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Chromosome Behavior in Triticum Hybrids
Karl Sax

Maine Agricultural Experiment Station, Orono, Maine, U.S. A.

(With 14 text-figures)

Cytological studies of the genus Triticum have been of much interest
to geneticists in many countries because they have been of value in
«olving certain genetic problems in species hvbrids, and have indicated
{he probable origin of the cultivated wheats. In order to adequately
present the cvtological work with Triticum it will be necessary to
include the contributions of Sakamura and Kihara of Japan,
iiaines and Aase of USA. Thompson in Canada, Watkins and
percival of England, de Mol\\‘of Holland, Tschermak and Bleier
of Austria, Nikolaeva of Russia, Malinowski of Poland, and Stolze
of (Germany.

The cultivated species of wheat can be divided into three groups
based on chromosome number, sterility relationships, taxonomic diffe-
rences, economic value, sereological relationships, and resistance to
Jisease. The Einkorn group (T. monococcum), has 7 pairs of chromo-
somes, is of little economic value, and in general is more resistant to
Jiscase than the other wheat species. The Emmer group (1. dicoccum,
T. durum, T. polonicum, and T. turgidum) has 14 pairs of chromosomes,
ix of considerable economic value in certain regions, and is more resistant
1o disease than the bread wheats. The Vulgare group (T. rulgare,
1. spelta, and T. compactum) has 21 pairs of chromosomes, is of greatest
cconomic value and widest distribution, and in general is more suscep-
tible to disease than the other two groups. Crosses between species
within each group are interfertile while crosses of species of one group
with species of either of the other two groups are partially sterile.

‘hromosome behavior in partially sterile species hybrids
Several crosses of 7T.monococcum X T. turgidum (Emmer group)

have been studied .to determine chromosome behavior in relation to
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1268 Karl Sax

sterility. In these crosses the 7 Einkorn chromosomes pair with 7 of
the 14 turgidum chromosomes at the reduction division of the F; hybrid.
Tn one cross the 7 paired chromosomes divide normally but the 7 singles
lag at reduction and usually pass to one pole or the other without
dividing. In the second division all chromosomes apparently divide
normally so that the microspores presumably receive from 7 to 14
chromosomes. This behavior of the chromosomes is somewhat similar
to the behavior of chromosomes in a cross of Aegilops cylindrica X T
rulgare.

More recently Thompson has described the chromosome behavior
in a similar cross of Einkorn X T. turgidum in which the 7 single chro-
mosomes lag in the F; reduction division but ultimately divide and join
the bivalents. The single chromosomes do not divide at the second
divison but pass to the poles without dividing. This chromosome
behavior is similar to that found in Emmer X Vulgare crosses and is
probably more typical than that described above.

In crosses of Emmer X Vulgare wheats one parent contributes
14 chromosomes and the other 21. At the F; reduction division there
are 14 pairs of chromosomes and 7 singles. The 14 Emmer chromosomes
presumably pair with 14 of the Vulgure chromosomes leaving 7 single
chromosomes from the Vulgare parent. The division of the paired
chromosomes is normal. The single chromosomes_lag behind the bi-
valents and begin to divide as the members of the bivalents ap-
proach the poles. There are usually 7 single chromosomes in the
first reduction division but occasionally only 5 or 6. The singl
chromosomes do not always reach the poles and are occasionally not
included in the nuclei. In the second division the members of the
bivalents divide normally buth te singles pass at random, to one pole
or the other without dividing. The lagging singles are occasionally
lost in the second division and are not included in the microspore nucleus-
As a result of this behavior of the chromosomes the microspores contain
from 14 to 21 chromosomes — 14 contributed at random from the tw?
parents and from 0 to 7 chromosomes from the Vulgare parent.

The F, plants are partially sterile although they are usually more
vigorous and larger than the parents. About 20 percent of the Fy pollen
is obviously aborted and about 50 percent of the egg cells do not func-
tion in most cases. In a backcross Watkins finds that about 90 percent
of the eggs are fertile but only about 10 percent of the pollen grains

are functional.
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Chromosome Behavior in Triticum Hybrids 1269

In the F, of crosses of Emmer X Vulgare wheats all degrees of
oterility are found, ranging from plants which do not pass the rosette
ctage to those which are as fertile as the parents. If all classes of gametes
were capable of functioning most of the F, segregates should be inter-
mediate and even if the 14 chromosomes which pair are similar or iden-
tical the random distribution of the 7 single chromosomes would prevent
the recovering of parental forms except in rare cases. Actually, however,
a large proportion of the F, and F, segregates resemble one parent
or the other and only these classes are ultimately obtained in a fertile
homozygous condition. In almost all crosses recorded there is an excess
of the Emmer type of segregates. In 46 F, segregates of a cross of Emmer
% Vulgare varieties, 21 resembled the Emmer parent, 13 were inter-
mediate and 12 resembled the Vulgare type. Kihara, Watkins and
Thompson have obtained similar results.

A cytological analysis of F, segregates has shown a striking asso-
ciation between chromosome number and morphological characters
and has been of much value in determining the cause of sterility in these
species hybrids. The segregates which resemble the Emmer parent
have approximately 14 chromosomes; the Vulgare type of segregates
have 21 chromosomes or in some cases 19 or 20 chromosomes, while
the more typical intermediate segregates have an intermediate chromo-
some number. In the F, and subsequent generations the only fertile
segregates are those which have 14 chromosomes and resemble the
Emmer parent or those with 21 chromosomes which resemble the Vulgare
parent. All segregates with an intermediate chromosome number are
climinsted, and no strictly intermediate types of segregates are obtained
in a fertile homozygous condition. Some fertile segregates are obtained,
however, which have most of the typical characters of one parent with
one or two typical characters of the other parent, but in general the
fertile segregates resemble one parent or the other. Occasionally a
14 chromosome segregate is found to be partially sterile. In most, if
not all, cases there is an excess of 14 chromosome segregates.

These genetic and cytological results lead to the conclusion that
sterility is primarily due to the absence of a complete diploid set of
chromosomes. In F, the vegetative development is unusually vigorous
with 14 pairs of chromosomes and the 7 single chromosomes, but at
the reduction division many gametes are found which have an inter-
mediate chromosome number. Such gametes are presumably less fertile
and less viable than those with 14 or 21 chromosomes. In F, many
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1270 Karl Sax

segregates are more sterile than the F, plants and often they are so
weak that thay do not produce heads. The absence of a complete
set of chromosomes apparently inhibits vegetative development s
well as resulting in gametic sterility. Since the 14 chtomosome segre-
gates resemble the Emmer parent and the 21 chromosome segregates
resemble the Vulgare parent it follows that the primary 14 chromo-
somes which pair are similar in genetic constitution and that the extra
7 chromosomes of the Vulgare wheats determine the characters which
differentiate these two groups of wheat species. It is also evident that
the typical characters of the Emmer and Vulgare wheats can not readily
be combined. This conclusion is supported by the fact that although
thousands of segregates of crosses between Emmer and Vulgare wheats
have been grown in many different countries there is no evidence that
the typical and desirable characters of the parents have OVer been
combined in a single variety of economic value.

Qince all fertile segregates of Emmer X Vulgare crosses have
14 chromosomes and resemble the Emmer parent or have 21 chromo-
somes and resemble the Vulgare parent, it follows, — (1) that sterility
is due primarily to an intermediate chromosome number, (2) that the
typical Vulgare characters are usually determined by the extra 7 chromeo-
somes and, (3) that the 14 chromosomes of the Emmer wheats are similar
in genetic constitution to the 14 Vulgare chromosomes with which
they pair in the F, hybrid. )

Thompson OpPPOSes these conclusions because, (1) certain SCrt
gates and varieties possess characteristics of both Emmer and Vulgare
wheats, (2) T. monococcunt, with 7 chromosomes, has several charact¢rs
typical of the Vulgare wheats, (3) different degrees of sterility exist
in different crosses of Emmer X Vulgare wheats, and (4) some 14 chrome-
some segregates are partially sterile.

In view of these difficulties Thompson suggests that “a viable.
properly functioning condition may result only when the chromosomes
are mostly from the durum parent or mostly from the vulgare parer\t"-
However the most favorable condition for vegetative de-
velopment is in the F, where the maximum pumber ¢
chromosomes from each parent are functioning togethel
1f gametes containing only Emmer or only Vulgare chromosomes
function, about 1 gamete in a million would be viable while as @ matter
of fact from 50 to 90 percent of the F, egg cells are functional and about
20 percent of the pollen grains are obviously aborted. Chromosom®
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l“(.oumatibility may account for sterility in some cases but it obviously
~an not account for most of the sterility found in these species hybrids.
The presence of a few Emmer characters in a 21 chromosome
_.oregate or a few Vulgare characters in a 14 chromosome segregate
“,5)- be due to the substitution of a Vulgare univalent for one of the
1+ Emmer chromosomes or possibly due to the occasional presence of
Luch a factor in one of the primary 14 chromosomes of the Vulgare
,arent. The reason for the occasional sterility of 14 chromosome segre-
bates is not clear, but certainly it can not be due to the mixture of
thromosomes from either parent in approximately equal numbers.

In order to determine the relation between chromosome number.
Jerility and genetics, of hybrids between the Vulgare and Emmer
\heats, chromosome counts of back crosses with the parents have been
pade. Counts were made from both root tips and anthers of the cross
JJarquis (T. vulgare] X Kubanka (T. durum) F, with Kubanka and
the reciprocal back cross. In the cross of F; X Kubanka 1186 flowers
wjere pollinated and ;1}9 seeds were obtained; 120 seeds were planted
1| the greenhouse but only 14 plants were used for chromosome counts
in] the anthers; 182 seeds were used for root tip counts of which 167
strminated and counts were made from 33 individuals. In the reci-
mocal cross 602 Kubanka flowers pollinated with F; pollen produced
3(1 seeds. About 70 of these seeds were planted in the greenhouse
nt only 14 plants were suitable for obtaining chromosome counts.
“qr root tip counts 81 seeds were used of which 67 germinated and counts
wdre obtained from 34 individuals. Since greenhouse conditions were
ather unfavorable for vegetative growth these back crosses were also

wrgwn in the field during. the past summer. One hundred and seventy
seqds of Fy, X Kubanka were planted, of which 115 produced plants

of which made good growth and headed. Chromosome counts were

obfained from 56 of these plants. The chromosome counts from these
crgsses are shown in Table I.  Root tip counts are from fixed material

cro.

le the counts from pollen mother cells were all obtained from aceto-
nine preparations.

If all classes of F; gametes are functional the majority of the back
s segregates should have 14 bivalents and 3 or 4 univalents. Segre-

wates with 14 bivalents or 14 bivalents plus 7 univalents should be

obt
wer:
obtd

iined rarely but in equal numbers. In all anther counts there
b 14 bivalents. The chromosome number of F, gametes can be
ined from root tip counts by subtracting 14 from the total chro-
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1272 Karl Sax

Table 1

Chromosome numbers in segregates of Marquis (7. vulgare)
reciprocal cross. Grown in the

Number of plants with

Anther counts — 14 bivalents plus following number
of univalents

i

Back-cross \ 0 i 1 ! 2 3 i 4 \ 5. 6 f 7 n

| | | A R
ileK(G.H.)‘ 8 1 3 1 — | — 1, — 14
i F;xK (F.) 181 18 8 5 6 — 1 ' — 56
KxF(GH)| 9! — ! — 1 2 1| — 1 1] 14
K xF, (F.) | 3| 3, 2| —| —| —1| — | — 8
Total ........ | 38| 22| 13| 7| 8] 1] 2| 1] 9

| Theoretical).. ’ 1] 5] 14 ; 26 | 26 i 4 | 5] 1| 92

| _ , |

') Approximate theoretical distribution of chromosome counts of back-cros=
segregates assuming no selective sterility, selective fertilization, or loss of chromo-
soImes.

mosome number. In anther counts the number of chromosomes in I
gametes can also be obtained by adding the num%&r of univalents
to 14-assuming of course that there is no chromosorhe elimination in
somatic development.

There is considerable chance for selective elimination of certain
classes of gametes even in the F, egg cells since only 40 percent of thes:
gametes functioned when pollinated with Kubanka pollen and from
170 seeds planted in the field only 33 percent produced plants which
were used for chromosome counts. Thus in the most favorable case W
have definite counts of only 13 percent of the F, female gametes. Tht
use of 14 chromosome pollen grains should not cause selective fertiliznti( "
since reciprocal crosses of Emmer X Vulgare weats are about a fertil-
as crosses within a single species.

In case of Kubanka X F, considerable selective fertilization might
be expected. Since about 20 percent of the pollen grains are obvioush
aborted and only about 10 percent are functional, there is considemhlr
opportunity for selective elimination of gametes as well as the op'"
tunity for selective fertilization of the functionmal gametes. The data
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Tablel
% Kubanka (T.duwrum) pollinated with Kubanka (K) and the
field (F) and in a greenhouse (G. H.)

jndicated chromosome number

Root tip counts — total number of somatic chromo- l

somes - I
“Back-cross | 28 | 29 | 30 a1 32 33 34 3% 0 |
- ) i | " ! | :
F,xK (G.H.) ! 16 | 2 | 6! 3. 1! 2 1| 2| 33 !
F,xK (F.) l — | =1 =1 == ; b = i

K xF, (G.H) | 20 8 1|2 - I 11 8¢
K xF, (F.) m;_f—___—]~;—,—1—l—l_;—\
| . 736 10] 7] 4! 3] 3] 1| 3} e l
L4 | 4!l oy ! e '\

| \

: Theoretica.l‘)..J[ 1 | 4 1 18] 18 | n

/

presented in Table 1 indicate, however, that there is no more selective
olimination of male gametes than of female gametes.

Chromosome counts from root tips should give a true random
sumple of gametes which function because most seeds germinated and
there should be no selective elimination of segregates. Since the root
tip counts are similar to pollen mother cell counts in their frequency
distribution it appears that the latter counts are a true random sample
of functional gametes.

Counts of F; x Kubanka and the reciprocal cross show that both
the F, egg cells and F, male gametes have 14 chromosomes far more
frequently than would be expected on the basis of random distribution
of the 7 single chromosomes. Segregates with 35 somatic chromosomes
would be expected as frequently as those with 28 but only 4 plants
with 35 chromosomes were found among the 151 segregates while 71 or
almost half of the segregates had only 28 chromosomes in the root tips
or 14 pairs of chromosomes at the reduction division. Only 22 segregates

" or about 15 percent had either 381 or 32 somatic chromosomes although

with random distribution of univalents and no seleotive elimination
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Karl Sax

of gametes more than half of the segregates should have these
counts. Even if we assume that gametes with an intermediate
chromosome number are the only ones which do not function,
selective elimination would not be sufficient to account for the excess
of 14 chromosome gametes and paucity of 21 chromosome gametes.

The excess of Emmer tvpes of segregates in crosses of Emmer
X Vulgare wheats has been mentioned by a number of investigators.
Since such segregates have 14 chromosomes the excess of 14 chromo-
some segregates seems to be general in these species hybrids. Mali-
nowski has suggested that the excess of these segregates may be due
to the loss of univalents in the reduction division of F; and subsequent
generations. These lost chromosomes can be seen in the cytoplasm
of the newly found microspore but they ultimately degenerate and
can not be seen at later stages. In fixed material of Marquis X Kubanka
560 lost chromosomes were found in 1562 microspores while in aceto-
carmine mounts 103 lost univalents were counted in 176 microspores.
Usually only one lost chromosome was found in a microspore but occa-
sionally 2 were present. Such a chromosome loss would of course in-
crease the proportion of gametes with a chromosome number approach-
ing 14 but it would not account for the great excess of such gametes.

All of the various factors which might reduce the chromosome
number of F; gametes; — loss of univalents, selective elimination of
gametes, and possibly selective fertilization, do 119( seem to be ade-
quate to account for the great excess of 14 chromosome gametes. In
the back crosses described above it is possible that univalents are fre-
quently eliminated in early embryonic development except when @
complete set of 7 univalents are present. Such behavior would account
for the chromosome counts in back cross segregates, but there is at
present no cytological evidence to support this theory.

There are many questions in regard to chromosome behavior,
sterility, and genetic behavior in hybrids of Emmer X Vulgare wheats
that remain unanswered. In general we may conclude, however, that
sterility in these wheat species hvbrids is primarily due to incomplete
sets of chromosomes, that the 14 Emmer chromosomes are essentially
similar to the 14 Vulgare chromosomes with which they pair, that the
7 extra Vulgare chromosomes determine most of the typical characters
of this group of wheat species, and that the desirable and typical cha-
racters of the Emmer and Vulgare wheats can seldom if ever be combined
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Chromosome Behavior in Triticumm Hybrids 1275

m-to]ogical studies of Aegilops X Trilicum crosses in relation

to the origin of the cultivated wheat species

percival has suggested that the vulgare wheats have orginated
from Crosses of the Emmer wheats with Aegilops ovata and Adegilops
cylindrica.  This conclusion is based on the fact that these Aegilops
species POSSess most of the characters which differentiate the Emmer
and Vulgare wheats. The large number of Vulgare varieties and their
wide distribution is also attributed to the supposed hyhrid origin of
this group of wheat species. The following differentiating characters
of the Vulgare wheats are found in either Aegilops ovata or A. cylindrica
or both: — (1) Long hairs on ridges of leaves with shorter hairs or
pone on sides of ridges, (2) Thin walled hollow culms, (3) Tough non-
Jisarticulating rachis, (4) Rounded back of empty glume, (5) Absence
of prominent keel on outer glume, (6) Short awns, (7) Large number
of culms, (8) Spreading habit of growth resembling that of “winter”
wheat, (9) Head wider across the spikelet, (10) Glume broad at apex,
(11) Soft grain, and (12) Susceptibility to rust. These characters are
not alwayvs confi}léa to the Vulgare wheats but in general they are not
found in species of the Emmer group.

The relationship between Aegilops and Triticuwm has been of interest
since Requiem discovered a wheat-like plant in France which he called
Aegilops triticoides. Fabre found that Aegilops triticoides developed
from seeds of Aegilops ovala, which he considered as the progenitor
of common wheat. Godron also found Aegilops triticotdes growing
from seeds of Aegilops ovala and conducted crossing experiments in
which he showed that A. triticoides was the result of pollinating A. ovala
with wheat pollen. A. triticoides back crossed with wheat produced
4 still more wheat-like plant called Aegilops speltaeformas. These plants
were partially self fertile and in one case remained constant with in-
creased fertility in succeeding years.

A number of other investigators have crossed Aegilops with wheat.
In most cases the Fy plants were completely sterile. A detailed summary
of this work has been presented by Leighty, Sandow and Tavlor.
These investigators have also made NUmMErous CrosSes of Aegilops
with different wheat species and obtained a few F, plants which
were partially self fertile. Back crosses of Aegilops ovata X Triticum
F, with wheat pollen produced 73 seeds from 3,088 flowers pollinated
or 2.4 percent. These A. spellaeformis types thus obtained were
partially selffertile.
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1276 Karl Sax

The cytological analysis of Aegilops X Triticum hybrids is of great
value in explaining the relationships of these two genera. If the Vulgare
wheats are the result of hybrids between Aegilops and the Emmer
wheats, some of the Aegilops chromosomes should be compatible with
some of the Vulgare chromosomes. In the Emmer X Vulgare hybrids
cytological studies indicated that the 14 Emmer chromosomes are com-

Fig. 1—12
Chromosome behavior at the first reduction divison of microsporemother cells

Figures 1—4 were drawn from permanent preparations. All other figure:
are from aceto-carmine mounts.

Aegilops ovata x T.dicoccum F,
Fig. 1. The 28 unpaired chromosomes in a typical divison stage.
Fig. 2. Irregular distribution of the chromosomes to the poles.
Figs. 3 and 4. Microspores resulting from the irregular reduction divisions.

patible with, and similar to, the 14 Vulgare chromosomes with which
they pair. Apparently 14 of the 21 Vulgare chromosomes are from
the Emmer wheats. We might expect then that the extra 7 Vulgzare
chromosomes would be compatible with 7 of the Aegilops chromosomes
if the Vulgare wheats have originated from Aegilops X Emmer crosscs

Both Aegilops ovata and A. eylindrica have .14 pairs of chrome”
somes. In a cross of Aegilops cylindrica X Triticum the writer el '+

fou
sin
Ae

Cro
ing

Fi
Fi
Fi
¢h
Sir
of

fin
Pl






Chromosome Behavior in Triticum Hybrids 1277

fohnd that there were approximately 7 pairs of chromosomes and 21
ipgles at the reduction division in F, anthers. Presumably 7 of the
pgilops chromosomes pair with 7 of the Vulgare chromosomes leave
Aegilops and 14 Vulgare chromosomes as univalent. In a similar
ss using A. ovata instead of cylindrica Percival suggests that pair-
-l occurs among the 14 Aegilops chromosomes, leaving the 21 Vulgare .

A . PR PNTTR.
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Fig. 8

(Aegilops ovata x T.dicoccum) Fy x T. dicoccum

Fizs. 5 and 6. Metaphase of first reduction division showing typical arrangement
of 14 bivalents and 14 univalents.

Fif. 7. The 14 bivalents have divided and one group is shown as the split chromo-
somes approach the pole. The 14 univalents are still near the plate while
the other 14 members of the bivalents are not included in this figure.

Fif. 8. A side view of a somewhat later stage than that shown in figure 7.
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chtomosomes as univalents in the Fy reduction division. It is improbable,
however, that the univalent chromosomes pair with each other
«ifce in a haploid plant of T.vulgare Gaines and Aase find no pairing
of | chromosomes at reduction and in wheat-rye hybrids Thompson
findds no pairing of chromosomes at the first reduction division in F,
plints.
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1278 Karl Sax

In a cross of Aegilops ovata with an Emmer wheat Gaines and
Aase find no pairing of chromosomes. The writer has found the same
behavior in a cross of 4. ovata X T. dicoccum. The random distribution
of the unpaired chromosomes is shown in figures 1 and 2. The uni-
valents apparently pass to one pole or the other at random without
dividing. For the second reduction division the chromosomes divide

Fig. 11 Fig. 12

Aegilops ovata x T.dicoccum F, segregates.
Fig. 9. Metaphase showing 14 bivalent and 14 univalents.”
Figs. 10 and 11. Metaphase showing 14 bivalents and 21 univalents.
Fig. 12. Typical behavior of 14 bivalents and 14 univalents in the first reduction
division. V

.

very irregularly and form microspores of various sizes and presumably
with widely different chromosome numbers. The chromosomes are
frequently not included in the nuclei and lie free in the cytoplasm ot
form small supernumerary nuclei in the microspores. Most of the tetrads
are similar to the one shown in figure 4 but types such as shown in figure 3
are numerous. If chromosome assortment is at random the male gametes
should have from 0 to 28 chromosomes. Sterility occurs in Iy and de-
hiscence of anthers occurs only rarely. A total of 204 seeds were obtained







Chromosome Behavior in Triticum Hybrids 1279

it
{
¥ E
Y

S ek T

e A R o S R RN

et
S

Figure 13

Above: Aegilops ovata and Triticum dicoccum.

Below: I, segregate of A.ovata x T.dicoccum and segregate of I, pollinated
with T.dicoccum. TheseF, and back-cross segregates resemble T.vulgare in many
respects. The plants are almost completely sterile and when mature the glumes
are more compact and do not resemble the common wheats so closely.
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. 1280 Karl Sax

from 1394 F, spikelets, — a surprising degree of fertility in view of
the sterility of the anthers.

The F, segregates were very vigorous and were like the F; back
crossed with Emmer to be described later. About 35 of these plants
were grown in the greenhouse for cytological studies. A cytological
study of F; X Emmer indicates that all functional F; egg cells have
98 chromosomes, so that F, chromosome counts can be analyzed on
this basis.

Four F, plants had 14 pairs of chromosomes and 14 univalents
at reduction of pollen mother cells as shown in figure 9. The bivalents
divide normally but the singles lag an divide after the bivalents
reach the poles (Fig. 12). In 8 plants there were 14 bivalents and 21 uni-
valents at reduction as shown in figures 10 and 11. If the F; egg cells
have 28 chromosomes then the functional male gametes have 14 and
21 chromosomes in the F, segregates described above. It is possible
that the F, egg cells were pollinated with pollen from Emmer and
Vulgare plants growing in the same field, although all of the F; heads
which first appeared were used in back crosses and the heads which
were open pollinated did not flower until most of the Emmer and Vul-
gare varieties has ceased shedding pollen. With random chromosome¢
assortment the F; male gametes should have from 0 to 28 chromosomes
and presumably those with chromosome numbers in multiples of 7 would
be most functional. The high degree of fertility of F, egg cells suggest
that the 28 chromosomes of the female gametes are not the result of
random assortment of the chromosomes but are the€ result of non-
reduction of the chromosomes. If non-reduction occurred in F, plants
we might expect female gametes with 49 chromosomes and if chromo-
some behavior in pollen formation is typical of other ‘wheat crosses
the male gametes would have from 14 to 35 chromosomes in certain
of the F, segregates. In Fj it might be possible with such chromosem®
behavior to obtain, in rare cases, segregates with 84 chromosomes -~
twice the number found in the Vulgare wheats. In F, we already hav
segregates with 49 chromosomes. Unfortunately these F, plants arv
almost completely sterile; only 2 seeds were obtained from 180 F.
heads. As shown in figure 14 these segregates are larger than typical
plants of T.vulgare grown under the same conditions.

The cytological evidence so far supports the theory that the Vulgar”
wheats have originated from crosses of Emmer wheats and Aegilops
species. Aegilops cylindrica has 7 chromosomes which pair with 7 Vulgar®
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chromosomes. Unfortunately no crosses of 4. cylindrica with an Emmer

wheat have been studied cytologically. Aegilops ovata chromosomes do
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Figure 14

A typical F, segregate of Aegilops ovata x Triticum dicoccum. The back cross
segregates, I, x T.dicoccum are essentially the same but have longer awns.
A typical Vulgare variety, Marguis, is shown at the right

not pair with any the 14 Emmer chromosomes in the crosses studied by
Gaines and Aase and the writer. These results support the

suggestion made by Gaines and Aase that there are four sets of chro-
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1282 Karl Sax

mosomes in these two genera. The Einkorn group has set A or B,
the Emmer group sets A and B, the Vulgare group sets A, B and C.
while Aegilops enlindrica or A. ovala has sets C and D. Presumably
chromosome sets A and B of the Vulgare wheats came from the Emmer
ancestors while set C was contributed by one of the Aegilops species.

These conclusions are further supported by cytological and genetic
results with back crosses of Aegilops ovata X T. dicoccum Fy pollinated
with T. dicoccum. This cross was made to determine the chromosome
number in the F; egg cells. From 714 F; flowers pollinated with 7'. d/-
coccum pollen 27 grains were obtained. Twelve plants were grown in
the greenhouse and with one exception all plants appeared to be iden-
tical in morphological characters. A cytological study of 6 of thes:
plants showed in every case 14 pairs of chromosemes and 14 univalents
at the first reduction division. This result means that in every case
studied the egg cell had 28 chromosomes, 14 from the Emmer parent
and 14 from the .degilops parent, due presumably to the absence of
a normal reduction division. When such egg cells were pellinated with
Emmer pollen the Emmer chromosomes presumably paired with the
Emmer chromosomes of the F, plant leaving 14 Aegilops univalents in the
reduction divison of the back crossed plants. This chromosome behavior
at the first reduction divisicn of the pollen mother cells is shown in figures
5 6,7 and 8. The bivalents divide normally. The univalents lag bekind
but ultimately divide. The second division is irregular and few normal
pollen grains are found. Only 10 seeds were obtained from 65 heads.

These plants resulting from F, X Emmer have 28 Emmer chromo-
somes and 14 Aegilops chromosomes — the }I/pposed chromosome
combinations of T'.zulgare, with the exception that the .degilops chro-
mosomes are not members of the same set of 7. Accordingly the irregular
distribution of the degilops univalents results in a high degree of sterility.
This chromosome combination does, however, result in plants which
possess many of the typical Vulgare characters. When young, th-
plants have a rather spreading habit of growth resembling that of
Aegilops orala and the so-called “‘winter” wheats of the Vulgare group-

- There are usually about 10 culms per plant, even more than found

in the Vulgare wheats when grown under the same conditions
Fig. 14). The culms are hollow and thin walled; the rachis is nen-fragile
but disarticulates at the first node; the outer glumes are only slightly
keeled, are broad at apex and are awned, often possessing a small 3¢
condary awn; the flowering glume is awned with a small secondart
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awn in many cases; the leaf hairs are similar to those of the Vulgare
« heats but are longer. The grain shape resembles that of the Emmer
Jarent but in many other respects these segregates resemble the Vulgare
wheats and particularly in those characters which distinguish the Emmer
and Vulgare groups. These Aegilops X Emmer back crossed segregates
might be even more like the Vulgare wheats and would be fertile and

pomozygous if the Aegilops chromosomes present consisted of a single

' Jiploid set instead of two sets in the haploid condition. In view of the

antiquity of the Vulgare wheats it is also possible that many genetic
changes have occurred since the origin of this group of wheat species.

The cvtological work with wheat species and allied genera has shown
(he primary reason for sterility in wheat species hybrids, the cause
of the unusual genetic results in partially sterile wheat hybrids and the
Jdifficulty in combining the desirable and typical characters of the
vulgare and Emmer wheats, and finally cytological studies have shown
the probable origin of the bread wheats and suggest methods of produc-
ing new species which may be of even greater value.
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