization events, from previously divergent biotypes of the
same parental species.
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VELLO JAASKA
TETRAPLOIDSETE NISUDE FULOGENEETILINE DIFERENTSEERUMINE
Resiimee

Metsikult kasvavad tetraploidsed nisud on diferentseerunud kaheks geneetiliselt iso-
leeritud liigiks 7. dicoccoides (Korn.) Aarons ja T. araraticum Jakubz., mis on selgesti
eristatavad poliiakriiilamiidgeelelektroforeetiliselt méédratud happelise fosiataasi ja este-
raasi isolermientide koostise jargi. Koik 12 Armeeniast, NahhitSevanist ja Azerbaidzaanist
pdrinevat metsiku tetraploidi proovi, viis kuuest Iraagi péritoluga proovist ning Gruusia
kultuurendeem 7. timopheevi Zhuk. kuuluvad isoensiiiimide koostise alusel liiki 7. arara-
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ticum Jakubz. Kdigil 12 Israeli piritoluga metsiku tetraploidi proovil, iihel Siiiiria ja
tibel Iraagi proovil oli Emmeri rithma kultuurtetraploididega iihine happelise [oslataasi
enstimogramm, kuid nende esteraasi isofermentses koostises tdheldati liigisisest polii-

morfismi.

Eesti NSV Teaduste Akadeemia  Toimetusse saabunud
Zooloogia ja Botaanika Instituut 29. IV 1970

BEJIJIO IACKA
®HUJIOTEHETHYECKAS JH®PEPEHIUALUA TETPAMJOUAHBIX NINEHHWIL

Pestome

JIuKopacTylllHe TeTpAIJIOHAHble MIIeHHIbl AHddepeHIHpOBaHbl Ha JBA T€HETHUECKH H30-
JUpOBaHHBIX Buaa — [I. dicoccoides (Korn.) Aarons wu T. araraticum Jakubz., xoropsie
OTUeTJIHBO Pa3JHyatoTcs 110 H30(GepMeHTHBIM cOCTaBaM KHCJIOH (ocdaTasbl U 3CTepasbl, BhIsIB-
JE@HHBIM MEeTO/IOM 3JeKrpodope3a B MOJHAKPHIAMHAHOM rese. Bece 12 u3yuyeHHbIX 06pasno:s
JIHKOJ TeTpanionanoi muieHuibl 13 Apmennu, HaxuueBana u Asep6aiiixKana, naTh H3 LIECTH
HApPaKCKHX 00pasioB, a Takze KyabTypHbiil T. timopheevi Zhuk. u3 I'py3uu-ornocsites K T. ara-
raticum Jakubz. Bee 12 usyuenHbiXx 06pa3iloB AHKOH TETPAIIOMAHON mineHdnbl u3 M3paus,
oaud u3 Cupuu u oaun obGpasen u3 Mpaka wHMeIOT oQHHAKOBble € KYJbTYPHBIMH TeTpa-
IJIOMAAMH TPYNIIbl DMMepa SH3UMOTPaMMbl KHCJIOH (ocdaTassl, HO BBISBJASIOT BHYTPHUBHIOBOM
noJHMOPHHU3M B H30(EPMEHTHOM COCTABE 3CTepashl.

HHcrutyr 300a02uu u 60TAQHUKU IMocTynuia B pemakuHIO
Akademuu Hayx IJcronckold CCP 29/1V 1970
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	Рис. 1. Энзимограммы растворимой кислой фосфатазы (Л), эстеразы (Б) и глутаматдегидрогеназы (В) различных тканей картофеля. Обозначения энзимограмм: а■— покоящийся клубень, а' клубень после длительной инкубации, б росток, в■— лист, в' лист после длительной инкубации, г стебель, д корень, е прорастающий клубень, с «стареющий» клубень (начало инкубации).
	Рис. 2. Энзимограммы растворимой малатдегидрогеназы (Л), глюкозо-6-фосфат дегидрогеназы (Б) и пероксидазы (В) различных тканей картофеля. Обозначе ния см. рис. 1.
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	Fig. 1. Acid phosphatase (A) and esterase (В) enzymograms for the strains K-39098 (/), K-31123 (2), K-31628 (3), K-31121 (4), K-30212 (5) of T. araraticum and for the strain K-29548 (6) of T. timopheevi.
	Fig. 2. Acid phosphatase (A) and esterase (В) enzymograms of wild tetraploid wheat: K-42 632 (/), K-40120 (2) and K-40122 (3) frorn Iraq; K-5198 (4), K-20403 (5) and K-23664 (6) from Israel.
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	Fig. 3. Acid phosphatase (A) and esterase (В) enzymograms of T. dicoccoides from Israel: K-17256E (/), K-26117 (2), K-41965 (3), K-26118 (4), K-5199 (5), K-5201 (6). Fig. 4. Acid phosphatase (A) and esterase (В) enzymograms for different strains of wild diploid wh-eat.
	Рис. 1. Полиакриламидные протеинограммы сывороточных белков отдельных особей леща. Пол и степень созревания половых продуктов: 1,2—4 11, 3 $ 11, 4—6 4 II 111, 7, 8 4 111, 9 $ 111, 10, 11 $ V, 12 $ VI, 13 4 VI, 14 4 VI 11.
	Рис. 2. Схема расположения фракций белков сыворотки крови леща по данным электрофореза в полиакриламидном геле. АВ все выявленные фракции; А и В характер их варьирования.
	Muutused erütrotsüütide ja vereplasma K- ja Na-sisalduses 2 tundi (I) ja 2 päeva (II) pärast hiirte kiiritamist Y-kiirtegä. А muutused (% kontrollist) erütrotsüütide K-sisalduses; В muutused (% kontrollist) erütrotsüütide Na-sisalduses; C muutused (% kontrollist) plasma K-sisalduses; D muutused (% kontrollist) plasma Na-sisalduses. Viirutatud ruuduna on esitatud katseviga. Normaalväärtused I A ja II А 82,1 mekv/1; I В ja II В 9,1 mekv/1; I C ja II C 7,4 mekv/1; I D ja II D 143,4 mekv/1. □ 700 r; 88 – 900 г; Ш ~ 1000 r.
	Untitled
	Fig. 1. Ecological amplitudes of desmids to pH.
	Fig. 2. Rclation of pH groups in several genera of desmids.
	Fig. 3. Composition of pH groups of desmids according to genera А Acidobiontic forms, В Acidophilous forms, C Alkaliphilous forms, D Alkalibiontic forms.
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	Рис. 1. Временной ход фотосинтеза дисков из листьев фасоли при естественной концентрации С02 (0,03%). Интенсивность света в опыте 1 —63 мвт/см2, в опыте 2 35 мвт/см2, в опыте 3 20,5 мвт/см2. Рис. 3. Временной ход устьнчных движений у дисков из листьев фасоли. Интенсивность света в опыте 60 мвт/см2.
	Рис. 2. Временной ход транспирации дисков из листьев фасоли. Условия опыта: интенсивность света 35,5 мвт/см2, скорость воздуха 17 л/ч, влажность входящего в камеру воздуха 0%.
	Рис. 4. Установление стационарного состояния фотосинтеза у дисков из листьев фасоли при концентрации СОг 0,03 (/) и 0,45% (2). Интенсивность света 32 мет!см2.
	Рис. 5. Установление стационарного состояния фотосинтеза у дисков из листьев фасоли на красном (о) и синем (х) свету при разных концентрациях С02. Условия при экспозиции: А концентрация С02 0,36%, интенсивность синего света (400- 550 нм) 20,4 мвт/см2, интенсивность красного света (580—700 нм) 14,0 мвт/см2-, Б концентрация С02 0,03%, интенсивность синего света 36,0 мвт/см2, интенсивность красного света 25,7 мвт/см2; В концентрация С02 0,0075%, интенсивность синего света 18,9 мвт/смг, интенсивность красного света 13,6 мвт/см2.
	Рис. 6. Временной ход фотосинтеза дисков из листьев фасоли при разных интенсивностях света: 1 34,3 мвт/смг, 2- 9,3 мвт/см2, 3 3,6мвт/см2. Концентрация С02 0,03%.
	Рис. 7. Временной ход фотосинтеза дисков из листьев фасоли при концентрации кислорода 0,5 (/) и 21% (2). Интенсивность света 11 мвт/см2, концентрация С02 0,03%.
	Рис. 8. Временной ход фотосинтеза дисков из листьев фасоли при температуре листа 30° ' (/) и 24°С (2). Интенсивность света 35 мвт/см2, концентрация С02 0,03%.
	Рис. 9. Временной ход фотосинтеза дисков из листьев фасоли при влажности воздуха 75 (Л и 0% (2). Интенсивность света 20 мвт/см2, концентрация С02 0,03%.
	Рис. 10. Временной ход фотосинтеза дисков из листьев растений, растущих на почве (1) и выдержанных в течение 20 ч корнями в воде (2). Интенсивность света 31 мвт/см2, концентрация С02 0,03%.
	Рис. 11. Временной ход фотосинтеза дисков из листьев с разным содержанием нитратов: 1 содержание нитратов 2,08 мг Noз/г сырого веса, 2 2,72 мг NO7 /г сырого веса. Интенсивность света 25 мвт/см2, концентрация СO2 0,03%.
	Рис. 12. Временной ход фотосинтеза дисков из листьев после их выдерживания черешками в растворах ИНГ разных концентраций: 1 7,3 мМ, 2 36,5 мМ, 3 73 мМ, 4 контроль (вода). Интенсивность света 20 мет 1см2, концентрация С02 0,03%.
	Рис. 13. Приближение кривой (АВБ) временного хода фотосинтеза к прямой (ЛБ).
	Рис. 14. Количество 14С02, фиксированного дисками, в зависимости от продолжительности экспозиции. Условия экспозиции: интенсивность света 11,5 мвт/см2, концентрация С02 0,03%; в каждом варианте экспонировалось по пять дисков.
	Рис. 1. Изменение суммарных коэффициентов варьирования по поколениям (А линия P-BG, Б линия Кантон-С).
	Рис. 2. Изменение суммарных коэффициентов варьирования в зависимости о г направления у линии Р-86.
	Рис. 1. Зависимость зольности торфа поверхностного слоя верховых болот от содержания кремния.
	Рис. 2. Зависимость содержания общего азота в торфе поверхностного слоя верховых болот от содержания фосфора.
	Рис. 1. Конфигурация французского флага. Здесь imr = /pV/3], если М/3 pV/3] 0,5, 1 11 I [А/3] +l, если М/3 – [М/3] > 0,5, где [Л] есть целая часть числа Л, не превышающая Л.
	Рис. 2. Система элементов Е. Каждый элемент имеет два входа и один выход; у всех Е, кроме первого, один вход не задействован; все Е работают в дискретной шкале времени и с одной и той же единичной задержкой.
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