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Abstract The alloplasmic wheat varieties Chris with 10 different Adegqiops cytoplasms were used as the cytoplasm
donors. A whole series of 1B/1R translocation lines, such as 77(2) and others, and both progeny plants or lines of recip-
rocal with same sterile nucleus gene but defferent cytoplasms served as nucleus donors. Under 5 sterile cytoplasm back-
grounds the new maintenance lines with much easily restoring performance were bred by crossing, repeated substitution
backcrossing and sterility coverting. The results from test cross and fertility analysis indicated that; 1) the restoring de-
gree in F, between the new sterile lines and some varieties or lines is all over 90%. 2) The male sterile line with Ae. u-
niaristata cytoplasm is mainly conditioned by one major recessive gene, and the sterility with Ae. ventricosa, Ae. kotschyi,
Ae. variabilis and Ae. bicornis sterile cytoplasms, namely their 1B/ 1R sterile lines,is the sterile induced by interaction be-
tween 1RS fragment and the 4 cytoplasms because of fertility gene deficiency. 3) No a haploid plant to be found in the
sterile line and F; with Ae. uniaristata cytoplasm. The haploidy induced by 1B/1R sterile lines with 4e. ventricosa, Ae. kotschy
i, Ae. variabilis and Ae. bicornis cytoplasms is side effects caused by the sterile induced by special interaction of 1B/1R
traslocation a‘v:hromosome and the 4 cytoplasms above. But their sterile lines without haploids bred by new maintenance
lines showed that the haploid plants may disappear with different nucleus genetic background of sterile line. In ad-dition,
the 5 sterile lines above not only possess widly easy restorer performance but also have a certain interaction ralationships.
It supplied favourable condition for simplify procedure producing hybridseed.
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sources

With the difficulties of the limited restoration sources, the wrinkled seeds and the low germination
ability encountered in sterile cytoplasm of Triticum timopheevi, and the problems of a certain rate of hap-
loid and a greater variation in the restoring degree appeared in the male sterile lines of 1B/1R wheat
with Ae. kotschyi, Ae. varwbidis cytoplasms. They have not been widely utilized to production so
farl1-2:3:4:51 Therefore, it is very necessary to make further efforts to find new sources of male sterile
cytoplasm. The present investigation is a part of our research work on new maintainer lines of Ae.

kotschyi and Ae. variabilis cytoplasms and new sterile cytoplasmic resources.

1 MATERIALS AND METHODS

The 10 fertile alloplasmic wheat varieties introduced from North Dakota University, USAL®
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used as the female parents (Tablel), and the 1B/1R translocation line 77(2)B)as the male parent.
Firstly . the 10 crosses and the subsequently repeated substitution backcrossed were made. Then on the
basis of fertility the fertile combinations were eliminated and the sterile ones, besides continuous back-
crosses with original recurrent male parent, were widely test crossed with a great number of wheat vari-
eties or lines, including a series of 1B/ 1R translocation lines, so as to identify their maintenance,
restoration performance and haploid frequency. Finally, the particular combination exhibited high-ster-
ile but difficultly maintained in the repeated substitution backcrosses was again crossed and continu-ous-
ly backcrossed with both progeny plants or lines of reciprocal cross with different cytoplasms.

The fertility was identified by seed set of selfed main stem spike after maturity, and the pollen
grain was observed with acetic carmine staining to partial materials. The haploid was identified by the
chromosome number of root tip; the morpha of plants and the percentage of seed set in open pollina-

tion.

2 RESULTS AND DISCUSSION

2.1 Fertility Performance of F,

The average percentages of seed set of 3cytoplasm donors from Ae. vertricosa, Ae. variablis, Ae.
kotschyi , Ae. bicornis and Ae. umaristata were obviously lower than thoes of the rest. The percentages of.
seed set in F, were 6.3, 16.7, 20. 4, 24. 8 and 38. 2%; in proper order. The fertility ranged from
highly to half sterile. But the average percentages of seed set of the rest 5 combinations, namely cyto-
plasm donors from Ae. cylindrica, Ae. crassa, Ae. longissima, Ae. squarrasa and Ae. juvenalis, ranged from
half to low sterile. They were 47. 2, 60.5, 63.5, 66. 0 and 72. 8% respectively (Table 1).

The results from F; indicate that there are certain fertility differentiations in cytoplasms tested
because all F, are the same nuclear type and only the female cytoplasms are not quite the same.

Table 1 Fertility performances of F, hybrids between the alloplasmic Wheat varieties of 10 defferent

Aegilops cytoplasms and 77(2)
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( Ae. rentricuss}-Chris™s 77(2) 53 37 69.8 16 30.2 6.3
(Ae. rarabths )-Chris X 77(2) 25 15 60.0 10 40.0 167
e, kotschgn)-Chnis = 77(2) 27 2 7.1 14 51.9 11 40.7 20,4
(Ae. becurms )-Chris X 77(2) 39 29 49.2 12 20.3 i8 30.5 24.8
(Ar. umiaristata) -Chris X 77(2) 44 2 4.3 13 29.8 11 25.0 18 40. 9 35,2
t Ae. cyhadrica)-Chris = 77(2) 49 12 24.5 15 30.6 15 30.6 7 14.3 17.2
(de. crassu)-Chnis ™« 77(2) 5u 5 10.0 9 18.0 24 48. 0 12 24.0 60.5
CAe. mgaszma ) -Chris < 77(2) 49 14 28.6 25 51.0 10 20.4 63.5
(Ae. squarrosa)-Chris X 77(2) 42 7 16.7 25 59.5 10 23.8 66. 0
(Ae. juvenales)-Chris x 77(Z) 34 23 67.6 11 32.4 72.8

Note a) Fertility level is expressed as percentage of seed set in selfing
number of seeds set in basal two florets of fertile spikelets per spike

number of fertile spikelets per spike X 2 X100

percentage of seed set in selfing=
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2.2 Fertility Performance of Backcross Progenies

When the F, hybrids above were continuously backcrossed with the original male parent 77(2),
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the fertility was segregated. The fertility of the cytoplasms from Ae. cylindrica, Ae. crassa, Ae. longissi-
ma, Ae. squarrosa and Ae. juvenalis was normal in fertility. Such as in BC,,the percentage of seed set
was 63.7, 72. 0, 70.7, 78. 2, and 79. 3% respectively. The fertility of the cytoplasms from Ae. ven-
tricosa, Ae. variabilis, Ae. kotschyn and Ae. bicornis was completly sterile and only the initial generation ex-
hibiting sterile was different(Table 2). Their anthers were all thin,dry and plumpless; although the fil-
ament extruded to glume outside, the anthers did not split; the pollen in anther was little and the few
components in the pollen could only be seen using acetic carmine staining; most pollen generally kept
in singlenucleus or twonuclei period; a little pollen could even develp to threenuclei period, but the
male nuclei were abnormal and had no bearing ability.
Table 2 Fertility performances of backcross progenies between 4 alloplasmic

wheat varieties and 77(2)
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(Ae. venfrwosa)-Chris X 77(2) BC, 1z 90 76.9 100. 0 27 23.1 8.5 2.8-18.4
BC:2 39 32 82.1 100. 0 7 17.9 4.2 2.8—5.6
BC3 66 66 100. 0 100. 0 0 0 0 —
BCq 115 115 100. 0 100. 0 0 0 0 —
(Ae. verabnles)-Chris X 77(2) BC, 45 18 40. 00 100.0 27 60.0 21.1 2.5-39.5 1.1 0.1-0.25
BC: 65 65 100. 0 100.0 0 0 0 —
BC3 94 94 100. 0 100. 0 0 0 0 —
(Ae. kotschyp)-Chris X 77(2) BC, 33 14 42.4 100. 0 19 57.6 17. 4 2.6-38.5 1.1 0.25-0.50
BC: 40 40 100. 0 100. 0 0 0 0 —
BC3 69 69 100. 0 100. 0 0 0 4 -
( Ae. breormes)-Chris X 77 (2} BC, 20 20 100. 0 100. 0 0 0 0 —
BC: 32 27 84. 4 100. 0 5 15.6 5.7 2.6-8.8
BC; 84 62 73.8 100. 0 22 26.2 31.5 2.8—68.4
BCy 115 115 100. 0 100. 0 0 0 0 —
BCs 60 60 100.0 100. ¢ ] 0 4 —
(Ae. umarstata)-Chris X 77(2) BC, 34 6 17.6 100. 0 28 82.4 27.6 3.3-42.9
BC2 37 7 18.9 100.0 30 81.1 15. 4 2.3-52.6
BC3 26 0 0 — 26 100.0 30.9 18.4-57.9
BCy 29 4 13. 8 100. 0 25 86. 2 18.7 2.7-45.2

Note; a) The rate of sterile plants is the percentage of completely sterile plants covering total ones examined.
number of sterile florets in basal two florets of fertile spikelets per spike
- . " X 100.
number of setting spikelets per spike X 2

c) The fertile degree is the percentage of seed set in selfing.
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Notably, the fertility of backcross progenies in (Ae. uniaristata)-Chris X 77 (2) has been segre-

b) Sterile degree=

gated and all the percentages of the sterile plants were lower than the ones of the fertile. But the fer-
tile degree of all fertile plants was very low, and it was stably between the highly to half sterile. Thus
both progeny plants of lines of reciprocal cross with different cytoplasms were selected as male parents
again. The male parent 1 was the high-sterile plant of F, between ms (T. aestivum)-Aiganzao and (Ae.
squarrosa)-84-241, of which the average percentage of seed set in selfing was 16. 3%. The male par-
ent 2 was the progeny plant or line derived from-(Ae. squarrosa)-84-241 X [ ms (T. aestivam) -Aiganza-
0 X (de. squarrosa) 84-2417 F;®), First, (Ade. uniaristata)-Chris was crossed with the male parent 1,

and the F, was strictly selfed. Then the completely stierile plants selected from F, were successively
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backcrossed with the male parent 2 in pairing. Following this way, when the female parent was
crossed with the male parent 1. their F, were fertile, but the fertile degree was much lower (only 26.
395). When the F, was selfed the F, fertility was segregated. 42 out of 53 plants abtained were fertile
and the other 11 plants were completely sterile. The rate between the fertile and sterile plants was near-
ly 3: 1. The completely sterile plants segregated from F, were again backcrossed with the male parent
2 and the fertility from BC; to BC, was segregated, but the rate of the sterile plants in progenies was
greatly increased and all plants were completely sterile in BC; and BCs. The morpha of the aberrant an-
thers was similar to the sterility of 4 sterile cytoplasms above, but thie pollen was gener-ally kept in sin-
gle-nucleus or two-nuclei period.

The fertility of backcross progenies further verified the differentiation of 10 Aegilups cytoplasms in
table 1 in fertility. Based on this differentiation, new male sterile cytoplasm can be found under spe-
cial interaction between nucleus and cytoplasm.

2.3 Identification of Maintenance and Restoration Performance of 5 Male Sterile Types

The 5 male sterile types bred above were test crossed with 153 wheat varieties or lines as corre-
spondingly as possible. When the male parents were the 1B/1R traslocation lines, such as Yanshi 9,
80(6) and so on, the plants of F; were all completely sterile under the sterile cytoplasm backgrounds
of Ae. ventricosa, Ae. varighilis, Ae. kotschyn and Ae. bicornis. When the non-1B/1R lines were used as
male parents, such as Xiaoyan 6, Xiaoyan 168 and so on, all the plants of F,, except the haploid
plants, were fertile, but the fertile degree was different in different cytoplasms and different combina-
tions of the same cytoplasm. The average percentages of seed set of all F; ranged from 5. 7 to 97. 7 ;.
In addition, it is a few F, hybrids segragated in fertility. In the sterile line with Ae. uniaristata cyto-
plasm the F, fertility of 4 test cross parents (89-10-139, 89-7-97. 90-7-7 and 90-7-88) out of 90
combinations were completely sterile. They only accounted for 4. 4% of all test cross combinamions.
The other 86 ones were all fertile, up to 95. 6%;. Notably, there is also obvious difference in the
restoring degree of different combinations. The percentages of seed set were between 2. 4 and 94. 7%.
Their direct reason remains to be further studied. According to the results from this study it may be
considered to be related to the components of restorer gene in nucleus of every male parent of test cross-
es. In the test cross F;, the fertility is conditioned by 4 different forms; there are both the major restor-
er gene and the modifying gene enhancing the fertility in nucleus; there only exists the major restorer
gene; besides the major restorer gene, there also exists the inhibiting gene; and there only exists the
modifying gene enhancing the fertility. The F; percentages of seed set of the 4 different nucleus geno-
types are 81%~100%, 51%~80%, 21%~50% and 1% ~20% in proper order. Of course, fer-
tility may be influenced by the new genetic background of F; and the environment.

2.4 Haploid Frequency of B.ckcross Progenies and F, from Test Crosses

The haploid frequency of ms (Ae. ventricosa)-77 (2), ms (Ae. variabilis)-77 (2), ms (Ae.
kotschyi)-77(2) and ms (Ae. bicornis)-77(2) were investigated and they were 13. 3, 16.7, 19.7 and
3. 7% respectively. The haploid plants were also found in F, of test crosses, but under different cyto-
plasm backgrounds and different combinations of the same cytoplasm the haploid frequency of F; was

obviously different. The order of Ae. ventricosa, Ae. varwbilis, Ae. kotschyi and Ae. bicornis cytoplasms
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was 0-50. 8%, 0-55.6%. 0-77.8% and 0-25. 0% respectively. It shows that there are inhibiting
and enhancing effects, as for the male parent, for haploid. Notably, when the sterile lines with Ae.
ventricosa, Ae. variabilis and Ae. kotschyi cytoplasms were successively backcrossed using 90-110 no hap-
loid plant was found from BC, to thé subsequent backcross generations, and when the sterile cytoplasm
of Ae. bicornis was repeatedly backcrossed with 89-78 no haploid plant was found from BC, to high gen-
erations either and their progenies were all compltely sterile. Especially, both 90-110 and 89-78 are
semidwarfing cultivars, and the growth vigor is normal, and the seeds are plump under sterile cyto-
plasms, and easily restoring performance is much highly. They can be used directly to combine the fine
combinations in bybrid wheat. In the sterile line with Ae. umigristata cytoplasm no haploid plant is
found.
2.5 Maintenancerestoration Relationships Among 5 Sterile Cytoplasms

The results from test cross indicate that the most 1B/1R translocation lines [77(2), Shaan 7859,
78(2),8222 and others ] are all the maintainer lines of the male sterile lines with Ae. ventricosa, Ae.
vartabilis, Ae. kotschyi and Ae. bicornis cytoplasms, but they are all the direct restorer lines for sterile cyto-
plasm of Ae. uniaristata; The 89-7-97 is the restorer line of Ae. kotschyi and Ae. variabilis sterile cyto-
plasms, but completely sterile for Ae. uniaristata cytoplasm. The E32-1 is completely sterile for Ae. ven-
tricosa cytoplasm, but normaly fertile for Ae. variabilis, Ae. kotschyn, Ae. bicornis and Ae. umaristate cyto-
plasm. On the contary, the 89-10-139 is the restorer line of Ae. vemtricosa cytoplasm, but completely
sterile for Ae. uniarisiata cytoylasm. The 9Q-110 is sterile for Ae. ventricosa, Ae. vartabilis and Ae. kotschy
cytoplasms, but completely fertile for Ae. wcorms. If the maintenancerestoration relationships among
these sterile cytoplasms are further studied, the breeding procedure of hybrid wheat will be greatly
clarylied and the single sterile cytoplasm existed in hybrid wheat utilization can also overcome so as to

speed the application of bybrid wheat to production as early as possible.
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