
Allopolyploidy has played a major role in the evo-

lution of crop plants sustaining mankind. One of

the most remarkable allopolyploids is the

hexaploid Triticum aestivum, also called bread

wheat or common wheat. T. aestivum has the ge-

nome composition AABBDD (2n = 6x = 42),

which arose from 2 polyploidizations. The first

polyploidization produced T. turgidum with the

genome composition of AABB (2n = 4x = 28),

in which T. urartu (AA) donated the A genome

(Dvorak 1998). The B genome donor is still con-

troversial and believed to be extinct, much modi-

fied or not yet discovered, but it was probably an

ancestor of Aegilops speltoides (SS). T. turgidum

can no longer be synthesized, because numerous

differences exist between the B and S genome

(Dvorak 1998). T. aestivum was formed by the

second polyploidization after the crossing be-

tween cultivated T. turgidum and Ae. tauschii

Coss. (T. tauschii or Ae. squarrosa) followed by

chromosome doubling (Kihara 1944; McFadden

and Sears 1944; Heun et al. 1997; Feldman 2001;

Huang et al. 2002).

Since only a few accessions of tetraploid wheat

or Ae. tauschii genotypes were involved in the

evolutionary origin of common wheat, the genetic

diversity of common wheat is largely decreased in

comparison with that of its donor species. Numer-

ous genetic variations in the ancestral tetraploid

wheat or Ae. tauschii are not represented at the

hexaploid level due to the evolution bottleneck

(Dhaliwal et al. 1993; Ayal et al. 2005;

Ogbonnaya et al. 2005; Reif et al. 2005; Warbur-

ton et al. 2006). Close evolutionary relationship

and extensive genetic diversity for desirable traits

have made tetraploid wheat and Ae. tauschii espe-

cially interesting for common wheat improve-

ment. The genetic diversity may be introgressed

into common wheat by the ‘bridge’ of synthetic

hexaploid or amphidiploids derived from the arti-

ficial synthesis of hexaploid wheat (tetraploid

wheat × Ae. tauschii), which is analogous to

the evolution of hexaploid wheat. Ever since the

reports by McFadden and Sears (1944) and Kihara

and Lilienfeld (1949) on the artificial synthesis of

hexaploid wheat between existing T. turgidum
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with Ae. tauschii, many synthetic hexaploids (ge-

nome AABBDD, 2n = 6x = 42) have been ob-

tained (Lange and Jochemsen 1992; Kema

et al.1995; Mujeeb-Kazi et al. 1996; Lage et al.

2003; Warburton et al. 2006).

We obtained a synthetic octoploid wheat

(2n = 8x = 56) by crossing T. turgidum with

Ae. tauschii followed by chromosome doubling,

which was composed of mixed chromosomes

from the A, B and D genomes. To the best of our

knowledge, such an octoploid wheat was not pre-

viously reported in the literature. This paper re-

ports the production and characterization of this

octoploid wheat.

We initially crossed T. turgidum ssp. turgidum

line AS2255 and Ae. tauschii AS60 according to

the method described by Liu et al. (1999). Without

using embryo rescue technique, four F1 hybrid

plants were obtained. Cytological observations of

root tips indicated that all the F1 hybrids had

21 chromosomes. Their morphological character-

istics were similar to those of AS2255, while hairy

auricles and spike morphology with tough and te-

nacious glumes resembled Ae. tauschii. Seven

seeds were obtained from one of the F1 plants

treated by 0.05% colchicine. Besides the synthetic

hexaploid wheat SHW-L1 with genome AABBDD

and 2n = 42 chromosomes (showing 21 bivalents

at MI of PMCs) (Zhang et al. 2004), a wheat plant

with 2n = 56 chromosomes (Figure 1a) was unex-

pectedly produced, which was named SHW-L2.

Chromosome paring at metaphase I (MI) of 50 of

its pollen mother cells (PMCs) was observed ac-

cording to previously reported methods (Liu et al.

2002). These PMCs showed a mean pairing con-

figuration of 2.82 univalents + 6.18 rod bivalents

+ 19.39 ring bivalents + 0.5 trivalents + 0.14

quadrivalents. The high proportion of rod biva-

lents and the occurrence of univalents, trivalents

(Figure 1b) and quadrivalents indicated that the

chromosome pairing of SHW-L2 was irregular to

some extent. To identify the chromosomes of

SHW-L2, we did 3 experiments.

Firstly, we crossed SHW-L2 with Qinling rye.

The 35 chromosomes from 50 PMCs in hybrids

between SHW-L2 and rye showed a mean pairing

configuration of 22.32 univalents + 4.05 rod biva-

lents + 1.21 ring bivalents + 0.26 trivalents with

chiasmata of 6.58. Rye is distantly related to

wheat, which has the genome RR (2n = 2x = 14).

Generally, there is no or a very low pairing level

among chromosomes of R, A, B and D haploid

genomes due to the suppressing of Ph1 gene on

chromosome 5B on homoeologous chromosome
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Figure 1. Chromosomes of SHW-L2 wheat and its hybrids. I = univalent(s); II = bivalent(s); III = trivalent(s);

IV = quadrivalent(s). (a) Somatic chromosomes of SHW-L2 with 2n = 56. (b) Meiotic chromosomes of SHW-L2 with 1 I

+ 3 rod II + 23 ring II + 1 III. (c) Meiotic chromosomes of a hybrid between SHW-L2 and Qinling rye, with 23 I + 5 rod II

+ 1 ring II. (d) Meiotic chromosomes of a hybrid between SHW-L2 and T. turgidum AS313, with 17 I + 5 rod II + 6

ring II + 1 III. (e) C-banded chromosomes of SHW-L2.



pairing (Riley and Chapman 1958). In this study,

the high frequency of bivalents suggested that

some chromosomes existed in 4 copies in

SHW-L2 genomes, which would be 2 copies in its

hybrids with rye and the 2 homologous wheat

chromosomes were probably paired into a bivalent

during MI of PMCs (Figure 1c).

Furthermore, SHW-L2 was crossed to

tetraploid wheat AS313 with the genome AABB.

If SHW-L2 has the genome AABBDDDD, their

hybrids should have the genome AABBDD with

21 bivalents during MI of PMCs. However,

the 50 PMCs of hybrids only had a mean of 11.82

bivalents, with a mean pairing configuration of

18.12 univalents + 5.09 rod bivalents + 6.73 ring

bivalents + 0.21 trivalents (Figure 1d), rather than

21 bivalents. This result suggests that the extra

14 chromosomes were not derived from the addi-

tion of 2 complete D genomes.

In order to further elucidate the chromosome

constitutions of SHW-L2, C-banding of chromo-

somes of SHW-L2 was carried out according to

the protocol described by Gill et al. (1991). All the

21 chromosomes of genomes A, B and D were ob-

served in SHW-L2 (Figure 1e). Due to the strong

C-banding, all the B-genome chromosomes were

clearly identified and each of them existed in

2 copies. There were 2 copies for chromosomes

3D, 4D, 5D and 4A, and 4 copies for chromo-

somes 3A and 7D, respectively. However, due to

the faint banding it was difficult to judge the copy

number for the remainders, i.e. 1A, 2A, 6A, 5A,

7A, 1D, 2D and 6D. Thus, besides the 42 chromo-

somes of common wheat, the extra 14 chromo-

somes in SHW-L2 were most probably due to the

addition of 2 copies for 3A, 7D and the other

5 chromosomes out of 1A, 2A, 5A, 6A, 7A, 1D,

2D and 6D, respectively.

SHW-L2 was fertile and had a selfed seed set

of 57.73%. SHW-L2 can be crossed with other

wheats, and hybrid seeds were obtained. The hy-

brid seeds showed very high germination rates.

The hybrid plants produced seeds by selfing (data

not shown).

Our recent work indicated that the T. turgidum

parent AS2255 of SHW-L2 had gene(s) control-

ling unreduced gametogenesis in its triploid hy-

brids with Ae. tauschii (Zhang et al. 2007). During

the construction of SHW-L2, the hybrid seedling

between AS2255 and Ae. tauschii was treated with

0.05% colchicine solution. Colchicine disrupts

cell plate formation during cell division. This re-

sults in cells with various chromosome numbers.

Chromosomes from these various cells may be

further doubled by unreduced gametes during

gametogenesis. The 56 chromosomes of SHW-L2

may have been produced in this way.

The production of SHW-L2 suggested that the

new wheat with a special chromosome constitu-

tion could be obtained by the combined use of

colchicine treatment for seedlings and then spon-

taneous doubling of gametes. Wheat with a differ-

ent chromosome constitution than common wheat

has a special value in both theoretical and applied

research. For example, SHW-L2 can be used in

studies of genetic background effects on agro-

nomic characters. From the hybrid progenies of

SHW-L2 and its sister line SHW-L1, hexaploid

wheat with chromosome additions can be pro-

duced, which can be used in evaluating the effects

of chromosome or gene doses.
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