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Present Status of Wheat Genetic Studies in China

Q.S. Zhuang and Z.S. Li'

(Institute of Crop Breeding and Cultivation, Chinese Academy of Agricu'tural
Sciences, Beijing 100081, China)

(* Institute of Genetics, Chinese Academy of Sciences, Beijing 100101, China)

ABSTRACT

Most genetic studies on wheat in China are oriented by the needs of hreeding. This paper gives a briefing under 6 heading: (1)
Some studies on wheat genelic resources in which 3 subspecies of common wheat unique to China and the crossability with tye
of the landraces are described. (2) Genetic analysis of major breeding objectives, i.e., disease resistance, semidwartfness and hread
haking quality, are mentioned. (3)Transfer of alien genes constitutes an active dimension in wheat genetic studies. Interyeneric
hybrids between Triticurn and Secale, Eilvtrigia, Huvnaldia and Aegilops are discussed. (4) New materials and methods for
chiromosome engineering, namely, blue-grained monosomics, self-fertile nullisornics, nullisomic backcrossing for the production
ot alien substtutions, monosomic addition-disruption-mcerporation process for the enhancement of translocations and the use of
chromosome autoduplication tetrapioid wheats, are suggested. (5) Genetics of anther-derived plants and somaclonal variation are
new areas of interest. (6) Molecular aspect of wheat genetics is at its beginning.

China is a big wheat producing country. Extension of improved varieties has long been recognized as
one of the most important measures for increasing wheat production. Therefore, most wheat genetic
studies in China are oriented by the needs of breeding. This paper gives a briefing on the major
progresses in wheat genetic studies in China.

SOME STUDIES ON WHEAT GENETIC RESOURCES

China has currently owned more than 40,000 accessions of wheat and its wild relatives, 32595 of them
being enlisted for long-term preservation in the National Crop Gene Bank. More than 99% of wheats
grown in China belong to common wheat, Triticum aestivum. Three subspecies of T.aestivum indigenous
and unique to China are recognized:

a. Yunnan wheat, T.aestivum ssp. yunnanense King. Distributed along the lower reaches of the
Lancang River and the Nu River in Yunnan province, Southwest China. Glume very tough, tightly
embracing the spikelet; rachis easily broken below the spikelet when pressed. Double ditelosomic
analysis indicated that 8 chromosomes showed some differentiation from those of Chinese Spring (CS)
{Chen et al, 1988; Huang et al, 1989).

b. Xinjiang wheat, formerly identified as a distinct hexaploid species, T.petropaviovskyi Udacz. et
Migush., now recognized as a subspecies by Y.S. Dong. Distributed in the western part of the Tarim
Basin, Xinjiang Autonomous District, Northwest China. Spike coarse in texture, lax, having long glume
with long beak like T.orienrale. The majority of PMCs in F,s when crossed with hexaploid and
tetraploid wheats showed 21" and 14" + 7', respectively. Its genome remained to be ABD with 1
chromosome at least in A/B different from that of common wheat. (Chen et al, 1985).

c. Tibetan weedy wheat, T.aestivum ssp. tibetanum Shao. Distributed in the upper reaches of the
Lancang River and the Nu River and the Yaluzangbu River valley, Tibet Autonomous District, It
appears as a weed in wheat and barley fields and no natural community is found. Similar to common
wheat in general morphology with a rachis readily broken below the spikelet at maturity, and the spikelets
fall to the ground before wheat or barley matures. Double ditelosomic analysis showed its chromosome
constitution was essentially the same as CS except that 7BS usually failed to pair (Chen et al, 1991). Its
D genome was as primitive as Aegilops tauschii (Yen et al, 1988).

Chinese local wheat varieties are noted for their high crossability with rye. Among 864 land races
tested, 50, 1.e. 5.8%, had a crossability % significantly higher than that of CS. 19 of them showed a
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crossability with rye as high as 90% or more. Genetic analysis on a selection, J-11, of a local variety
from Sichuan province where CS originated, revealed that it carried a new gene for crossability,
kr4,located on chromosome 1A. So those local varieties with a crossability % significantly higher than
CS might have carried 4 recessive kr genes{Luo, 1992; Luo et al, 1992, 1993; Zheng et al, 1992).

GENETIC ANALYSES ON THE MAJOR BREEDING OBJECTIVES

1. Disease resistance
Stripe rust, powdery mildew and scab are the 3 major wheat diseases in China. Stripe rust has essentially
been under control in the past 20 and more years through breeding except in some areas where
physiological races used to variate from time tc time. Powdery mildew has become increasingly important
since 1980’s as a result from increased application of nitrogen. As 1B/1R translocation lines such as
Lovrin 10, Predgornaia 2, Kavkaz, etc. were extensively used as the source of resistance to rusts in
1970’s, an overwhelming majority of the varieties released in 1980’s were new derivatives of 1B/1R
translocations. This would inevitably result in a monotonous spectrum of disease resistance, and loss of
disease resistance from these newly released varieties were frequently reported. Thus, second-line sources
of resistance were identified and a recommendation list of new resistance genes together with their carriers
was provided, i.e., Yrl, Yr2* (* high IT in seedling test), Yr3a*, Yr3b, Yrd4a*, Yr4b, Yr5, Yr8, Yri0,
Yr15, YrSu for stripe rust and Pm2, Pm2x, Pm4a, Pm4b and Pm6 for powdery mildew (Yang et al, to
be published). 6R from "White Rye" and V6 substitution or translocation lines from Haynaldia villosa
were even better than the a®: »ve Pm genes in resistance (Xin, Z. Y., personal communication). Currently
these new genes of resistance are being incorporated into the recommended cultivars in North China.
Scab prevails in the middle and lower reaches of the Yangtze River valley,coastal areas in southeastern
China and eastern parts of Heilongjiang province. Up to now no wheat variety is found immune or highly
resistant to the disease. Only a very few landraces are mde or less resistant to the extension of infection,
but they possess too poor agronomic characters. Fortunately in 1970, a relatively resistant (to extension
of infection) variety known as Sumai 3 was developed from a cross of 2 susceptible varieties (Funo x
Taiwan). Since then numerous crosses were made between Sumai 3 and various improved varieties, and
a series of new cultivars were developed but rarely their resistance to scab could surpass that of Sumai
3. Recently recurrent selection against scab was adopted in some breeding programs and a slow but steady
progress was reported. In regard to the mode of inheritance most authors recognized it was polygenic in
nature. Monosomic analysis of scab resistance with Sumai 3 showed that many chromosomes were
involved with differential contributions (Li and Yu, 1990; Yu, 1990). But some authors provided evidence
that scab resistance was controlled by a few major genes with modifiers since segregation pattern in F,
usually showed 2 peaks with one high and one low (Zhou et al. 1987, Bai et al.,1990). The discrepancy
may be attributed to the ways of expressing the infection indices and related also to the fact that whether
infection data are taken at successive stages of disease development or not (Li and Yu, 1990).

2. Semidwarfness

Presently about 40% of the total wheat acreage is sown with semidwarfs. In summarizing the
representative dwarf-source varieties or dwarfing genes which led to the successful development of
semidwarf cultivars in China, 5 categories are recognized: (a) Suwan 86 which carried 2 pairs of GA3
insensitive simidwarf genes, Rhtl and Rht2; (b) St2422/464 (a material of Italin origin) bearing 1 pair
of semidwarf genes similar to that of Saitama 27 with weak GA3 insensitivity designated as Rht1S; (c)
2 Chinese varieties Huixian Red and Youbao each carrying a pair of Rht2; (d) Funo, Abbondanza and
other derivatives of Akagumughi, each carrying 1 or 2 pairs of GA3 sensitive dwarfing genes designated
as Rht8 and Rht9; and (¢) Tom Thumb carrying Rht3 and Aibian 1 bearing Rhtl0 which were used in
hybrid wheat development and reccurrent selection for semidwarfness, respectively (Gia et al., 1992).
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3. Bread baking quality

The bread baking quality of the Chinese wheats is, in general, significantly inferior to that ot the hard
red winter wheats from the US. They are characterized with short dough development time, short dough
stability time, less tolerance to mixing, and finally small loaf volume and poor bread score, although with
a few exceptions. Consequently, good bread baking quality wheats from the US, Canada, the former
USSR, Mexico (CIMMYT) and eastern European countries are widely used as parents in quality breeding
programs, In the past few years studies on the composition of HMW glutenin subunits of the Chinese
wheats and its relation to bread baking quality were made by several institutes. In a study by Mao, P.
(1992, unpublished), the HMW glutenin subunits composition of 507! common wheats, comprising 936
landraces,2307 improved varieties and 1828 foreign introductions, were determined by SDS-PAGE and
the corresponding quality indices were scored. It was observed that the 3 categories of wheats differed
quite significantly in their distribution pattern of HMW subunits as follows (%):

Glu-Al Glu-B1 Glu-D1

Accession

Nuil 1 2% 7+8 7+9 22 2412 5+10
Landrace 88.6 6.2 5.2 84.7 4.9 2.7 94.3 3.7
Improved
variety 57.4 27.6 15.0 42.0 41.9 2.8 73.7 5.7
Foreign in-
troduction 54.5 27.3 18.3 25.2 37.2 11.7 46.4 45.9

In a subsct data from 126 varieties, using sedimentation value,valorimeter, and bread score as criteria
of bread baking quality, the magnitude of effect in 3 loci of Glu-1 after standardization was in the order
of 5410 > 2* > 7 =20 > 1 =7+8 = 4+12 > N = 22 = 2+12 >7+9. The smallest effect
shown in the subunit 7+9 has to be verified since it is contradictory to some other reports.

" TRANSFER OF ALIEN GENES

Alien genes transfer constitutes an active dimension in wheat genetic studies (Li and Hao, 1992).
Production of amphidiploids or partial amphidiploids is the first step in alien genes transfer. Early in
1950’s an octoploid triticale program was started in China. After successive improvements on seed
setting, kernel plumpness, easiness of threshing, earliness and plant stature, several octoploid triticale
varieties were released for production in the mountainous areas of Guizhou province in late 1970’s and
late 1980°s (Bao and Yan, 1993). However, for other intergeneric crosses involving common wheat,
amphidiploids or partial amphidiploids obtained are still too wild to be used in cultivation. They must be
backcrossed to wheat once or twice followed by selfing and selected for disomic alien addition lines
carrying the target gene(s) through cytological and morphological analysis. The alien addition lines are
then transformed into alien substitution fines by the aid of aneuploid technic. Furtherly, radiation/tissue
culture or the use of nulli-5B wheat/ph mutant is practised to induce translocations between wheat and
alien chromosomes forming translocation lines, i. e.homozygous, stable plants with 2n=42 possessing
the wanted character(s) or gene(s). In China, up to the present, 36 kinds of intergeneric hybrids between
wheat (including tetraploids) and 11 genera of Triticeae have been successfully made, and 14 kinds of
amphidiploids or partial amphidiploids have been obtained, among which 6 are reported for the first time,
Alien addition and substitution/translocation lines have been reported in 6 and 5 genera, respectively.,
Those intergeneric hybrids involving Elytrigia, Haynaldia, and Aegilops (besides Secale) were studied
more extensively. Five octoploids of wheat-Elytrigia intermedia, namely Zhong 1, Zhong 2, Zhong 3,
Zhong 4 and Zhong 5 were developed in the mid-1960°s. Zhong 1 and Zhong 2 carried a group of 7
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chromosomes from Et.intermedia designated as X, and Zhong 3, Zhong 4 and Zhong 5 carried a second
group of 7 chromosomes designated as E, (He et al, 1989). Thus the genome constitution of Et.intermedia
was suggested as XE,E,(He et al, 1989). Two sets of alien addition lines, one from X genome and one
from E, genome, were developed (He et al, 1989). Similarly, 5 octoploids of wheat-Et. elongata, namely,
Xiaoyan 7430, Xiaoyan 68, Xiaoyan 693, Xiaoyan 7361 and Xiaoyan 784 were also produced in 1960’s
which carried genomes E,, E,, F,, F, and N respectively, from £t.elongata. The genome constitution of
Et. elongata would be E,E,F F,N, in which E and F genomes bear some homeology (Zhong et al, 1991).
Twelve amphidiploids between tetraploid wheats and Aegilops species were produced in 1985-1990 by
the aid of chromosome autoduplication tetraploid wheats (Dong et al, 1990; Xu and Dong, 1992), and
5 common wheat-Ae.comosa addition lines, manely, 1M, 2M, 3M, 4M and 7M were obtained (Weng and
Dong, to be published). From durum wheat-Haynaldia villosa amphidiploid 6 common wheat-Haynaldia
villosa addition lines, i.e. V2, V3, V4, V5 V6 and V7 were produced, and the powdery mildew
resistance gene(s) from Haynaldia was located on V6 chromosome (Chen and Liu, 1986; Liu et al, 1988,
1990).

Among the varieties generated from alien genes transfer, Xiaoyan 6 is the most successsful one. It has
been widely grown in the western parts of the Yellow River and the Huai River valleys for 13 years.
Cytological examination showed that it was a translocation line carrying 2 translocations between 2 small
elongata chromosome segments and 2 wheat chromosomes(Li et al, 1990).

MATERIAL AND METHODS FOR CHROMOSOME ENGINEERING

1. New monosomic and nullisomic series of wheat

Wheat monosomic series are important tools for gene location and the development of alien substitutions.
In China 9 monosomic series have been derived from the standard monosomics of Chinese Spring.
However,the enormous labor involved in chromosome counting and the problem such as univalent shift
have caused much trouble in its general application. Li et al. (1986) established a bule-grained monosomic
wheat in which the wheat chromosome 4D was substituted by an Elyrrigia elongata chromosome 4Ag
(4Ag/4D) carrying the gene responsible for the blue coloration of aleurone layerg of seeds. The
blue-grained character manifests a distinct xenia effect. When the endosperm cells receive 3, 2, 1 and 0
blue gene doses, the seeds are dark blue, medium blue, light blue and white in color respectively. Later
on, the same authers treated the blue-grained disomic wheat with y-rays and fast neutron radiation to
induce the transfer of blue gene to other wheat chromosomes, and as a result, 8 new blue-grained
monosomics (1B, 2D, 3D, 3A, 5A, 6A, 7A and 7B) were obtained. The advantage of using such
blue-grained monosomic lines in chromosome engineering is that the chromosome number can be
deduced from the seed color without cytological examination. Moreover, Li et al. (1990) were successful
in obtaining first self-fertile 4D and subsequently self-fertile 2D, 3D, 3A, SA and 6A nullisomics from
the blue-grained monosomics through screening for fertility in large populations. By employing similar
procedures Xue et al. (1991) developed self-fertile nullisomics for all but 3 chromosomes (2B, 4B and
7D) from the progenies of Abbondanza monosomics. The use of self-fertile nullisomics would enchance
the development of alien substitutions.

2. Nullisomic backcrossing method for the production of alien substitutions

Li et al. (1990) initiated the nullisomic backcrossing method as a new approach to the establishment of
alien substitution lines. The essential steps are: Crossing wheat nullisomics to alien species or
amphidiploids, for the former it is preferable to induce chromosome doubling in F,. The F, (or selected
F,) plants are then backcrossed once or twice with nullisomic wheat, and individuals with 20"+ 1" or
20"+2" are selected and selfed to produce alien substitutions. Test-crossing all the selfed products with
21" configuration to common wheat, those plants whose F, progeny showing 20" +2’ can be acertained
to be alien substitutions. The apparent advantage of this method is that the choice of a corresponding



Wheat genetic studies in China 15

homology between the nulli-chromosome in wheat and the alien chromosome in the addition line is not
necessary. Moreover, since the missing chromosome in the nullisomic being used is known, it is possible
to deduce whether the substituting alien chromosome and the nulli-chromosome in wheat are homologous
by observing the compensation effect in the alien substitution line obtained. Thus the process for the
development of alien substitutions is shortened.

3. Moenosoemic addition-disruption-incorporation process (MADI)

In genetic studies on the progenies of octoploid triticale x common wheat, Ren (1990) and Ren et al.
(1990a, 1990b) observed that the monosomic addition chromosomes of rye in wheat background were
eliminated rapidly upon selfing. The added rye chromosomes, in varying number, affected significantly
the transmission rate of wheat chromosomes and caused a remarkable high rate of Robertsonian
translocations between wheat and rye chromosomes. The small DNA fragments, which were produced
by disruption of the added rye chromosomes, can be incorporated in wheat chromosomes to accomplish
the transfer of alien genes. Translocations were identified by using the C-banding technic. In one study
the frequency of wheat/rye translocation in different generations of backcrossing or seifing, varied
between 4.23% and 14.67%. This procedure for genetic transfer is known as monosomic addition-
disruption-incorporation process, abbreviated as MADI process. In comparison with the traditional
disomic addition line method the process saves more time and is easy to operate if the C-banding technic
is mastered. The original authors were successful in transfering the powdery mildew resistance genes from
6R of rye and Haynaldia villosa 1o common wheats.

As mentioned above, Xu and Dong (1989, 1992) found that PSS of Triticum persicum and DR 147 of
T.durum were able to generate amphidiploids through spontaneous chromosome doubling when crossed
with Aegilops species. There were 2 ways by which unreduced gametes could be formed: firstly, some
PMCs omitted the first meiotic division, and secondly, first division restitution with premature cytokinesis
which resulted in an asymmetrical dyad composed of one anucleate cell and one cell with a restitution
nucleus. The use of this knowledge has resulted in the production of many amphidiploids between T.
persicum and 8 Aegilops species. This meiotic mechanism also worked when crossed with Secale cereale.

4. Use of chromosome autoduplication tetraploid wheats in ge production of amphidiploids

GENETICS OF POLLEN-DERIVED PLANTS AND SOMACLONAL
VARIATION

Pollen-derived plants are good materials for genetic study as there is no interference of
dominance/recessiveness on character expression. Hu (1992) and Tao and Hu(1989, 1990) revealed, in
a study of pollen-derived plants from a cross (hexaploid triticale x common wheat) F,, that distribution
of R chromosomes in the gametes was random while that of D chromosomes was not (most of the D
chromosomes remained intact), and this was accounted for the predominating occurrence of diploid pollen
plants with 2n=46 in the progeny, a phenomenon which was scarcely observed uner ordinary condition.
They also noticed that different rye chromosomes manifested different rate of transmission, 6R being the
highest (64.5%), IR and 3R the second highest (60.2-55.9%) and 7R the lowest. Recently Zhang et al.
(1993) using powdery mildew resistance gene(s) of 6RL as a marker observed that the transmission rates
of 6R in vivo through male and female gametes was nearly equal, about 10% in magnitute, which was
significantly lower than the expected value (50%); while that of microspores in vitro was 23.3%, which
was significantly higher than that in vivo. This indicated that anther cuiture would enhance the
transmission of the alien chromosome 6R in wheat cell generations.

Moreover, Wang and Hu (1993) and Miao et al. (1988) showed evidence of various changes in
chromosome number and structure in pollen-derived plants. They noted in the pollen plant progenies
from octoploid triticale x common wheat the occurrence of alien addition lines with a frequency as high
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as 5% which was many times higher than that produced in the ordinary way. Therefore, Hu and his
co-workers (1988-1993) stressed the importance of incorporating anther culture technique with
conventional chromosome engineering by which a high and effective system of alien gencs transfer in
wheat could be established. They had succeeded in developing and identifying 1B/IR, 1D/1R and 6D/6R
wheat-rye alien substitutions and some translocations with disease resistance through the combined efforts
of aneuploid technic, chromosome banding, isozyme markers and RFLP analysis (Tao et al, 1990a,
1991b).

In the study of somaclonal variation a number of workers were successful in obtaining variants or
mutants which acquired higher resistance or tolerance to scab (Fusarium graminearum, Ouyang et al,
1990), root rot (Helmninthosporium sativum, Guo et al, 1990) or salinity (Zheng et al, 1990) than the
starting materials by successive tissue c“gltlging in media of increasing concentration for the treatment in
question. Usually a small dosage of Co6Q-r radiation was practiced before screening.

Successful generation of wheat plantlets from protoplast culture was first reported by Wang et al. in
1988 and then followed by some workers in 5 other laboratories from 1989 to 1993. The key to success
was: (a) proper choice of embryogenic calli with high regeneration capability from numerous genotypes;
and (b) careful regulation of callus type formation through changing the composition of culture medium
and cultural procedure in such a manner that cell division capacity of the culture was enhanced before
isolation of protoplast and then weakened after regeneration of callus from the protoplast so as to facilitate
further differentiation of plantlets.

MOLECULAR ASPECTS OF WHEAT GENETIC STUDIES

Currently, molecular genetics of wheat in China is just at its beginning. Most studies deal with the use
of biochemical and moiecular markers for the identification of alien genes or chromosome fragments in
wheat background. Gao et al. (1992) analysed the esterase zymogram of some somaclonal variants from
common wheat x Elytrigia intermedia hybrids and their parents, and found that those isozymes coded by
specific chromosomes of Et.intermedia were, to a certain degree,homeologous to. groups 3, 7 and 6 of
wheat. Zhang et al. (1993) analysed the isozyme EST-5 and alpha AMY-1 of a series of addition,
substitution and translocation lines from wheat-rye hybrids and found thaTtT\Ey all showed rye 6R-specific
bands in addition to wheat 3AL-specific bands in the case of EST-5 and wheat groups 6-and 7-specific
bands in the case of alpha AMY-1. Furthermore, in some lines like M17-3 there were no wheat
3AL-specific bands in the case of EST-5, and in others like M24 (a substitution line) new bands which
were lacking in both parents appeared. These results imply that isozyme analysis not only reveals the
existance of alien fragments but also gives some hints on chromosome interactions. Although a few
laboratories reported some studies on the storage proteins relevant to wheat quality, using protein pattern
assay as biochemical markers for various wheat genetic studies was still meager. Zhang et al (1992) in
comparing leaf protein patterns between powdery mildew resistant and susceptible wheat lines found that
the former had two additional bands with molecular weights 40 kd to 60 kd.

Molecular markers based on the polymorphism of nucleotide composition and sequence come into use
too. Zhang et al. (1993) analysed the RFLPs of a series wheat-rye addition, substitution and transiocation
lines by using rye-specific dispersed repeat sequence pSc5.3H3 and wheat group 6(short arm)-specific
sequence Xpsrl67 as probes. They all showed bands from rye chromosome component, while the group
6 substitution lines showed no bands from wheat group 6. The line MO9 showed condensed bands with
low copy number when hybridized with pSc5.3H3, and lacked a rye 6R-specific band at 2.8 kb when
hybridized with Xpsr167, indicating that it carried an incomplete 6R and was most probably a
translocation line. Xin etal. (1991) succeeded in screening two cDNA probes pEleAcc3 and pPINS(E,-T,)
for detecting Elytrigia intermedia DNA in wheat background. A specific band for the DNA of
Et.intermedia and its derivatives was found in southern hybridzation. This specific band could be used
as a marker to identify the BYDYV resistance in wheat breeding program. /n situ hybridzation is a direct



