
Introduction

Bread wheat (Triticum aestivum L., AABBDD,
2n = 42), because of its peculiar origin involving
interspecific hybridization, chromosome dou-
bling, instant isolation from parental species
and modern breeding procedures, has a very nar-
row genetic base, which limits their improvement
(Lange and Jochemsen 1992; Thomas et al. 1998).
To meet the breeding request of high and stable
production, permanent resistance and good qual-
ity, it is essential to make concerted and consistent
efforts to conserve and exploit the valuable wheat
genetic resources.

The cultivated durum wheat (Triticum durum

Desf.) is a tetraploid with A and B genomes

(AABB). It is not only the main source of semo-

lina for the production of pasta, couscous, burghul

and other Mediterranean local end-use products,

but also provides many beneficial traits, including

resistance, environmental stability, yield poten-

tial, and high quality for bread wheat improvement

(Nachit 1992; Dhaliwal et al. 1993; Ma et al. 1995;

Huang et al. 2003). Owing to the common A and B

genomes, durum wheat is easily used to improve

bread wheat by interspecific hybridization with

homologue chromosome pairing and recombina-

tion. With respect to the genetic diversity

and the ease of transfer of valuable genes, it has

been proposed that T. durum is one of the most de-

sirable donors for bread wheat improvement

(Dhaliwali et al. 1993; Blanco et al. 2001;

Valkoun 2001). Crossing with bread wheat di-

rectly or crossing with the diploid Aegilops

tauschii Coss. (2n = 14, DD) to synthesize

hexaploid wheat artificially, were two alternative

ways to utilize the durum wheat genetic resources.

The genes correlated with adverse traits located
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in the D genome of A. tauschii could be avoided

by means of crossing with bread wheat directly,

which might significantly improve the breeding

efficiency of transferring desirable genes from

durum wheat to bread wheat.
The pentaploid F1 hybrids (AABBD) between

durum wheat and bread wheat would produce
a number of aneuploid F2 progenies resulting from
D-genome chromosomes without pairing. Due to
the vital importance of the F2 population in breed-
ing selection, the objective of this study was to in-
vestigate the chromosomal and agronomic traits of
the F2 hybrid population between durum wheat
line As295 and bread wheat cultivar
Chuannong16, which is useful to design a strategy
of bread wheat breeding for rapid genetic
introgression of durum wheat.

Material and methods

Plant materials

The durum wheat line As295 was provided
by the germplasm lab of the Triticeae Research In-
stitute, Sichuan Agricultural University. The new
bread wheat cultivar Chuannong 16 (CN16) was
developed by the same Institute. The F2 population
was obtained by self-pollination of F1 interspecific
hybrids between As295 (as female) and CN16.
Fifty-five F2 plants were characterized.

Cytological observation and agronomic

trait evaluation

The F2 seeds were germinated in an incubator
at 25°C. When they grew to 1–2 cm, some roots
were cut and placed in finger-tubes. After pretreat-
ment with ice-water mixture for 24 hours,
the roots were fixed in the Carnoy solution (etha-
nol: acetic acid = 3:1) and next stored at 4°C. Each
seedling was assigned the same number as its root
and then planted in the field. After treatment with
Feulgen stain, root tip chromosomes were ob-
served and counted. At the appropriate period,
the young spikes of the hybrids were fixed

in the Carnoy solution. The pairing configuration
of at least 48 pollen mother cells (PMCs) stained
with acetocarmine for each spike was observed
at metaphase I. The I2-KI solution was used to de-
termine pollen fertility, and blue pollen grains
were considered as fertile.

Plant height, spike number per plant, spike

length, and spikelet number per spike of 55 indi-

viduals were measured. The protein content

of the parents and F2 hybrids was determined

with a Kjeldahl Block (BUCHUI, China).

Statistical analysis

The correlation analysis was carried out to deter-

mine the relationships between chromosome num-

ber and agronomic traits. The relationships among

univalents, bivalents and multivalents were also

analyzed. The �
2-test was carried out to analyze

the consistency of chromosome distribution in F2

hybrids between this study and Kihara’s (1982) re-

sults. The mean number of lost chromosomes

in gametes was estimated, without consideration

of the difference between male and female ga-

metes, according to the formula:

M = 7– (C – 28)/2

where M = mean number of lost chromosomes

and C = mean chromosome number in all the F2

plants.

Results

Number of root tip chromosomes

On average, the F2 population had 2n = 36.54
chromosomes per plant, indicating that each ga-
mete lost 2.73 chromosomes at meiosis of the F1

generation. The chromosome numbers ranged
from 29 to 42, and the frequency distribution
of chromosome number is shown in Table 1.
The plants with 36 and 39 chromosomes were
the most frequent, each accounting for 18.18%
of the total number of plants. The frequency
of plants with 37 and 38 chromosomes reached
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Table 1. Chromosome distribution frequency in F2 hybrids between Triticum aestivum and T. durum in this study

and Kihara’s (1982) study

Chro-
mosome
number

28 29 30 31 32 33 34 35 36 37 38 39 40 41 42

This
study

0 5.45 3.64 3.64 1.82 1.82 3.64 3.64 18.18 10.91 16.36 18.18 7.27 3.64 1.82

Kihara
(1982)

1.37 3.26 5.21 6.10 6.40 6.89 7.59 10.29 12.45 13.19 11.62 8.59 5.02 1.68 0.34



10.91% and 16.36%, respectively. The plants with
32, 33 and 42 chromosomes appeared at a low fre-

quency of 1.82% each. No plants with 28 chromo-

somes were observed. The �
2-test showed that the

frequencies recorded in this study deviated signifi-

cantly (�2 = 43.08*, P > 0.05) from those reported
by Kihara (1982).

Cytological behavior at meiosis

The F2 population had an average meiotic

configuration of 3.59 I + 3.67 rod II + 12.5 ring II

+ 0.19 III + 0.01 IV (Figure 1). Each plant with

the mean of 36.54 chromosomes should

theoretically have at least 15 bivalents, which was

in agreement with the observed mean of 16.17

bivalents. However, in the case of some

individuals, the pairing level was out of

expectation. For example, plant No. 42, with

the pairing level of 2n = 39 = 4.54 I + 2.43 rod II +

13.77 ring II + 0.66 III + 0.02 IV, had more

univalents and fewer bivalents than expected.

Plant no. 46 had 42 chromosomes and similar

morphologic traits to those of the bread wheat

parent, and about 2 univalents were observed in its

PMCs. For the whole F2 population, the univalent

frequency ranging from 1.06 to 6.88% was

correlated to chromosome number. When the

numbers of chromosomes were 34, 35 and 36,

more univalents appeared in PMCs. Multivalents

were observed at low frequencies, which varied

from 0 to 1.78% for trivalents and from 0 to 0.12%

for tetravalents.

We found a significant negative correlation be-

tween frequencies of univalents and bivalents,

but there was no significant correlation between

the frequency of univalents and frequencies

of trivalents and tetravalents (Table 2).

At anaphase I, bridges were observed in about

half the plants. Afterwards, three variants of be-

havior of univalents were observed: (1) both sister

chromatids of the univalent migrated to the same

pole; (2) two sister chromatids of the univalent

were laggard and next divided and migrated to two

poles at anaphase I; or (3) the laggard chromo-

somes formed micronuclei at telophase II.

Pollen fertility

The proportion of stainable pollen or fertility

of the F2 population was 59.43% on average, rang-

ing from 0 to 96.4%. The fertility of only 16 indi-
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Figure 1. Hybrids between T. aestivum (CN16) and T. durum (As295): (a) root tip chromosomes of plant No. 46 with 2n = 42, (b) spikes,

(c) whole plants; (d-f) meiotic configurations of PMCs from plant No. 70, with 2n = 30 = 1 I + 1 rod II + 12 ring II + 1 III: (d) pairing

configuration at metaphase I, (e) both sister chromatids of one univalent migrating to the same pole, those of another univalent

migrating to two poles at anaphase I, and (f) micronuclei appearing at telophase II.



viduals exceeded 80%, whereas in parents

it always exceeded 90%. Kihara (1982) proposed

that plants with the proportion of stainable pollen

below 30% should be considered sterile. Accord-

ing to this threshold, 48 hybrid plants (87.27%)

were fertile in this study.

Agronomic performance and protein content

In the F2 hybrid population, a higher variability
was observed in plant height, spike number per
plant, spike length and spikelet number per spike
than in parents. Plant height ranged from 36 to
118 cm (mean 81.84 cm), spike number per plant
from 2 to 16 (mean 7.04), spike length from 4 to
13.5 cm (mean 9.18 cm), and spikelet number per
spike from 7 to 29 (mean 20). Means of the four
agronomic traits were more similar to those
of the low-value parent. According to the fre-
quency distribution of each agronomic trait,
the plants whose trait values were similar to those
of the low-value parent, always prevailed.
The protein content of F2 hybrids varied from

11.27 to 24.11% (mean 17.19%), so it was always
higher than that of bread wheat. This suggests that
the high protein content was possibly controlled
by the genes of T. durum.

Relations between chromosome number

and agronomic traits, pollen fertility

and protein content

The correlation analysis indicated that chromosome

number was significantly positively correlated with

both plant height and spike length. There were no

significant correlations between chromosome

number and spike number per plant, spikelet num-

ber per spike, pollen fertility and protein content

(Table 3).

Discussion

Normally, chromosomes of female gametes are

randomly transmitted to the progeny. In F1 plants,

the ratio of female gametes with 14, 15, 16, 17, 18,
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Table 2. Mean pairing configuration of F2 hybrids between Triticum aestivum and T. durum, and correlations

between the frequency of univalents and frequencies of bivalents, trivalents and tetravalents

Pairing configuration

I rod II ring II total III IV

F2 3.59 3.67 12.5 16.18 0.19 0.01

r –0.2983* –0.1641 –0.062

* Significant at P > 0.05

Table 3. Agronomic traits, chromosome number, and correlation between chromosome number and agronomic

traits in F2 hybrids between Triticum aestivum (CN16) and T. durum (As295)

Trait CN16 As295 F2 hybrids Correlation

Chromosome number Max
Min
Mean

42
42
42

28
28
28

42
29
36.55

Plant height (cm) Max
Min
Mean

82
78.6
80

143.3
139
142

116
38
81.84 0.3729*

Spikes per plant Max
Min
Mean

18
15
16

11
7
9

16
2
7.04 0.2324

Spike length (cm) Max
Min
Mean

9.5
8.2
9

16.7
13.8
14.8

13.5
4
9.18 0.4978*

Spikelets per spike Max
Min
Mean

23
19
21

29
25
27

29
7

19.58 –0.1133

Pollen fertility (%) Max
Min
Mean

100
95.2
98.6

98.4
92.3
97.4

96.4
0

59.43 0.1216

Protein content (%) Max
Min
Mean

10.43
9.88

10.09

19.95
19.02
19.69

24.11
11.27
17.19 0.1421

* Significant at P > 0.05



19, 20, 21 chromosomes should be (1+1)7,

namely, 1 : 7 : 21 : 35 : 35 : 21 : 7 : 1. However,

male gametes with 14 or 21 chromosomes seemed

to be superior to the others during competition

(Kihara 1982). Thus, in theory, plants with 31, 32,

38 and 39 chromosomes should appear at higher

frequencies. In the present study, more than half

of plants had 36–39 chromosomes, but plants with

31 or 32 chromosomes were observed at low fre-

quencies. These results indicate that male gametes

with 19–21 chromosomes were superior to

the rest. It means that male gametes with 5–7

D-genome chromosomes of bread wheat

Chuannong 16 as well as 14 A or B-genome chro-

mosomes dominated over other kinds of male ga-

metes. This suggests that some plants having

42 chromosomes with all the wheat A, B and D

chromosomes would appear in the F3 population,

which provides a chance to obtain stable bread

wheat lines from the self-pollinated progenies. Al-

ternatively, the desirable individuals of the F2 pop-

ulation were backcrossed to bread wheat, which is

very useful and efficient for bread wheat improve-

ment by exploiting desirable genes in durum

wheat.

The distribution frequency of chromosomes

in Kihara’s (1982) report differed significantly

from that in this study, as verified by the ÷
2-test

(Table 1). The differences might have resulted

from the use of different tetraploid wheats. Kihara

(1982) used the tetraploid wheat T. polonicum,

while T. durum was used in this study.

On the other hand, it has been reported that the fer-

tility of hybrids in wild hybridization results from

unreduced gametes (Fukuda and Sakamoto 1992;

Li and Liu 1993; Maan and Sasakuma 1997).

The proportion of fertile plants presented in this

study was 82.27%, but no unreduced gametes

were found and pollen fertility was not remarkably

affected by the number of chromosomes. Chen

and Zhang (1991) investigated meiosis

in 9 pentaploid hybrids and found that and the dif-

ference was caused by the specific parents. There-

fore, different breeding strategies should

be applied when exploiting different tetraploid

wheats.
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