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Introduction

The Ninth International Wheat Genetics Symposium will be held in Canada at the University of
Saskatchewan, Saskatoon, August 2-7, 1998. This paper is intended to provide wheat researchers
with background information about wheat production and wheat research in Canada.

Wheat Production

The major wheat growing area of Canada is the central prairie or great plains area, primarily the
provinces of Alberta, Saskatchewan and Manitoba. The area is noted for its hot, dry summers,
short growing season and very cold winters. Precipitation ranges from about 800 to 450 cm in
different regions. Unfortunately, water resources are limited and a relatively small area is irrigated.
In this area, most of the wheat produced has a spring growth habit. A small area of winter wheat
has been grown in southwestern Alberta for many years. In most of the rest of the area, the
winters were considered to be too cold to permit the regular survival of even the hardiest winter
wheat cultivars. However, over the last 20 years the development of appropriate production
methods has resulted in an increase in the acreage of winter wheat. The key step is the planting
of winter wheat early and in stubble to trap snow and protect the young plants.

The other major wheat producing area is Ontario (eastern Canada) where production has
been largely soft, white winter wheat, but increasing amounts of soft red winter wheat are being
grown. The winters in Ontario are much less harsh and many winter wheat cultivars will survive.

For the past five years, about 11-12 million hectares have been planted to wheat in Canada.
Production has been about 25-30 million tonnes per year. Of this, just over 2 million hectares
and 3.8 to 4.6 million tonnes have been durum wheat. In Ontario production has been about 1
million tonnes on about 0.3 million hectares. .

Wheat Exports

For many years Canada has been noted for its production and export of high protein, hard red
spring wheat. It is particularly valuable for mixing with softer, lower protein, wheats for the
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making of bread. Western Europe, and particularly Great Britain, was the major market. However,
the agricultural policies of the European Economic Community resulted in the loss of much of
this market. Fortunately, other markets have opened up in Asia (particularly China, Japan and
Iran), north Africa and eastern Europe (particularly Russia until recently). Canada is also the
world’s major exporter of durum wheat, particularly to countries around the Mediterranean.

Wheat Classes

As a result of the broadening of Canada’s wheat exports, Canadian wheat is now used for a wide
range of products. The traditional hard red spring wheat is not necessarily the best type for all
purposes. Consequently, in the last 25-years Canadian wheat breeders have been developing
several new classes of wheat, with different quality characteristics. Traditionally, Canadian
hard red spring wheats had to meet very specific requirements for protein content and protein
strength. For many years the cultivar Marquis was the standard, but now it is N eepawa. By
relaxing the standards, particularly for protein content, it has been possible for Canadian wheat
breeders to produce higher-yielding cultivars with quality characteristics better suited for other
uses such as noodles, steam bread, falt breads, etc.- Since it is not desirable to have different
classes of wheat mixed in the export delivery system, they must be distinguishable on the basis of
kernel characteristics. The classes of wheat now being grown in the central prairies are:

1. Canada Western Red Spring (CWRS)

CWRS wheat is the traditional high protein spring wheat and is still the most widely grown. Its
protein content varies from year to year depending on the weather. In most years the crop matures
under hot, dry conditions which reduce the yield but increase the protein content. In a “normal”
year the protein content averages about 13.5%. CWRS wheat is sold on the basis of a guaranteed
protein content with premiums being paid for higher protein content.

2. Canada Prairie Spring (CPS)

The CPS wheat class has somewhat lower protein and weaker gluten than CWRS wheat. Cultivars
in this class generally yield 20-30% more than CWRS cultivars. Because some markets prefer
white wheats for their higher flour extraction, both white and red cultivars have been developed.

8. Canada Western Extra Strong (CWES)

Cultivars in this class may have slightly lower protein than the CWRS cultivars but the gluten is
extra strong. Wheats of this type are particularly valuable for blending with weaker gluten,
lower protein wheats.

4. Canada Soft White Spring (SWS)
Relatively small amounts of SWS wheats are grown under irrigation in southern Alberta. They
are used mainly for cake and pastry flour.

5. Hard Red Winter
The production of hard red winter wheat has fluctuated widely in recent years. Because winter
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wheat heads and matures earlier than spring wheat, it makes better use of the normal May and
June rains and yields are often higher.

6. Canada Western Amber Durum
Durum wheat is well adapted to the southern prairie area, particularly in Saskatchewan. The
area planted to durum wheat fluctuates substantially depending on current prices.

Registration

Canada has a strict registration process for wheat cultivars. For a new wheat cultivar to be
registered in a particular class, it must meet the quality and kernel distinguishability requirements
for the class and be at least equal to the current cultivars in agronomic characters. These
requirements have made it very difficult for prairie wheat breeders to produce new cultivars.
However, registration has been important in maintaining the reputation of Canadian wheat.
When buyers purchase a cargo of wheat of a particular class, they know exactly what they are
going to receive.

Wheat Breeding and Research

In the early years, wheat breeding and research were carried out by what is now Agriculture and
Agri-Food Canada (AAFC). As Colleges of Agriculture developed at the universities, several of
them initiated wheat breeding programs. All three provincial universities on the prairies,
Manitoba, Saskatchewan and Alberta, carry out wheat research. Appropriately, the major wheat-
growing province, Saskatchewan hag the strongest program. The University of Guelph in Ontario
has a winter wheat breeding program.

When Plant Breeders Rights were enacted in Canada in 1991, it provided a stimulus for
wheat breeding by private companies. Several now have programs in Canada, often as an offshoot
of their programs in the U.S.A. Nevertheless, Agriculture and Agri-Food Canada is still the
largest player in wheat research in Canada. On the prairies, AAFC’s wheat research centres are
at Lethbridge, Alberta, Swift Current, Saskatchewan (to be visited on the post-conference tour)
and Winnipeg, Manitoba.

Rust Research

Leaf and stem rust are major diseases of wheat wherever the crop is grown in North America,
and particularly in the central great plains. Stripe rustis a problem in the western states of the
U.S.A. but in Canada it is of minor importance only in southwestern Alberta and southern British
Columbia.

The centre for rust research in Canada is the world renowned Dominion Rust Laboratory
(Agriculture and Agri-Food Canada) established in Winnipeg in 1925. The early scientists at the
Rust Lab did pioneering work on the life cycle, epidemiology, biological specialization and
inheritance of resistance, particularly for stem rust. Over the years the Rust Lab (now the Cereal
Research Centre) has produced most of the rust resistant wheat cultivars grown on the prairies.
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In more recent years, the Centre has developed strong programs in molecular biology and genetic
engineering. It is also a centre for work on other wheat diseases such as smut, bunt, leaf diseases
and scab.

In 1952, Canada Agriculture provided a grant to the University of Saskatchewan to study
resistance to a devastating new race of stem rust, 15B-1. Essentially all Canadian cultivars of
common and durum wheat at that time were susceptible. A major epidemic of both leaf and stem
rust occurred in 1954. The program at the University of Saskatchewan focussed on identifying
genes for resistance, transferring genes to wheat from its relatives and producing near-isogenic
lines carrying single genes for resistance.

Wheat Stem Sawfly

In the drier areas of the prairies, southwestern Saskatchewan and southern Alberta, the wheat
stem sawfly can be a major problem. The sawfly deposits eggs in the stem, the larvae move down
to the base of the plant and girdle the stem. The stems then break over and are almost impossible
to pick up and harvest. The solution is to breed cultivars with solid stems which inhibit the
movement of the larvae and cause them to starve. Breeding for resistance began at the Lethbridge
Research Station and was later transferred to the Swift Current Research Station. With the
development of resistant cultivars, the insect is now under control.

The Wheat Midge

The wheat midge had been present on the prairies for many years without causing any real
problems. However, in the 1980s the population suddenly increased dramatically and began to
cause serious losses in eastern Saskatchewan and Manitoba. It is still not clear whether the
increase resulted from some change in the environment or the loss of a parasite on the midge.
Resistance to the midge is difficult to find but breeding work is underway.

Wheat Research Centres in Saskatchewan, Manitoba and Alberta

Agriculture and Agri-Food Canada
AAFC has three major wheat research centres—the Cereal Research Centre, Winnipeg, Manitoba,
the Lethbridge Research Centre, Lethbridge, Alberta, and the Semi-Arid Prairie Agricultural
Research Centre (SPARC), Swift Current, Saskatchewan.
The work of the Cereal Research Centre, Winnipeg has been outlined above.
SPARC islocated in one of the driest areas of Saskatchewan. In addition to the sawfly resistance
program mentioned above, it has major breeding programs for Canada Prairie Spring and Canada
Western Amber Durum wheats. The Centre is also known for its soils and agronomic work on
wheat production under semi-arid conditions.

Although the Lethbridge Research Centre did pioneering work on sawfly resistance, its wheat
research now involves breeding new cultivars of Soft White Spring Wheat for production under
irrigation and Hard Red Winter Wheat.



University of Saskatchewan

The Crop Development Centre at the University of Saskatchewan has large breeding programs
for Canada Western Red Spring, Canada Prairie Spring and Canada Western Amber Durum. It
has also been the leader in developing production methods and new cultivars for Hard Red Winter
Wheat. In addition to work on rust resistance, research on leaf diseases is being carried out.

University of Alberta

The University of Alberta is the most northern of the wheat research centres and has always
been interested in developing early cultivars. It is also near the only sizeable area of acidic soils
on the prairies and is carrying out research on and breeding for resistance to aluminum toxicity.

University of Manitoba

The University of Manitoba produced Glenlea, the first cultivar in the Canada Western Extra
Strong class. It is continuing to develop CWES wheats and also winter-hardy, rust-resistant
Hard Red Winter Wheats.

Alberta Agriculture

The Alberta government funds a breeding program aimed at developing red and white-seeded
winter wheats adapted to the regions where snow mold is a problem.

Visits

Participants in the Ninth International Wheat Genetics Symposium who wish to visit one or
more of the research centres before or after the Symposium should contact the centre ahead of
time. Arrangements can then be made for their visit. .
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Genetic control of supernumerary spikelet in common wheat line
LYB

Zheng-Song Peng*, Deng-Cai Liu, Chi Yen and Jun-Liang Yang

Triticeae Research Institute, Sichuan Agricultural University, Dujiangyan City, Sichuan 611830,
China

Summary

The supernumerary spikelet(SS) is abnormal spike morphology of wheat (Triticum L.) having
additional spikelets per spike. The common wheat (T aestivum L.) selection, LYB stably showed
SS character. Monosomic analysis was used to determine the chromosomal location of genes for
the SS character of LYB. F2 monosomic analysis indicated that SS character was controlled by
three genes on chromosomes 24, 2D and 4A. Results also showed that two recessive genes on
chromosomes 2A and 4A of LYB promoted the development of SS character, and that a dominant
inhibitor of SS on chromosome 2D of Chinese Spring prevented the expression of SS character.
These conclusions were confirmed by the data of progenies derived from backcrossing monosomic
F1 hybrids to LYB.

Key words: Branched spike, gene localization, supernumerary spikelet, Triticum aestivum, wheat.

Introduction

The normal spike of wheat (Triticum L.) plant has spikelets which attached to the rachis in a
distichous pattern. The supernumerary spikelets(SS) character is a genetically conditioned
abnormal wheat spike morphology. The term SS, often referred to as branched spike, embraces
additional sessile spikelets at a rachis node and additional spikelets on an extended rachilla.
The low kernel weight (Koric 1966) has hindered development of SS cultivars (Yen et al.
1998). However, because SS character conditions additional spiklets, the possibility of utilizing
SS character to increase yield of wheat has been suggested (Koric 1966, 1969; Pennell and Halloran
1983; Rawsan and Ruwali 1972; Salunke and Asana 1971). Moreover, it is practical to utilize SS
gene to create multispikelet wheat lines (Huang and Yen 1988; Koric 1969; Yen 1965), and

Present address: Department of Biology, Sichuan Normal College, Nanchong City, Sichuan 637002,
China
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multispikelet was regarded as an ideal spike type of high-yielding wheat by breeders (Millet
1988; Yen et al. 1993).

Cytogenetical analysis of SS character development has been conducted in common wheat
(T. aestivum L.). Sears (1954) observed that plants nullisomic for chromosome 2A or 2D produced
twin.spikelets, and the arm locations of these genes were identified as 2AL, and 2DS. Swaminathan
et al. (1966) found that a deletion caused the SS character in a common wheat mutant. Singh
and Joshi (1988) found that all ear-branched plants were trisomic (2n=48) in a population
containing ear-branching segregates, and the trisome was subsequently identified as 5A (Singh
1986). ,

It was found that the environmental factors significantly affect the expression of SS in some
lines (Sharman 1944; Pennell and Halloran 1984). Fortunately, some lines with stable expression
of SS character are obtained, which provide the feasibility to map the genes for SS character.
The present study aims to localize the genes for SS character on certain chromosomes in a common
wheat line.

Materials and methods

LYB (an ear branching selection selected from a common wheat cultivar, Liying No. 8) stably
showed abnormal spikes with additional spikelets on extended rachilla. The Chinese Spring
monosomic series with normal spikes were used for monosomic analysis of LYB’s SS character.
Three-five monosomic plants were selected from each the 21 monosomic line, and were artificially
pollinated with LYB. At the same time, euploid Chinese Spring was crossed with LYB. A part of
F1 monosomic plants and F1 disomic plants was selfed to obtain F2 seeds, other F1 monosomic
plants and Fi1 disomic plants were backcrossed to LYB to obtain corresponding BC: seeds.

On 3 Nov. 1995, the F1 and F2 seedlings were separately planted. The seeds of BC1 of each
combination were sowed in the field. At harvest, all the spikes were observed carefully to determine
whether they were SS spikes or normal spikes, and the plants were classified into SS spike type
(with at least one SS spike) and normal spike type (with normal spike only). The F2 population
which derived from F1 disomic plants was taken as a control in Fe monosomic analysis.

Result and discussion

The F2 monosomic analysis showed that 24, 2D and 4A Fz populations significantly surpassed
the control population in frequency of SS spike plants (Table 1). The progenies which derived
from backcrossing F1 hybrids monosomic for 2A, 2D or 4A to LYB exhibited higher frequency of
SS gpike plants than other backeross combinations (Table 2). These results mean that
chromosomes 2A, 2D and 4A were responsible for SS character.

Koric (1978) found that two genes promoting development of SS and a dominant epistatic
inhibitor of SS (Nr) exist in common wheat, and that these genes were independently inherited.
The F2 progenies which derived from F1 monosomic plants were homozygous (disomic) or
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Table 1. The result of F2 monosomic analysis for SS character of common wheat line LYB*

Population No. of plants. " No. of plants Frequency %2

: i investigated with SS spike . (L:8)
1A 187 19 0.102
1B 186. 21 0.113
1D 188 17 0.096
2A 184 44 0.289%: 0.065
2B 183 18 0.0984
2D 185 - 75 0.405%* 23.007

‘ 8A 186 20 0.108
3B 187 18 0.096
3D 182 18 0.099
4A 185 39 0.211%* 1314
4B 184 21 0.114
4D 183 20 0.109
5A 186 21 0.113
5B 188 .22 0.117
5D 187 18 0.096
6A 185 20 0.108
6B 186 20 0.108
6D 187 18 0.096
TA 187 23 0.124
7B 185 i 22 0.120
7D 184 20 0.109
CK 191 20 0.105

*data of nullisomics in F2 populations was not involved
** x* analysis showed that the significance of difference from the control F2 population reached

0.01 level

hemizygous (monosomic) corresponding chromosome (s) of LYB. Thus, if a chromosome of LYB
carries the gene promoting development of S8, the plants in its corresponding F2 population
would be homozygous (disomic) or hemizygous (monosomic) for the gene promoting development
of SS. However, according to Koric's conclusion (1978), these plants show 8S only when the
dominant Nr gene on other chromosome is absent in their genome. So, the segregation for spike
type in the corresponding F2 population would be identical with single gene (Nr) segregation, and
the expected segregation ratio would be 1:3 (SS:normal). Only the F2 population which did not
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Table 2. Segregation for spike fype in the progenies derived from backcrossing F1 plants to LYB,
and goodness of fit to three gene model

Used Fiplants No:. of plants No. of plants Frequency of Goodness of fit to
monosomic for  with normal spike with SS spike SS spike plants  three gerie-model

Ratio X2,
1A 82 44 0.349 5:3 0.256
1B 88 40 0.313 . 58 1.875
1D 80 40 0.323 5:8 1.289
2A- 59 67 0.582%* 1:1 0.388
2B 79 46 0.368 5:3 0.005
9D 36 88 0.710%* 1.3 0.871
3A 85 41 0.325 5:3 1,120
3B 82 45 _ 0.854 53 0.152
3D 85 41 0.825 5:3 0.120
4A 60 64 0.516* 1:1 0.073
4B , 80 47 _ 0.870 5:3 0.001
4D 83 43 0.341 5:3 0.477
5A 80 48 0.375 5:3 0.000
5B. . 78 50 0.897 5:3 0.171
5D 71 45 0.857 5:3 0.104
6A 82 42 0.339 5:3 0.551
6B 80 45 0.860 5:8 0.065
6D 76 49 0.392 5:8 © 0.090
7A 75 49 0.395 5:8 0.188
7B 71 50 0.397 5:3 0.171
7D 85 43 0.336 5:3 0.675
disomic 82 46 0.359 5:3 0.075

*and ** X* analysis showed that the significance of difference from the progeny which derived
from backcrossing F1 disomic plants to LYB reached 0.05 and 0.01 levels, respectively

possess Nr may show more than 1/4 SS plants. Therefore, to determine whether Nr gene exists
or not, chi-square analysis was used to test for the goodness of fit to the segregation ratio of 1:3 in
F2 populations. The result showed that F2 progenies of mono-2A and -4A fitted the single -gene
segregation ratio well (Table 1), and the SS character was recessive. The segregation of monosomics
and disomics in 2A and 4A F2 populations could not account for the segregation of spike types,
because both disomic and monosomic plants segregated for spike type in these two Fz populations.
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As‘more than two chromosomes were responsible for the SS character in this cross, the segregation
ratio of 1:3 (SS:normal) in 2A and 4A Fz populations could not be interpreted asthe act of two
recessive complementary genes. The most aceeptable explanation is that chromosomes 2A and
4A carry genes promoting development of SS, and a dominant strong inhibitor of SS (Nr) exists
on other chromosome. Chromosome 2D should be the location of Nr gene, because only it was
responsible for the SS character except chromosomes 2A and 4A. The fact that only 2D Fz
population showed more than 1/4 SS spike plants supported this conclusion. Obviously, LYB
itself could not carry the dominant allele of Nr gene, because it stably showed SS phenotype.
Chinese Spring must carry the dominant allele of Nr gene, while LYB should carry its recessive
allele(nr) or delete this locus.

Since 2D F1 monosomic plants carried no chromosome 2D from Chinese Spring, there was no
Nr in their genomes. In addition, 2D F1 monosomic plant was heterozygous for genes promoting
development of SS, Therefore, all or part of 2D F1 monosomic plants should exhibit SS phenotype,
if the genes promoting development of SS are dominant or incompletely dominant. However, the
F1 monosomic analysis indicated that all 2D F1 monosomic plants exhibit only normal splkes, as
the other F1 plants did. So, the genes on chromosomes 2A and 4A which promote the development
of S8 are recessive, and the gene symbol ss was used to represent them in this paper. The
conclusion of Koric (1978) and Dencic (1988) that dominant or incompletely dominant genes
promoted the development of SS is not valid for present experiment. In this aspect, the ss gene is
synonym of the b4 (branching head) gene which was first used by Sharman (1944) in emmer
wheat.

Based on the result of F2 monosomic analysis, we conclude that the SS character in this cross
is controlled by three genes, i.e., two recessive ss genes on chromosomes 2A and 4A which promoted
development of SS character, and a strong dominant inhibitor of SS (Nr) on chromesome 2D
which prevented the expression of this character. In the light of this conclusion, the segregation
ratio of spike type in progenies which derived from backcrossing F1 disomic or monosomic plants
to LYB could be predicted. For convenience, we adopt the symbol ssI and ss2 to represent the
genes on chromosomes 2A and 4A respectively. Clearly, the genotype of LYB is ss1ssIss2ss2nrnr,
and that of Chinese Spring is S§15S1882SS2NrNr. According to Mendel's laws, F1 disomic
plant (SSIssISSZss2Nrnr), or F1 plant monosomic for chromosome other than 2A, 2D and 4A
(the genotype is SS81ss1582ss2Nrnr too), is expected to produce 8 different genetic constitutions
of gametes, among them, 1/8 gametes is ss1ss2nr, 1/8 gametes is $s18S2nr and 1/8 gametes is
SS1ss2nr. These three types of gametes (total proportion is equal to 8/8) combine with male
gamete (ss1ss2nr) of LYB to form the genotypeg) ss1sslss2ss2nrnr, ss1ss1882ss2nrnr and
8S81ss1ss2ss2nrnr for SS phenotype. So, the expected segregation ratio of spike type in the BC:
population which derived from backcrossing Fi disomic plants, or F1 plants monosomic for
chromosome other than 24, 2D and 4A, to LYB would be 5:3 (normal :SS). Among the female
gametes formed by 2A F1 monosomic plant (ss1582ss2Nrnr), those having the genetic constitution
ss1ss2nr, ss1882nr, Oss2nr (O: delete chromosome 2A and thus delete SSI locus) or OSS2nr
combine with male gamete of LYB to form genotypes ssIsslss2ss2nrnr, sslss18S2ss2nrnr,
ss1ss2ss2nrnr and ss18S2ss2nrnr for SS phenotype, and frequency of each the 4 types of female
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gametes is 1/8.- Thus the BC: population which derived from backerossing 2A F1 monosomic
plants to LYB should exhibit 1/2 88 spike plants. Inthe same way, the BC1 population which
derived fror'nrbackcrossing 4A F1 monosomic piants (SS1ss1ss2Nrnr) to LYB should exhibit 1/2
S8 spike plants too. The 2D F1 monosomic plant (SS1ss18S2ss2nr), produces only 1/4 female
gametes (SS1582) which combine with male gametes (ssZss2nr) of LYB to form genotype
SS1s51582ss2 for normal spike. Therefore, the expected segregation ratio of spike type in the
BC1 population which derived from backecrossing 2D F1 monosomic plants to LYB is 1:8 (normal:SS).
Chi-square analysis showed a good fit to the expected segregation ratio in BC1 progenies (Table
2), indicating that the result of the backcross test supported the three gene inheritance pattern
based on the data of F2 monosomic analysis.

Klindeworth et al. (1990) concluded that the SS character was primarily conditioned by the
group 2 chromosomes. The presence of genes controlling SS character on chromosomes 2A and
2D in this cross supported this conclusion. Moreover, the finding that chromosome 4A carried ss
gene indicated that the SS character is also controlled by chromosome other than group 2.

Acknowledgments

The first author wishes to express his appreciation to Prof. YL Zheng for his helpful assistance in
the preparation of this manuscript.

References

Dencic S, (1988) Genetic analysis of different structures of sink capacity in wheat. Proc 7th Intern Wheat
Genet Symp, Cambridge UK 499-502.

Huang G and Yen C (1988) Studies on the developmental genetics of multiple spikelet per spike in wheat.
Proc. 7th Intern Wheat Genet Symp, Cambridge UK 527-582.

Klindworth DL, Williams ND and Joppa LR (1990) Chromosomal location of genes for supernumerary spikelet
in tetraploid wheat. Genome 338: 515-520.

Koric S (1966) Productivity of branched ears of vulgare wheat. Savrem Poljopr 14: 545-552.

Koric S (1969) Utilization of branched genic complex for increasing productivity of Triticum aestivem ssp.
vulgare. Savrem Poljopr 17: 151-158.

Koric S (1978) Branching genes in Triticum aestivum. Proc 4th Intern Wheat Genet Symp, Columbia Mo
USA 283-288.

Millet E (1983) Breeding for large number of spikelets per spike in wheat. Proc 6th Intern Wheat Genet
Symp, Kyoto Japan 623-628. ’

Pennell AL and Halloran GM (1983) Inheritance of supernumerary spikelets in wheat. Euphytica 82: 767-
776.

Pennell AL and Halloran GM (1984) Influence of vernalisation and photoperiod on supernumerary spikelet
expression in wheat. Ann Bot 53: 828-831.

Rawson HM and Ruwali KN (1972) Ear branching as a means of increasing grain uniformity in wheat. Aust
J Agric Res 28: 551-559.

Salunke NR and Asana RD (1971) Comparative study of the grain in normal- and branched-ear types of
wheat (Triticum aestivum L.), Indian J Agric Seci 41: 1050-1053.

Sears ER (1954) The aneuploids of common wheat. Mo Agric Exp Stn Bull 572.

Sharman BL (1944) Branched head in wheat and wheat hybrids. Nature (London) 153: 497-498,

-11-



Singh D (1986) Location of gene(s) for branched spike character of bread wheat. Wheat Inf Serv 64: 16-18.

Singh D and Joshi BC (1983) Cytogenetics of branched spike in bread wheat. Wheat Inf Serv 56: 1-2.

Swaminathan MS, Chopra VL and Ststry GRK (1966) Expression and stability of induced mutation. for
branching in bread wheat. Curr Sci 85: 91-92.

Yen C (1965) On the developmental genetics of spike appearances in Triticum aestivum L. Genet Sinica 6:
116-129, .

Yen C, Zheng YL and Yang JL (1998) An ideal type for high yield breeding, in theory and practice. Proc 8th
Intern Wheat Genet Symp, Beijing China, 1113-1117.

-12-



Wheat Information Service
Number 86: 13-18 (1998)
Research article

Chromosomal distribution of genes in diploid Lophopyrum
elongatum (Host) A. Love that influences crossability of wheat
with rye

Liu Dengcai, Yen Chi, Yang Junliang and Zheng Youliang

Triticeae Research Institute, Sichuan Agricultural University, Dujiangyan City, 611830, Sichuan,
China

Summary

Triticum aestivum L. lines with added or substituted chromosomes of Lophopyrum elongatum
were hybridized with rye to identify chromosomes in L. elongatum that influenced crossability of -
wheat with rye. The results indicated that chromosome 4E® in L. elongatum suppressed crossability
of wheat with rye. It was suggested that homoeologous chromosome distribution of crossability
genes in L. elongatum was different from that of wheat.

Key words: Chromosome distribution, Crossability, Lophopyrum elongatum, Wheat

Introduction:

The study on the crossability of wheat with rye dates back to the work of Backhouse (1916). Lein
(1948) and Riley and Chapman (1967) showed that alleles at Kr loci control crossability and that
Kr1 and Kr2 are located on chromosome 5B and 5A, respectively. Krolow (1970) suggested that
chromosome 5D also carries a gene Kr3 influencing crossability with rye. Luo et al. (1989) and
Zheng et al. (1992) reported, besides the Kr1, Kr2 and Kr3 loci, a new gene, Kr4 located on
chromosome 1A, '

Dominant alleles of crossability genes in wheat, Kr1, Kr2, Kr3 and Kr4 are known to reduce
crossability with rye (Riley and Chapman 1967; Krolow 1970; Zheng et al. 1992). The Kr loci also
influences on the crossability of wheat with other species in the Triticeae (Snape et al. 1979; Falk
and Kasha 1981; Thomas et al. 1980). There is a strong correlation between crossability with rye
and other species in the Triticeae tribe.

Most European wheat varieties carry dominant Kr alleles and thus have very low crossability
with rye (Zeven 1987). However, wheat landraces from China, Japan, East Siberia and Iran are
rich in high crossability resources (Zeven 1987; Luo et al. 1994; Ma et al. 1996). It is known that
Chinese Spring, a strain of a landrace in Sichuan province of China, has been selected as a
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standard cultivar in the genetic study of wheat primarily for its easy crossability with rye, which
carries high crossability genes Kr1, Kr2, Kr8. Some Chinese landraces of wheat were found that
had even better crossability than Chinese Spring and possess a new crossability gene Krd (Luo
et al. 1994).

Genetic variability for crossability occurs not only in wheat but also has been reported in
alien species. Rye has a single dominant gene for crossability with wheat (Tanner and Falk
1981). Hordeum spontaneum carries a crossable genetic factor(s) similar to the Kr alleles in
wheat (Snape et al. 1979; Taketa et al. 1995). Cheng (1997) found the crossability of octoploid
triticale with common wheat was controlled by a pair of allelic genes. Moreover, genetic variability
for crossability also exists in other species, such as Psathyrostachys juncea, Thinopyrum
trichophorums, etc. (Sharma 1995). However, which homoeologous chromosome(s) in these species
influence(s) the crossability with wheat is still needed to be answered.

To advance the understanding of the evolution of genes that regulate crossability in wheat
and its relatives in general, more information is needed about the presence and distribution of
chromosomes influencing crossability in genomes of the diploid species. Lophopyrum is closely
related to the genus Triticum and contains species that are the closest extant relative to the
ancestors of Triticum (Dvorak et al. 1984). The seven chromosomes of Lophopyrum elongatum
(Host) Live (2n=2x=14, E*E°) show close genetic correspondence to the seven wheat homoeologous
grdups (Dvorak 1980). The objective of this study is to identify chromosomes in L. elongatum
that influence crossability of wheat with rye.

Materials and methods

T. aestivum L. cv. Chinese Spring (CS), the 41 disomic substitutions in which each of A and B
genome chromosome pairs of Chinese Spring was replaced by a homoeologous pair from the Ee
genome of L. elongatum, and the seven disomic additions of single L. elongatum chromosome in
Chinese Spring were kmdly provided by Dr. J. Dvorak, University of California, Davis, CA, USA
(Table 1). All the above additions and substitutions are in a uniform cv. Chinese Spring
background. These substitutions, additions and Chinese Spring were used as female parent in
crosses with rye, Secale cereale L. cv. Qinling (a Chinese landrace).

The crosses were made in the field condition in the 1996-1997 growing season. Crosses were
made using two outermost florets. Emasculated spikes were bagged to avoid pollination with
other plants. After 2-8 days, the stigmas of emasculated florets were pollinated with fresh pollen
of rye, then bagged again.

Number of seed-set per spike was counted about 20 days after pollination. Crossability
percentages were estimated as the ratio of the number of seed-set to number of florets pollinated.
The crossability of a test line with rye was represented by the average percentage of seed set of all
the spikes pollinated of that line. The crossability of each spike was converted to angle and the
converted data were then subjected to analysis of variance.
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Results and discussion

The crossability of the 41 disomic substitutions and the seven disomic additions were compared
with that of control, disomic Chinese Spring (Table 1). Disomic substitutions DS4E(4A),
DS4E+(4B), DS4E«4D), DS5E~(5B), DS6E«(6B) and disomic addition DA4Ee displayed a pronounced
reduction in crossability percentages in comparison with that of control whereas the remaining
36 substitutions and six additions had no statistically significant difference from the control.

Table 1. Crossability of Chinese Spring (CS), disomic substitutions (DS). or disomic additions
(DA) of L. elongatum in cv. Chinese Spring with rye

Wheat lines No. of florets No. of Crossability
pollinated seed-sets percentage
DS1E<(1A) DV83-1-(3) 148 115 77.7
DS1E*(1A) DV83-1-(4) 112 86 76.8
DS1E(1A) DV83-1-(5) 192 145 5.5
DS1E+(1B) DV84-2 178 133 74.7
DS1E(1D) DV60-2-3-(2) 167 136 814
DS1E<(1D) DV60-2-3-(3) 120 90 765.0
DA1E*-2-1-5-2-1-(8) 130 100 76.9
DA1E®-2-1-5-2-1-(4) 1438 117 81.8
DS2E°(2A) DV62-2-3-(1) 130 105 80.8
DS2E®(2A) DV62-2-3-(4) 112 100 89.3
DS2E*(2A) DV62-2-3-(5) 122 102 83.6
DS2E#2B) DV63-3-1-(3) 145 130 89.7
DS2E+(2D) DV64-2-4-(1) 122 108 88.5
DS2E*(2D) DV64-2-4-(2) 114 97 85.1
DS2E+(2D) DV64-2-4-(3) 154 135 87.7
DS2E«(2D) DV64-2-4-(4) 106 92 86.8
DS2E=(2D) DV64-2-4-(5) 144 130 90.3
DA2E° New-8-9-4-3-6-(1) 164 143 87.2
DS3E<(3A) DV65-2-1-1-(2) 132 106 80.3
DS38E<(8A) DV65-2-1-1-(6) 108 87 80.6
DS3E2(3A) DV65-2-1-1~(7) 122 108 88.5
DS3E#(3A) DV65-2-1-1-(8) 136 123 90.4
DS3E*(3A) DV65-2-1-1-(10) 130 113 86.9
128 111 86.7

DS3E*(3A) DV65-2-1-1-(11)

(continued)
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(continued)

Wheat lines No. of florets No. of Crossability
pollinated seed-sets
DSSE(8A) DV65-2-1-1-(12) 92 79 85.9
DS3E(3A) DV65-2-1-1-(13) 136 122 89.7
DS38E<(3B) DV66-2-2-2-(1) 120 99 825
DS3E(3B) DV66-2-2-2-(2) 165 145 87.9
DS3E(8B) DV66-2-2-2-(8) 150 134 89.3
DS3SE*(3B) DV66-2-2-2-(4) 109 100 91.7
DS3SE«(8D) DV67-1-1-(1) 142 125 88.0
DS3E<(8D) DV67-1-1-(2) 114 101 88.6
DS3E*(3D) DV67-1-1-(4) 150 126 84.0
DS4E-(4A) DV893-5-(1) 142 96 67.6%*
DS4E*(4B) DV85-2-1-(1) 186 127 68.3*
DS4E*4D) DV87-3-2-(8) 174 116 66.7%*
DA4E*-15-6-2-3-6-(3) 104 70 67.3**
DS5E«(5B) DV824-5-(2) 188 129 68.6%*
DS5E(5D) DV72-1-2-(2) 322 262 814
DA5E*-4456-4-2 184 108 : 80.6
DS6E°(6A) DV88-3-(5) 150 116 77.3
DS6E*(6B) DV76-3-(3) 146 37 25.3%%*
DS6E*(6D) DV89-3-(3) 184 110 82.1
DAGE®-2-4-12-4-2-(5) 141 130 92.2
DS7E=(7A) DV79-2-1-(1) 175 150 85.7
DS7E+(7B) DV80-2-1-(4) 143 121 84.6
DST7E=(7D) DV82-2-1(1) 134 118 88.1
DA7E® New~(3) 132 114 86.4
CS DV418 (control) 130 115 88.5

Note: *, **, *** prepregent significance at the 0.10, 0.05 and 0.01 levels, respectively.
DS5E(5A) was not available.

The disomic substitution lines are designated DS which is followed by a designation of the
Ee-genome chromosome replacing a cv. Chinese Spring chromosome (in parentheses). Thus,
adisomic substitution line with a substituted chromosome 1E® for 1B is designated DS1E°(1B).
The disomic addition lines are designated DA which is followed by a designation of the E°-
genome chromosome. Thus, a disomic addition line with a added chromosome 1E¢is designated
DA1Ee:. Different line number indicates different substitutions with same substituted
chromosome or different additions with same added chromosome.
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All the disomic substitutions and disomic addition of homoeologous 4, i.e. DS4E*(4A),
DS4E+(4B), DS4E(4D) and DA4E° showed significantly lower crossability than control Chinese
Spring. The results indicated that chromosome 4E° in L. elongatum suppressed crossability of
wheat with rye.

The substitution line DSSE%(5B) showed significantly lower crossability than Chinese Spring,
while DS5E*(5D) and DASE® showed similar crossability to Chinese Spring. DSGE(6A), DS6E*(6D)
and DAGE° showed similar crossability to Chinese Spring, while DS6E*(6B) showed significantly
lower than Chinese Spring. Since only one of the substitution line DS5E*(5B) or DS6E(6B) was:
involved in this experiment and showed reduction of crossability, it was not assured that the
reduction was caused by the suppressing effect of chromosome 5E° or 6E° on crossability,
respectively. The reduction of DS5E<5D) or DS6E«(6D) could be also caused by technical error or
other factors in the experiment, such as partial sterility associated with these substitution lines.

Though the effect of the gene Kr3 was very weak (Riley and Chapman 1967; Falk and Kasha
1988), crossability genes in wheat, Kr1, Kr2, Kr3 and Kr4 were located on chromosome 5B, 5A,
5D and 1A, respectively (Riley and Chapman 1967; Krolow 1970; Zheng et al. 1992). According te
the results of this study, it was demonstrated that chromosomes 4E¢ in L. elongatum involved in
the crossability of wheat with rye. It was suggested that homoeologous chromosome distribution
of crossability genes in L. elongatum was different from that of wheat.
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Genetic control of oligo-culms in common wheat
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Summary

Genetic analysis of oligo-culms was carried out in the bread wheat (Triticum aestivum) line
“88F2185” by using the regular cultivar Chinese Spring (CS) monosomic series. The difference of
culm number per plant between reciprocal crosses was nonsignificant, which means that
cytoplasmic differences for culm number per plant is absent. The result of test-cross experiment
revealed that the difference between “88F2185” and CS in culm number per plant was due to only
one gene, and the oligo-culms was a dominant character. Based on the result of F2 monosomic
analysis, the gene for oligo-culms of “88F2185” was located on chromosome 2A. The symbol Tin2
is suggested to represent this dominant gene.

Key words: Gene location, monosomic analysis, oligo-culms, restricted tiller number, Triticum
aestivum, wheat

Introduction

The culms of wheat (Triticum L.) comprise one main stem and more or less fertile tillers. The
production of tillers which are destined to die constitutes a wastage of resources, since relocation
of nitrogen, minerals and carbon compounds from sterile tiller to the rest of the plant is thought
to be incomplete (Donald 1968). The uniculm habit was first proposed by Donald (1968) as a
mechanism to avoid the formation of unproductive tillers, and this design was in many breeders'
mind. The potential to increase yield by restricted tillering is supported by results from detillering
experiments both on barley (Jones and Kirby 1977; Kirby and Jones 1977; Yen 1964) and on
wheat (Islam and Sedgley 1981; Yen 1964).

Breeding toward to the ideotype of Donald (1968}, breeders have created a few uni- and oligo-

*Present address: Depertment of Biology, Sichuan Normal College, Nanchong City, Sichuan
637002, China
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culms common wheat (T’ aestivum L.) materials. The uniculm habit is associated with some bad
agronomy characters (Yen et al. 1993), and the gene for uniculm of common wheat was located on
chromosome 1AS by Richards (quoted from McIntosh et al. 1993). But the genetic control of
oligo-culms is unknown. To evaluate the value of oligo-culms in wheat breeding, genetic analysis
on it is necessary. )

The present study was concerned with inheritance of oligo-culms, and the chromosomal location
of the gene for this character in common wheat.

Materials and Methods

Prior to initiating this study, the Chinese Spring (CS) monosomic series (kindly provided by Dr.
E.R. Sears) was identified using the modified C-banding technique of Endo (1986). The seedlings
of CS monosomic series were planted in autumn 1994, Three to five monosomic plants in each
monosomic line were selected by cytological examination of root-tip cells, and were pollinated by
the common wheat oligo-culms line, “88F2185” (provided by X.L. Zhang, agronomist in Xianyang
Agricultural Institute, China). Three disomic CS plants were crossed reciprocally with “88F2185”.
Data on culm number per plant were recorded and evaluated in the following analysis:

(1) test-cross analysis: F1seeds of reciprocal crosses between CS (euploid line) and “88F2185”
were planted in Markang city for summer propagation. A part of reciprocal F1 plants backcross
to CS to obtain BC1 seeds. Other F1 hybrids were selfed to obtain F2 seeds. On 8 Nov. 1995, seeds
of “88F2185”, euploid CS, BC: and the reciprocal F: and F2 were sowed separately in the same
experimental field in Dujiangyang city. The distances between plants were kept 10cm apart.
(2) F2 monosomic analysis: 24 different populations comprising 21 Fz populations that derived
from F1 plants monosomic for different chromosomes, the F2 population that derived from disomic
F1 plants and the two euploid parental lines were analyzed. In all, 128 seeds of each population
were planted in four randomized double rows, 1.5m long each. The distances between plants
were kept 10cm apart in every rows, and the rows were spaced 30cm apart. The sowing date was
3 Nov. 1995.

Some F2 populations that derived from F1 monosomic plants needed grouping according to
whether they were monosomic or disomic. So, seeds of plants in these F2 populations were
individually harvested, and ¢chromosome counts of five Fs seeds was carried out at mitosis. The
F2 plant was considered as disomic if all the five Fs seeds that derived from it had 42 chromosomes,
or as monosomic if one or more seeds possessed 41 chromosomes in somatic cell.

In 1996, the culm number per plant and the final plant height were investigated at harvest.
The total tiller number was investigated at jointing stage, when the tiller number per plant
reached the maximum for the materials in the present experiment. The F2 population derived
from F1 disomic plants was taken as check population in Fs monosomic analysis. The significance
of differences between the mean values were detected by t-test, and F-test was adopted to detect
the significance of the differences between the variances.
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Results and discussion

Test-cross analysis:
The F1 population of the cross (88F2185 x CS) showed 4.15 culms per plant, whereas the F1
population of cress (CS x 88F3185) showed 4.18 culms per plant. However, statistic analysis
showed the difference of culm number per plant between the reciprocal F1 populations was not
significant (P=0.912). In addition, two F2 populations that derived from the reciprocal F1 hybrids
segregated for culm number per plant, with mean culm number per plant of 5.90 and 5.96
respectively. Statistic analysis of the two reciprocal Fz populations indicated homogeneity in
culm number per plant (P=0.874). These results indicated that cytoplasmic differences for the
oligo-culms was absent, and that data from reciprocal crosses could be pooled.

The result of test-cross was shown in Fig. 1. Fi progeny showed similar culm number to
“88F2185”. This result means that the oligo-culms is a dominant character. So, the suggestion of
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Fig. 1. Frequency distributions of the culm

number per plant of the lines 88F2185 and
Chinese Spring, and the F1 (Chinese
Spring x 88F2185) and BCi (Fi x Chinese

Spring)

21-

Richards that a recessive gene inhibit the
tillering capacity is not valid for the present
experiment.

The BCi frequency distribution figure
of culm number per plant could be divided
into two parts. One part comprised 133
(52.4%) plants with 1-6 culms, the other
comprised 121 (47.6%) plants with 7-13
culms. If we arbitrate the plants with 1-6
culms per plant as oligo-culms plants, and
the others as regular ones, the segregation
of BC1 population was fitted to the ratio of
1:1 (x*=0.476, P=0.493). Therefore, the BC1
frequency distribution of culm number per
plant could be interpreted as one gene
segregation.

F2 monosomic analysis:

Besides the disomic and monosomic plants,
nullisomic plants existed in every Fa
populations that derived from Fi
monosomic plants, Among them, most of
or all of the nullisomic plants died before
flowering in some F2 populations. Some
nullisomic plants could survive to harvest
in some other F2 populations. Nullisomic
plants deleted a part of chromosomes, and
were stunted and nonvigorous,
consequently they showed less culms than



the disomic plants in the same population. This was due to the nullisomic effect, and did not
related to whether the corresponding chromosome carried gene for this character or not. So,
nullisomics were excluded after determination by meiosis observation. Thus, the data of
nullisomics was not involved in the means and variances of F2 populations in Table 1.

As 4A, 7A and 7B F: populations surpassed the check F2 population in variance, they were
grouped into disomic and monosomic subpopulations. The 4A, 7A and 7B Fe disomic subpopulations
exhibited statistically similar culm number per plant to the check Fe population. This result
means that ck.romosomes 4A, 7A and 7B could not be the location of gene coding for oligo-culms.
Thus, the low culm numbers of 4A, 7A and 7B F2 monosomic subpopulations could be attributed
to their hemizygous state of corresponding chromosome. This hemizygous effect was previously
observed in Bersee monosomic series (Law et al. 1987).

In all the 21 F2 populations that derived from F1 monogomic plants, only the 2A Fz population
showed a considerable and significant low culm number per plant with small variance among
plants (Table 1). 2A F2 population was similar to “88F2185” in the mean value of culm number
per plant. Therefore, the gene for oligo-culms of “88F2185” is on chromosome 2A.

In 2A F2 population, monosomic plants possessed only one dose of “88F2185”s’ chromosome
2A, and the disomic ones possessed two doses of this chromosome. However, statistic analysis
showed no correlation between the culm number per plant and the dosage of chromosome 2A.
Thus, the gene on chromosome 2A is hemizygous effective and dosage-independent.

Table 1. Means and variances of culm number per plant of lines “88F2185”, CS and of the F
populations derived from crosses of “88F2185” with the monosomic series of CS

Population Mean  Variance  Population Mean Variance Population Mean Variance

88F2185 4.06 1.16

CS 10.12 1.99

check Fs 5.94 9.15

F2 monogomic for

1A 6.06 8.95 1B 5.88 9.76 1D 5.94 9.14

2A 4.15%%  1.27% 2B 5.76 8.47 2D 5.82 9.86

3A 6.07 977 3B 6.11 10.22 3D 5.84 9.37

4A disomic 6.11 10.08 4B 597 8.55 4D 6.14 10.16
monosomic  5.24*  8.68

BA 6.18 8.95 5B 6.01 9.32 5D 5.94 8.69

6A 6.21 8.67 6B 6.08 9.88 6D 6.17 9.07

TA disomic 5.89 9.24 7B disomic 6.10 8.42) 7D 5.80 8.79
monosomic  5.17* 8.76 monosomic 5.35% 8.53

*; p<0.05, **: p<0.01
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Considering that Rh£7 gene on chromosome 2A had pleiotropic effect reducing culm number
per plant (Worland et al. 1980), and “88F2185” was a semi-dwarfing line, to determine whether
the géne for oligo-culms of “88F2185” was Rht7 or not, the final height of plants in 2A Fz population
were investigated. The result (Table 2) showed that the height of disomic plants in 2A Fz2 population
was similar to that of the check Fe population, indicating that chromosome 2A of “88F2185” did
not carry any dwarfing gene. Thus, the gene on chromosome 2A of “88F2185” for oligo-culms
could not be RAt7. :

As we known, tiller number is often related to flowering date, earlier flowering genotypes
having fewer fertile tillers. The low culm number of 2A Fz population could have been attributed
to the presence of day length sensitivity gene, ppd3 which was located on chromosome 2A. However,
heading date investigation indicated that 2A F2 disomic plants was similar to the check Fz
population in the time to ear emergency (Table 2), indicating that “88F2185” is similar to CS in
chromosome 2A’s effect on heading date. So, the gene for oligo-culms on chromosome 2A of
“88F2185” did not belong to Ppd3 gene locus.

At spaced condition, the productive culm number of “88F2185” (4.1 + 1.08) was little lower
than its total tiller number (3.4 + 1.44) plus one (main stem). So, the oligo-culms character of
“88F2185” observed at harvest was due to its restricted tillering capacity. Richards had located a
recessive gene, tin (tiller inhibitor) on chromosomal arm 1AS, which inhibited tillering in a bread
wheat uniculm line (quoted from McIntosh et al. 1998). But in this experiment, the 1A, 1B and
1D Fz populations showed similar culm number to the check Fz population, indicating that group
1 chromosomes did not contribute to the oligo-culms of “88F2185”. Whereas, the gene which
reduced significantly the tiller number of “88F2185” was on chromosome 2A. Thus it belongs to a
new gene locus. So, it is suggested that the gene symbol, Tin2 is designated to denote the
dominant gene on chromosome 2A of “88F2185",

Table 2. Final plants heights and the heading date of "88F2185", CS and the hybrid populations
derived from crossing "88F2185" to disomic and monosomic 2A of CS respectively,
grouped according to whether they were monosomic or disomic.

Population Disomics or Final plant height (cm) Heading date*
monosomics Mean Variance Mean Variance
CS mono. 2A x 88F2185 disomic 115.7 167.24 1565 16.94
monosomic 104.3%% 148,51 16.2 17.71
CS disomics x 88F2185 disomic 117.1 138.21 15.8 16.25
CS disomic 129.7 28.20 22.0 2.02
88F2185 disomic 95.0 18.87 3.6 1.90

* days from a desingnated date
**: p<0.01
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Summary

Chromosomal location, cytological mapping and the assessment of variability of a cDNA encoding
protein disulfide isomerase (PDI) in wheat are reported. Three PDI homoeoloci were mapped to
chromosome arms 4AL, 4BS and 4DS. Deletion mapping localized PDI sequences at the distal
0.3 length fraction of 4DS, in a region, thus far, poor in other DNA markers. RFLP pattern
detected by PDI probes were extremely conserved among hexaploid wheats. Some polymorphism
was observed among tetraploid wild wheats, and among A-genome and S-genome diploids, making
PDI probes useful to monitor introgressions from these lines into common wheat.

Key words: PDI (protein disulfide isomerase), cytological mapping, Triticum sp., Aegilops sp.

Introduction

Mapping of plant genomes has been attracting considerable attention in the past two decades
(reviewed by Dean and Schmidt 1995). In this respect, combining the recombinational and
-cytological maps is of particular importance (Warner et al. 1992). Inspection of a number of
cytological maps of wheat chromosomes reveals that considerable length fractions (up to 15%)
currently lack cloned DNA markers, while other chromosomal regions are relatively rich in such
markers (Hohmann et al. 1994; Mickelson-Young et al. 1995; Delaney et al. 1995). Therefore, it
is important to obtain new chromosomal landmarks for regions in which DNA markers are scarce.

Protein disulfide isomerase (PDI EC 5.8.4.1) is an enzyme involved in the formation of disulfide
bonds required for correct protein folding (Shimoni et al. 1995). Following its recent cloning and
characterization in common wheat (therein) we hereby describe its cytological location and possible
usefulness as a genetic marker in wheat.

*Corresponding author: Tel: 972-8-9481943 Fax: 972-8-9468265 e-mail: abbo@agri.huji.ac.il
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Materials and methods

Source of the probe
Aneuploid analysis was done using the Necol-EcoRI 335 bp DNA fragment encoding amino acid
residues 67-178 from the deduced open reading frame of wheat protein disulfide isomerase (PDI)
¢DNA (Shimoni et al. 1995). In addition, for RFLP studies of wheat and related species, we have
also used the 8' untranslated region (3'UTR) of the same cDNA which was a 234 bp SacI-Xhol
fragment, from the first nucleotide 5' of the stop codon to the cloning site.

Results and discussion

Chromosomal location, deletion mapping and copy number

Hybridization experiments conducted under high stringency using the PDI coding probe revealed
three fragments of similar signal intensity on Southern blots of the common hexaploid wheat cv.
Chinese Spring (CS). Southern analysis of wheat nullisomic-tetrasomic and ditelosomic lines of
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Fig. 1, Chromosomal arm assignment of wheat PDI genes. EcoRI-digested DNA of a set of
chromosome group 4- ditelosomic lines or suitable nullisomic-tetrasomic lines of common
wheat CS was hybridized with the PDI coding probe. Lanes 1 and 8: hexaploid wheat
cultivar Chinese Spring. Lane 2: ditelosomic 4DS. Lane 3: ditelosomic 4DL. Lane 4:
ditelosomic 4BS. Lane 5: monosomic 4B-tetrasomic 4D. Lane 6: ditelosomic 4AL. Lane 7:
nullisomic 4A-tetrasomic 4D. The deduced chromosomal location of the observed bands
is indicated on the left.
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CS allowed us to assign these fragments to chromosome arm 4AL, 4BS and 4DS (Fig. 1). Wheat
chromosome 4A is known to have undergone complex rearrangements (Naranjo et al. 1987; Devos
et al. 1995). We inferred that PDI maps proximal to the 4AL/5AL translocation breakpoint, since

it remained

on chromosome 4A.

The physical location of the PDI genes on chromosome 4D was studied by deletion mapping,
using DNA isolated from Endo’s (1988) deletion stocks. The sequence from the 4DS chromosome
arm (Fig. 2) was missing in lines 4DS-1 and 4DS-3, with fraction length (FL, the chromosome
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Fig. 2. Physical location of wheat PDI
genes. Autoradiogram of a
Southern analysis of DNA
extracted from 4DS deletion
lines and CS hybridized with
PDI ceding probe. The identity
and fraction lengths (between
parenthesis) of the deletion lines

are

shown.
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wheat genes. Five ug of nuclear DNA

from the common hexaploid wheat

Chinese Spring (CS) were digested
with EcoRI, denatured and slot-
blotted together with proportional
amounts of target DNA
corresponding to 5-40 copies.
Hybridization was carried out with
the PDI coding probe.
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Fig. 4. Southern analysis of BamHI-restricted DNA from wheat lines and their diploid progenitors
and related species hybridized with the PDI coding probe. A) Hexaploids: CS=T. aestivum
ssp. vulgare cv. Chinese Spring, TAS03= ssp. spelta, TAA44= ssp. vulgare cv. Thatcher,
TACO1= ssp. compactum, TAAG6= ssp. vulgare cv. Bethlehem. Tetraploids: Genome AB,
TTR= T. turgidum var. durum cv. Inbar, TTC= ssp. dicoccum cv. Farum Koérn, TTD= ssp.
dicoccoides. Genome AG, TIA=T. timopheevii ssp. araraticum. Diploids: Genome D, TQ=
Ae. squarrosa. B) Sitopsis group, TS= Ae. speltoides. TL= Ae. longissima. TH= Ae.
sharonensis, TE= Ae. searsii. TB= Ae. bicornis. Genome A, TMU= T urartu, TMM= T.
monococcum $sp. monococcum, TMB= ssp. boeoticum.
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arm length in the deletion line relative to the standard length) of 0.53 and 0.67 respectively,
whereas it was present in line 4DS-2, with FL of 0.82. This indicates that the corresponding PDI
locus resides on the distal third of chromosome arm 4DS, between FL values 0.67 and 0.82.
Inspection of the cytological map of wheat chromosome 4D (Mickelson-Young et al. 1995) indicates
that this sub-chromosomal region, encompassing 15% of the arm length, currently lacks any
molecular markers.

Comparison of the hybridization intensities of CS total DNA and known amounts of plasmid
DNA corresponding to 5-40 copies of PDI (Fig. 3) suggests that this sequences are present in ca.
30 copies in hexaploid wheat, or 5-6 copies per wheat constituent genome. This indicates that the
number of PDI loci in wheat is similar to that in alfalfa (Shorrosh and Dixon 1991), barley (Chen
and Hayes 1994) and maize (Li and Larkins 1998).

Gene nomenclature (McIntosh et al. 1993)

Xpdi (4A, 4B, 4D) ’

Polymorphism and presence of PDI sequences in wheat and related species

Southern analyses of DNA from 34 cultivars of bread wheat digested with four restnctlon enzymes
(EcoRI, BamHL HindlIl and Dral) did not detect any restriction fragment polymorphism, with
both coding region and 3'UTR probes (data not shown). When the PDI coding probe was hybridized
to DNAs extracted from wheat and related species of various origins and ploidy, digested with
BamHI (Fig. 4), 1-8 bands were detected. Hexaploid wheats (Panel A, lanes 1-5) presented three
monomorphic bands. Tetraploid wheats with genome AABB (lanes 6-11) showed two bands.
With the exception of durum wheat, they shared a B-genome fragment of higher mobility than
the one from hexaploid wheat. T. timopheevi var. araraticum (lanes 12-14) presented an additional
band and showed no intraspecific variation. Among the diploids, one band was observed in all
accessions except for T. monocoecum var. monococcum accession TMMO04 (Panel B, lane 17) and
T. monococcum var. boeoticum., accession TMBO1 (Panel B, lane 20), which showed three and
two fragments, respectively. T. tauschii accessions (Panel A, lanes 15-18) were monomorphic,
with restriction fragments similar in size to the CS D-genome bands. - Polymorphisms were evident
between and within species of the S-genome Sitopsis group (Panel B, lanes 2-12), which is related
to the B genome of hexaploid wheat. The A genome diploids (lanes 13-20) also showed interspecific
and intraspecific variation, with no variant closely matching the gel mobility of the A-genome
PDI band in CS.

Despite limited polymorphism between bread wheat cultivars, the cytological location of the
PDI locus, the absence of nearby cloned markers and observed variation in tetraploid wheat
could make PDI an useful marker when analyzing DNA transfer from emmer wheat into hexaploid
wheat.
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Summary

Fifteen cytoplasms of Triticum and Aegilops species were characterized by the respiratory electron
flows through the cytochrome and alternative paths under normal and NaCl salinity conditions
using 3-day-old seedlings of common wheat (7. gestivum L.) cv. Chiriese Spring (CS) and the
alloplasmic hybrids of CS. Under the normal condition, five plasm types of C, Sl, Sb, Mt and Mt2
showed respiratory path activities equivalent to those of B plasm type of the euplasmic CS. NaCl
salinity caused significant increases in the total and cytochrome path activities but no detectable
changes in the alternative path activity in CS. Plasm types of Sl and Mt showed a similar salinity
response to the euplasmic CS. These results and a cluster analysis suggested that Sl plasm type
of Ae. sharonensis is most closely related to B plasm type of CS. '

Key words: cytoplasmic diversity, respiratory electron flow, NaCl salinity, Triticum and Aegilops,
B plasm donor

Introduction

In Triticum and Aegilops, the evolution of plasmons has been studied extensively using cytoplasm
substitution lines or alloplasmic hybrids in which given nuclei of common wheat and/or tetraploid
wheat are combined with alien cytoplasms from various species in these genera (for reviews see
Tsunewaki 1980, 1989, 1993, 1995; Ohtsuka 1991; Maan 1995). Plasmon diversity in Triticum
and Aegilops has been studied primarily based on the nucleus-cytoplasm interactions affecting
fertility and other physiological and agronomical characteristics in the alloplasmic hybrids (Kihara
1954; Tsunewaki 1980, 1993, 1995; Ohtsuka 1991; Maan 1995; Tsunewaki et al. 1996). The

*Corresponding author: nakamura@kobe-u.ac.jp

-31-



organellar DNA polymorphisms in the alloplasmic hybrids also have provided important
information on the cytoplasmic diversity and maternal lineage in Triticum and Aegilops (Ogihara
and Tsunewaki 1982, 1988; Tsunewaki and Ogihara 1983; Terachi and Tsunewaki 1986, 1992;
Terachi et al. 1990; Miyashita et al. 1994; Ohsako et al. 1996; Wang et al. 1997). ‘

However, information on the physiological contribution of the alien cytoplasms in the two
major organellar functions, i. e. photosynthesis in chloroplasts and respiration in mitochondria,
has been limited in the alloplasmic hybrids. A considerable amount of information is available
on the photosynthetic components and activities in Triticum and Aegilops species (Chen et al.
1975; Austin et al. 1984; Evans 1986; Evans and Austin 1986; Terachi et al. 1987; Nakamura et
al. 1991; Kasai et al. 1997), but a very few studies have been reported on the effects of alien
cytoplasms on the respiratory characteristics in the alloplasmic hybrids (Iwanaga et al. 1978;
Nakamura et al. 1991). )

In this paper we report the cytoplasmic diversity evaluated by the respiratory electron flows
in seedlings of common wheat cv. CS and 14 alloplasmic hybrids of CS under normal and NaCl
salinity conditions. Based on the data and the estimated taxonomic relationship, it was suggested
that Sl plasm type of Ae. sharonensis is most closely related to B plasm type of CS.

Materials and methods

Plant materials

Fourteen alloplasmic hybrids used in this study (Table 1) were originally produced by Prof. K.
Tsunewaki (presently Fukui Prefectural University). CS served as control. Seeds were imbibed
for 5hr under tap water, placed in 4°C overnight and germinated on filter papers in petri dishes
supplied with either 0 (normal condition) or 0.15 M NaCl solution (salinity condition).

Respiratory measurements

Three-day-old whole seedlings (8 days after imbibition) were used in the following study of
respiration. The rate of oxygen consumption was measured polarographically using a Klark-type
oxygen electrode (Rank Brothers, Cambridge) according to Nakamura et al. (1991). Briefly, the
whole seedlings were incubated at 25°C in 3 ml of buffer (pH 6.6) containing 50 mM N-[2-
hydroxyethyl] piperazine-N’-2-ethanesulfonic acid and 10 mM 2-[N-morpholino]-ethanesulfonic
acid inside the sample cell. Effects of respiratory inhibitors, i.e., 1 mM KCN for the cytochrome
path and 1 mM salicylhydroxamic acid (SHAM) for the alternative path, were studied singly and
in combination. The data were taken from at least 9 samples per line and the activity of each
path was calculated according to a model equation developed by Bahr and Bonner (1973). The
residual rate of oxygen consumption which is resistant to both KCN and SHAM was subtracted
to estimate the total path activity. Average taxonomic distances among all the alloplasmic hybrids
and CS were calculated based on standardized values and a dendrogram was constructed by
UPGMA (Sneath and Sckal 1973).
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Results and discussion

The total respiratory path activity at the 8-day-old seedling stage was significantly higher in 6
alloplasmic hybrids and lower in 3 others than CS under the normal condition (Table 1). D plasm
type of Ae. squarrosa and Mh of Ae. heldreichii showed higher cytochrome path activities than
CS, while the cytochrome path activity of Sv plasm type of Ae. kotschyi was lower. Only Cu plasm
type of Ae. umbellulata showed a higher alternative path activity than CS. Under the normal
condition, as a whole, five plasm types (C of Ae. caudaia, Sl of Ae. sharonensis, Sb of Ae. bicornis
and Mt and Mt2 of Ae. mutica) showed the respiratory path activities equivalent to those of CS.

Under the salinity condition, coefficients of variation of a majority of parameters were larger
than those under the normal condition (Table 1). Cu plasm type showed significantly lower total
path and cytochrome path activities than CS, and C and Sv plasm types showed lower total path
activities. It was noted that the alternative path activities of six plasm types were higher than
CS under the salinity condition. The alternative path is known to be operative uniquely in plants
under the conditions of energy oversupply or limited cytochrome path capacity Moore and Siedow
1991). The path is resistant to cyanide and the electron flow through this path is considered to be
energetically wasteful because of the uncoupling with ATP production. Although physiological
significance of this path remains unclear, it has been suggested that the path plays a role in
maintaining the homeostasis of plant cells in relation to cellular energy states (Lambers 1982).
The observed higher alternative path activity in one half of the alloplasmic hybrids than CS
under the salinity condition suggests that the energy overflow through this path is associated
with the limited capacity of the cytochrome path in these alloplasmic hybrids. The response of
plasm types to NaCl salinity, i.e., increases or decreases in the respiratory path activities relative
to those under the normal condition, is shown in Fig. 1. NaCl salinity caused significant increases
in the total and cytochrome path activities in CS. The observation is consistent with the report
that the cytochrome path activity increases in wheat plants subjected to NaCl salinity, possibly
to cope with theincreased energy demand under salinity conditions (Zagdanska 1995). Similarly,
S1, Mt, Mt2 and Sv plasm types showed increases in both total and cytochrome path activities
under the salinity condition. On the other hand, the salinity condition caused significant decreases
in the total path activity and/or cytochrome path activityin D, Mh and G plasm types.

Based on the average taxonomic distances estimated by the respiratory electron flows under
both normal and NaCl salinity conditions, a dendrogram showing the phylogenetic relationships
was eonstrueted. In this dendrogram, B plasm type of CS was clustered with Mu, G, S, Sl and Mt
plasm types (Fig. 2). Among these five plasm types, Mu, G and S showed higher total activities
than CS under the normal condition and higher alternative path activities under the salinity
condition and Mt plasm type showed higher total and alternative path activities under the salinity
condition. Only Sl plasm type showed the respiratory activity equivalent to that of CS under
both conditions. The results suggested that Sl-palsm type of Ae. sharonensis is most closely
related to B palsm of CS.

A large volume of research results have been accumulated on the interspecific variations in
the nuclear and organellar DNAs of Triticum and Aegilops species, suggesting that Ae. speltoides
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Fig. 1. Changes in the respiratory electron flows under NaCl salinity condition as compared
with those under the normal condition. * and # indicate the lines showing significantly
higher and lower mean values respectively under the salinity condition than the normal
condition, For the abbreviations of the plasm types, see Table 1.
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is the cytoplasm donor of polyploid wheat (Tsunewaki et al. 1976; Breiman 1987; Ogihara and
Tsunewaki 1988; Dvorak and Zhang 1990; Terachi and Tsunewaki 1992; Miyashita et al. 1994;
Tsunewaki 1995; Ohsako et al. 1996; Wang et al. 1997). However, there are several reports
suggesting that Ae. sharénensis, Ae. searsii and/or Ae. longissima are the cytoplasm donor(s) of B
plasm type (Sears 1956; Feldma.n 1978; Kushnir and Halloran 1981, 1982; Nishikawa and Furuta
1978; Nath et al. 1988, 1984) Although some major discrepancy can be seen between the
phylogenetic xrelatlonshlps constructed based on the respiratory electron flows (Fig. 2) and those
based on various agrommlc characteristics and organellar DNA polymorphisms (for a review see
Tsunewakl 1995), our regults pomted out the possibility thatAe sharonenszs mlght have played
a role rm the evolutlon of B palsm type oﬁpolyplold W‘heat S .
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Zhong 2 is a partial amphiploid (2n=56) between Triticum aestivum and Thinoyrum intermedium.
Meiotic metaphase I in the hybrids between Triticum aestivum Chinese Spring and Zhang 2
usually has 21 bivalents and 7 univalents (Table 1), suggesting that Zhong 2 may carry all the
chromosomes of common wheat and seven pairs of chromosomes from Th. intermedium. Th.
intermedium is a hexaploid species, its genome constitution is revised as E:E1EsEsXX(Dewey
1984; Friebe et al. 1992). In order to determine which set of Th. intermedium chromosomes
Zhong 2 contains, we made crossing between F1 hybrids from T. durum x Th. intermedium and
Zhong 2, and crossing between Zhong 2 and T. durum. Chromosome pairing of the hybrids was
studied in this paper .

In all the combinations, the PMCs of the hybrids exhibited trivalents and quadrivalents. A
high level of trivalents was observed in hybrids between (7. durum x Th. intermedium)F1 and
Zhong 2, five trivalents were observed in some cells. Quadrivalent and pentavalent can also be
observed in some cells, these mutivalents may be due to chromosome translocation or chromosome
structural variation in Zhong 2.

The genomic constitution of the partial amphiploids of 7' aestivum x Th. intermedium should

Table 1. Chromosome pairing at meiotic metaphase I of PMCs of the hybrids.

Cross combination Number of cells Uinvalents Bivalents  Trivalents Quadrivalents

(T durum x Th. inter- 64 17.2+0.48 17.9+0.26 2.4+0.13 0.4+0.06
medium)F1 x Zhong 2

T. aestivum CS x Zhong2 48 8.2+0.20 19.4+0.18 0.4+0.07 0.2+0.05
Zhong 2x T. durum 34 13.4+0.26 12.8+0.22 0.9+0.13 0.1+0.02

*Corresponding author, e-mail: ycsuo@ivy.nenu.edu.cn
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be AABBDDE:E;: or AABBDDE:2E2 and AABBDDXX. The genomic constitution of hybrids of (7.
durum x Th. intermedium) x Zhong 2 (2n=63) is AABBDXE1E2C (the C represents one genome
in Zhong 2 that comes from Th. intermedium). If C=X, the genomic constitution of the hybrids
(2n=63) is AABBDXE:1E2X, they should have 28 bivalents and 7 univalents at meiotic metaphase
I. If C=E1 or Ez, the genomic constitution of the hybrids (2n=68) is AABBDXE1E1E2z or
AABBDXE:1EzEs, they should show 14 bivalents, 7 trivalents and 14 univalents in the PMC.
From the actual observed results, chromosome pairing averaged
17.21+17.911+2.4111+0.4IV+0. 1V in the hybrids (2n=68), but the average of trivalents per cell in
Zhong 2 x T'. durum and C S x Zhong 2 hybrids were 0.9 and 0.4, respectively. These results
indicated that the genomic constitution of Zhong 2 may be AABBDDE:E: or AABBDDE:zE:2. A
slightly low frequency of trivalents in the hybrids (2n=63) might be due to a tendency of chromosome
pairing towards bivalentization. This result is similar to the frequency of trivalents in the triploid
hybrids between diploid Th. elongatum (EE) and tetraploid. Th. elongatum (EiEi1E2Es).
Chromosome pairing averaged 5.611+2.21II and 4.211+2.8111 in the triploid hybrids as reported by
Dvorak( 1981 )and Charpentier et al. (1986), respectively.
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Many papers have reported the crossability of bread wheat landraces from China with rye (Luo
et al. 1992, 1993a, 1993b, 1994), however, few of them has excellent agronomic traits, so landraces
with high crossability were less useful in wheat breeding by distant cross than those with both
high crossability and excellent agronomic traits. With the artificial evolution of wheat cultivars,
more and more cultivars or lines with high-yielding, multi-resistance, semi-dwarf and so on appears
in China, but little work has been done to test their distant crossability, we so selected some
improved wheat cultivars or lines, most of them are being grown in China, to cross with rye in
order to reveal their distant crossability, this-would be more helpful in wheat breeding by distant
cross.

Of 69 wheat materials (Triticum aestivum L.), the landrace Chinese Spring from Sichuan
Province was as the check, the improved cultivars or lines were kindly provided by Professor Bao
Wen-Yi and Mr. Wéng Yong.  Of 68 wheat cultivars or lines, most of them were from Shandong
Province, the others were from Shanxi, Shaanxi, Henan, Hebei provinces and Beijing City. Rye
(Secale cereale) was used as male tester in the crosses. In each wheat material about 400 florets
were emasculated and pollinated by brush with large amount of fregh pollen of rye at the
appropriate stage of stigma receptivity at Taian farm in Shandong Province, China in 1993, The
crossability percentage was expressed in terms of the % seed-set out of the florets pollinated in
eachcross.

Of 69 wheat materials (Table 1), Chmese Spring showed the highest crossability (82 3%)
with the rye, no cultivar or line expressed higher or similar crossakility than or to the check, and
only 3 cultivars had a crossability more than 50%, 3 ones with 30—50%, 5 ones with 10— 30%,
and 57 cultivars or lines with less than 10% crossability.

In companson with the previous studies (Luo et al. 1992, 1998a, 1993b, 1994) on the crossablhty
of bread wheat landraces from China, there were less cultivars or lines with high crossability
than. that of landraces and no cultivar or line were with higher or similar erossability than or to
Chinese Spring. The results revealed that with artiﬁcial evolution of wheat cultivars, Wheat

* The present address: Department of Agronomy, Nanng Agricultural University, NanJlng City,
Jiangsu Province, 210095, China
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cultivars or lines are losing their crossability with rye despite their improving agronomic traits,
so it is very important to transfer the high crossability genes into the improved wheat cultivars or
lines in wheat breeding.

Table 1. Four groups of whieat cultivars (lines) from China as clagsified by crossability with rye

Group 1: >50.0%
Chinése Spring (Sichuan), Bima No. 4 (Shaanxi) Youzimai (Henan), Mazhamai (Shaanxi)

Group 2: 230%<50%
Qida No. 195 (Shandong), Huixianhong (Henan),Jinan No. 10 (Shandong)

Group 3: =10% <30%
Yannong No. 15 (Shandong), Shannong No. 587 (Shandong), 8641012 (Shandong), Jinan No. 2
(Shandong), Laizhou No. 953 (Shandon

Group 4: <10

Lumai No. 2 (Shandong), Lumai No. 1 (Shandong), Lumai No. 8 (Shandong), Lumai No. 4
(Shandong), Tai No. 856908 (Shandong), 215953 (Shandong), Wei No. 4311 (Shandong), Fu No.
63 (Shandong), Lumai No. 17 (Shandong), Lumai No. 20 (Shandong), Hongtutou (Shandong), 80
-36 (Shandong),Jinan No. 6 (Shandong), Lumai No. 7 (Shandong), Lumai No. 11 (Shandong),
Yumai No. 14 (Henan), 864990 (Shandong), Lumai No. 14 (Shandong), Yan No. 1936 (Shandong),
Zinong No. 083 (Shandong), Jinmai No. 31 (Shanxi), Taishan No. 8 (Shandong), Lumai No. 12
(Shandong), Lumai No. 15 (Shandong), Hongyoubao (Shandong), Yumai No. 13 (Henan), Lin No.
85-14 (Shandong), Taishan No. 5 (Shandong), Honggao No. 38 (Shandong), Fengchan No. 3
(Shaanxi), Jinghua No. 1 (Beijing), Jinghua No. 8 (Beijing), Lumai No. 10 (Shandong), Lumai No.
19 (Shandong), Ju No. 8408(Shandong), Lumai No. 13 (Shandong), Linfen No. 6010 (Shanxi), Ji
No. 84-5418 (Hebei), Baiyoubao (Shandong), Jihe No. 02 (Shandong), Jinan No. 13 (Shandong),
Zao No. 1 (Shandong), PH85-88-3 (Shandong), Jinan No. 8 (Shandong), Taishan No. 4 (Shandong),
Yumai No. 17 (Henan), Baigao No. 38 (Shandong), Lumai No. 5 (Shandong), Taishan No. 1
(Shandong), PH90-3 (Shandong), PH85-4 (Shandong), Lumai No. 16 (Shandong), Longkou No.
7915 (Shandong), Jinmai No. 33 (Shanxi), Yumai No. 2 (Henan), Jinmai No. 87 (Shanxi), FengKang
13 (Beijing)
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The previous studies (Luo et al. 1992; 1993a; 1998b; 1994) reported the crossability percentages
of landraces from Sichuan, Shanxi, Henan, the Tibet Region, Hunan and Hubei, China and their
geographical distribution, and revealed that landraces with high crossability widely exist in the
regions of Sichuan, Shanxi, Henan, Hunan and Hubei, but rare in the Tibet Region, Our paper
reports the crossability percentages of bread wheat landraces from Shandong province in eastern
China with rye and their geographical distribution.

Laiwu
A O AROK® &
:Dongplng

Fig. 1 The geographical distribution of crossability of 65 wheat landraces in comparison with CS
in Shandong Province, China
A: Group 1, O: Group 2, A: Group 3, @: Group 4
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Table 1. Four groups as classified by crossability percentages of 65 wheat landraces from
Shandong Province, China with rye

Group 1 (no or very low: 0% <5%)

Hongtutou (2096) Juxian, SilengBaimai (077) Wudi, Sﬂeﬁgzibaimai (175) Tengxian, Hongxingmai
(190) Liaocheng, Hongkangliangmai (874) Jimi, Lougouding (246) Licheng, Hongtutou (859)
Boxing, HuangXiandalibanmang(12007) HuangXian, Xianmai (437) Fushan, Baipiansui (354)
Wendeng, Damangmai (368) Huangxian, Xiachongmang (410) Juancheng, Yulinbai (034) Licheng,
Hongtubailixiaomai (804) Lushan, Zijelumai (096) Jimi, Baikangyangmai (373) Jimi, Biansui
(361) Qufu, Dahongmang (104) Juancheng, Hongbanmang (288) Zhucheng, Hongmazhatou (191)
Yucheng, Baiguozitou (183)Taian, Honghuomai (280) Licheng, Toulingzi (111) Pingyin,
Banjemang (2138) Fushan, Zhuganging (878) Guanxian, Xiaobaimang (007)B i n x i a n ,
Dabaimang (078) Guangrao, Dabaimang (009) Guangrao, Hongtutouxiaomai (285) Laiyang,
Wutongmang (082) Weibei, Baitutou (265) Gaomi, Yaozhuhong (162) Shouguang, Gaoliaomai
(815) Laiwu-

Group 2 (significantly lower than CS: =5% <50%)

Dagingke (122) Tengxian, Baiguozitou (177) Taian, Tanglangzi (237) Zhangqiu, Laolaixia (107)
Changqing, Banjiemang (219) Pingyi, Ertutou (244) Rongcheng, Silengbaimai (058) Zoucheng,
Yulinbai (034) Licheng, Toulingbai (053) Licheng, Yaoguodu (232) Huantai, Baitutou (343)
Rongcheng, Honglibanmeng (211) Changyi, Honghuoméi (117) Guangrao, Hongqisiwu (414)
Linyi, Xiaoshimai (094) Yexian, Feichenghemai (153) Feicheng, Baigisiwu (404) Linyi,
Baisuihongmai (405) Cangshan, Jianmai (429) L1angsha.n, Jianmai (428) Pingyuan, Yejiling
(187) Yexian

Group. 8 (high but lower than CS: =50% <86.4)
Yangmai (233)Yucheng, Zijiebai (178) Taian, Baitutouxiaomai (275) Laiyang, Xiaobaimang
(076) Bohai Farm, Baitutou (849) Cangshan, Changmangbai (047) Yiyuan

Group 4 (same level as CS )
Xiaomangmai (143) Yexian, Mazhatouhuomal (106) Dongplng, Changmangtoulongbax
(004)Laiwu, Baitutou (210)Yixian, Chinese Spring Sichuan =

Sixty-five accessions of wheat landraces (Triticum aestivum L.) were kindly pi‘bvid'ed by Mr.
Ma Lishen of Crop Institute of Shandong Academy of Agricultural Sciences, rye (Secale cereale
L.) was used as male tester in the crosses. In each wheat material about 200 florets were
emasculated and pollinated by brush with large amount of fresh pellen of rye at the appropriate
stage of stigma receptivity at Taian farm in Shandong Province, China in 1998. The crossability
percentage was expressed in terms of the % seed-set out of the florets pollinated in each cross.
The t-test were used to detect the difference of crossability between a wheat landrace and Chinese
Spring.

Of 65 bread wheat landraces from Shandong Province, 10 showed high crossability (50%)




with rye and 4 of them had similar crossability (=86.4%) to Chinese Spring, 22 presented lower-
crossability (=5% <50%) than Chinese Spring did, and 33 landraces had no or very low crossability
(0% <5%) with rye (see Table 1). The landraces with high crossability or similar crossability to
Chinese Spring occurred widely in the province (Fig. 1).

From the investigation, we found that the geographical distribution of high crossability
landraces in Shandong Province is continuous with that in Sichuan, Shanxi, Henan, Hunan and
Hubei (Luo et al. 1992; 1998a; 1994), and no landraces had higher crossability than Chinese
Spring did, only 4 showed similar crossability to Chinese Spring in this area.
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Wheat is the staple food of the people of Pakistan and is cultivated on large area. However in the
face of ever growing population, crop production in the country is limited and could be attributed
among other factors to the forced late sowing because of delay in the harvesting of the preceding
Kharif crops e.g. rice and cotton. As a result, the grain filling period (Mid March to first week of
April) of the late sown wheat experiences higher temperature (35-45°C) as well as a longer
photoperiod. In addition the crop receives less total photosynthetically active radiant energy
than its early sown counterparts resulting in a reduction in biomass and the grain yield (Panelia
et al. 1993). The duration of grain filling period is relatively more affected than the period from
sowing to anthesis and occasionally the crop is prematurely ripened.

Besides many other factors, productivity of a crop depends on the photosynthetic efficiency
which is regulated by gaseous exchange capacity, leaf area and their chlorophyll contents (Ashraf,
Azmi et al. 1994; Ashraf, Khan et al. 1992). We, therefore, investigated the effect of three sowing
times on the leaf area and chlorophyll contents of 16 wheat genotypes.

A field experiment was conducted during 1994-1995 season, to study the effect of different
sowing times on chlorophyll contents and leaf area of six wheat genotypes. The experiment
consisted of three treatments i.e. T1 (normal, 13-11-1994), Tz (1-12-1994) and Ts (15-12-1994)
with five replications and 16 wheat genotypes. Fertilization was done @ 100 kg N/ha, 115 kg
P30s/ha and 5.8 kg K/ha and normal cultural practices were followed as and when required.
Ninety days after sowing leaf area (LI-3100 Area meter, LI-COR, inc, USA) and chlorophyll content
were determined (Arnon, 1949). At maturity grain yield per plant was determined. Analysis of
variance was applied to determine the significance of differences among the treatments and/or
genotypes. Differences compared by Duncan’s Multiple Range Test (DMRT) at 5% probability
(Steel and Torrie 1980).

Chlorophyll content in all genotypes decreased with late sowing (Fig. 1). Under normal
conditions, Mehran-89, Sarsabz form one group with the highest chlorophyll content, Soghat-90,
PN-9086, PN-9041, PN-9005, SH-9044, SI-9077, SP-89128, SH-8921, SH-8918, SI-8927 second
group and PN-9111, PN-9083, SI-90157 and SP-89126 the third group with lowest chlorophyll
content. Under T2 treatment, genotypes form four groups and PN-9005 having the highest
chlorophyll content. Under Ts conditions Sarsabz competed to all genotypes (Fig. 1 a).

Leaf area (LA) also decreased with late sowing (Fig. 1 b) but the differences between T2 and
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Ts were nonsignificant. Under normal conditions, genotype SH-8921 had the highest and SP-
89128, PN-9005 and SI-8927 had the lowest LA. Under Tz SH-8921 had the highest LA and SP-
89128, SI-9077, SH-9044 and PN-9005 had the lowest LA. But under Ts Sarsabz was on the top
and SI-9077 on the bottom of the list. Genotypic means showed that SH-8921 had greater LA
than all other genotypes.

Grain yield per plant in all genotypes was reduced due to late sowing (Fig. 1 ¢). However, the
differences between Tt and T2 are nonsignificant. Under T the highest grain yield per plant was
recorded in SH-8918 while under late sowing it lost its top position. Under Tz, Mehran had the
maximum grain yield per plant which nonsignificantly differed from Sarsabz, PN-90111, PN-
9086, SI-90157 and SP-89126. But under Ts, the maximum grain yield per plant was obtained in
PN-90111 and SH-8918 and the second group with high grain yield per plant was formed by
Sarsabz, Mehran-89, PN-9041, PN-9005, SI-9077 and SP-89128, while others remained beyond
these. Genotypic means again showed that SH-8918 had the highest grain yield per plant (Fig. 1
¢). The correlations between grain yield per plant, chlorophyll contents and leaf area were positive
but nonsignificant.

The results showed reduction in chlorophyll content (Fig. 1 a) and leaf area (Fig. 1 ¢) of plants
subjected to delayed sowing. The role of chlorophyll and leaf area in photosynthesis is well known.
Leaf'is a major plant organ where all photosynthetic activities take place, and photosynthesis is
the process by which radiant energy from the sun is converted into chemical energy necessary for
vital functions of living organisms, The reduction in leaf area and chlorophyll contents in plants
may affect the photosynthetic activity of plants adversely. The end product of photosynthesis is
utilized by man as the cereal grain the yield of which was reduced in the present experiment due
to late sowing of the crop (Fig. 1 ¢). The reduction in chlorophyll may be due to enhanced
chlorophyllase activity (Garcia et al. 1987) due to rise in temperature. But according to others
(Ashraf and Khan 1994; Ashraf, Azmi et al. 1994; and Kuroda et al. 1990) the reduction in
chlorophyll may be due to higher peroxidase activity and accumulation of some phenolic compounds
which might occur in the late sown crop due to temperature (25-85°C) favourable for them. Asa
result of reduced leaf area the crop intercepted less photosynthetically active radiant energy
resulting in reduction in the grain yield (Ashraf et al. 1989): our results supported this conclusion
(Fig. 1 c). ‘

It has been suggested that in wheat the increase in the rate of grain growth, due to higher
temperature experienced by late sown crop, does not compensate for the loss in grain yield caused
by reduced duration of grain growth (Bagga and Tandon 1991). The ideal condition would be to
develop varieties having faster rates of grain growth in a shorter period. Since the rate of grain
growth (increase in weight) is dependent on starch forming enzymes, with a narrow range of
temperatures (15-30°C) for activity, large differences in grain growth rate are not expected among
wheat varieties with similar sink size. Improvement of wheat genotypes for faster rates of grain
growth would therefore, be restricted within narrow limits. The duration of the grain amenable
growth period, on the other hand appears to be of great relevance since a number of wheat varieties
are known to maintain relatively longer durations of grain growth under increasing temperatures.
Bagga and Tandon (1991) suggested the use of medium to long duration varieties for late sowing
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Fig, 1. Variation in Chlorophyll content
(mg/g F.Wt) (), leaf area (cm?) (b)
and grain yield/plant (g) (c) of
wheat genotypes at different dates
(371 £2T2 T3 ) of sowing.

o 2, s s 0 w0  which is quite in line with the above
contention.
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Taxonomic Issues in Triticum L. and Aegilops L.

L. A. Morrison

Herbarium, Department of Botany and Plant pathology, Oregon State University,
Corvallis, OR 97331-2092, USA. E-mail: alura@peak. org

In two recent issues of WIS, Yen et al. (No. 84:56-59) and Gupta (No. 85: 52-55) discussed
nomenclatural and classification problems in the wheat complex. Yen et al. reviewed the
nomenclature of the wild diploid D-genome species, establishing that the name is Aegilops tauschii
Coss. or Triticum tauschii (Cosson) Schmalh., depending on the classification followed. Gupta
recommended that the illegitimate name Ae, squarrosa L. be conserved to avoid further confusion
given its popular usage among wheat researchers. Using this nomenclatural issue as a launching
point, Gupta also discussed the problems of wheat taxonomy, particularly those resulting from
Bowden's (1959) lumping of Aegilops into Triticum. He also recommended that a taxonomy
workshop be held at the 9th International Wheat Genetics Symposium (IWGS) in Saskatoon,
Canada (August 2-7, 1998). I have several comments to offer on the issues raised in each of these
articles.

Nomenclature and Classification

When Bowden revised the classification of the wheats, he argued that "a correct nomenclature"
required him to lump Aegilops into an enlarged genus Triticum. As I have pointed out elsewhere
(Morrison, 19983, 1994), Bowden's argument is flawed because the rules of the International Code
of Botanical Nomenclature (ICBN: Greuter, 1994) govern only the naming of taxonomic entities,
playing no role in the construction of classifications. In short, Bowden's decision for an emended
Triticum was based on his own assessment of how to show evolutionary relationships (via
hybridization) within a taxonomic treatment of the wheats. This very important procedural
point is relevant to the debate over the names, Ae. tauschii versus Ae. squarrosa. o
Nomenclature for the D-genome species has a long, complicated history as discussed by Yen
et al. (1997) and also by Slageren (1994). I will review several facts as they relate to Gupta's
cohservation proposal. The name Ae. squarrosa L. (Linnaeus, 1753) was originally associated
with a Linnaean specimen of Ae. triuncialis which Linnaeus had labeled "3 squarrosa". Although
in disagreement with the original Linnaean concept, the name Ae. squarrosa did become associated
with the D-genome spvecievs. In 1850, Cosson corrected the nomenclature by introducing the name
Ae. tauschii. Due to mistakes of other botanists, usage of the name Ae. squarrosa for the D-
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genome species continued into this century. In his emendment of Triticum, Bowden (1959) adopted
an early Triticum concept of the species and accordingly used the name 7. aegilops P. Beauv. ex
Roem. & Shult. Upon discovering that the name T. aegilops was based on the misidentified
Linnaean specimen of Ae. triuncialis (= T. triunciale), Bowden (1966) changed the name to 7.
tauschii (Coss.) Schmalh. Revisions to Bowden's treatment by Morris and Sears (1967), Kimber
and Sears (1987), and Kimber and Feldman (1987) have maintained the name 7. tauschii, which
a review of the genetic literature will show is now in commeon use. The name Ae. squarrosa
persists among researchers who ignore the current monographs of Aegilops by Hammer (1980a,b)
and Slageren (1994), choosing instead to follow the outdated classifications of Zhukovsky (1928)
and Eig (1929), or other genetic and germplasm-oriented treatments with nomenclatural errors
such as those of Kihara (1954), Chennaveeraiah (1960), and the IBPGR (now IPGRI) Wheat
Programme identification guide authored by J.R. Witcombe (1983).

The name issue is not yet settled. According to Slageren (1994), the diploid D-genome species
in Triticum is, as originally proposed by Bowden, 7' aegilops. Here, Slageren gives priority to the
epithet aegilops which predates fauschii. Because a species name cannot repeat the name of the
genus, Aegilops aegilops is not allowed. The next available name must be selected, i.e., Ae. tauschii.
Thus, following Slageren, there are two legitimate names for the D-genome species, T. aegilops
-and Ae. tauschii. It is doubtful that wheat researchers, who use the genomic classification of
Triticum sensu Bowden, will drop the name T. tauschii for T. aegilops. This and other
nomenclatural problems should be addressed by a monographic revision of Triticum as already
recommended by the 1st IWGS Taxonomy Workshop (see below). Until a revision project is
underway, the easiest remedy for maintaining some degree of nomenclatural consistency is for
researchers to abandon the enlarged Triticum classification concept, which is filled with
nomenclatural errors, and return to the traditional concepts of Triticum and Aegilops as separate
genera. For Aegilops, the nomenclatural issues are mostly resolved and two current classifications
are available. Slageren's move of Ae. mutica into the monotypic genus Amblyopyriip may cause
some researchers to prefer Hammer's classification. Unfortunately, there is no agreement on
how to classify Triticum sensu stricto. The wide disparity between the genomic treatment of Mac
Key (1966) and the morphological treatment of Dorofeev and Migushova (1979) exemplifies the
problematic complexities of handling a genus with domesticated taxa. Reaching a consensus will
require a collaborative effort supervised under the banner of an international revision project
which can deal directly and expertly with the classification controversy as well as with difficult
nomenclatural issues. '

In my opinion, a formal proposal under Art. 14 of the ICBN to conserve Ae. squarrosa is ill-
advised. In support of his recommendation, Gupta argues that usage of the "popular, though
illegitimate name" Ae. squarrosa has declined due to Bowden's introduction of the name T tauschii.
This reasoning confuses issues of nomenclature with those of classification. As pointed out by
Yen et al. (1997), nomenclatural rules establish both the legitimacy and priority of the name Ae.
tauschii. These rules operate independent of classification, whether the issue is an enlarged
Triticum sensu Bowden or any other conceptual treatment approach taken by the various
researchers and botanists who have dealt with Triticum and Aegilops. Despite Gupta's claims to
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the contrary, the name Ae. tauschii has an established historical precedence which will be difficult
to challenge in a conservation proposal. The argument that Ae. tauschii will cause a "futile" and
"disadvantageous nomenclatural change" does not account for the recent monographic work of
Hammer (1980a,b) and Slageren (1994) and ignores current use of Ae. tauschii by wheat researchers
and botanists. A conservation proposal of Ae. squarrosa against Ae. tauschii is sure to fail because
stability of the nomenclature for this species is not threatened (see ICBN, Art. 14.2).

2nd IWGS Taxonomy Workshop

Regarding Gupta's call for a workshop, I would like to invite those members of the wheat research
community who have an interest in the taxonomy of the wheats to participate in the 2nd IWGS
Taxonomy Workshop with discussions initiated in 1993 at the 1st IWGS taxonomy workshop.
The report of the 1993 workshop, which was not included in the 8th IWGS Proceedings volume, is
presented in the following section. J.G. Waines (University of California, Riverside) and I will co-
chair the 2nd IWGS taxonomy workshop. In addition to the issues of nomenclature and
classification, this workshop will consider a recommendation to accept the recent Slageren
monograph of Aegilops L. (1994) as a first step towards an overall monographic revision of wheat
taxonomy.

1st IWGS Taxonomy Workshop Report

The 1st IWGS Taxonomy Workshop committee consisted of A.B. Damania, formerly ICARDA; M.
Feldman, Weizmann Institute of Science; T.E. Miller, John Innes Centre; L.A. Morrison, Oregon
State University, and J.G. Waines, University of California, Riverside. o

The workshop noted that the state of classification and nomenclature of the genust ritic un?
is such that they do not well serve the research community who need to use them. -

There is confusion in the research community about the circumscription of the genus Triticum,
whether it is Tth},éum L. defined narrowly, or Triticum L. emend. defined broadly to include
Triticum and Aegilops.

There is confusion about the number of species in the genus Triticum.

There is confusion about the correct names of the species.

There is confusion about the status and nomenclature of the subspecies and botanical varieties.

There is confusion about how to classify the domesticated varieties and varietal groups.

There is a lack of workable keys and descriptions that many different people, such as botanists,
geneticists, agronomists, and lay persons, can use.

The present state of taxonomy and nomenclature in Triticum is confusing for people who
collect germplasm, for people who maintain genebanks, and for wheat breeders and geneticists
who use the seed held by these genebanks.

The workshop agreed that this situation needs to be rectified.

The workshop committee proposed that there should be a monographic revision of the genus
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Triticum, and that a professionally-trained taxonomist be asked to do this revision. The workshop
recognized that there would be a need to attract eutside funding to finance this revision which,
because of the magnitude of the task, would take several years. The revision might necessitate
consultation among interested taxonomists familiar with Russian, German, English, and French,
even though there should be one person who would direct the project. There may be a need to
consult experimental taxonomists about the significance of genetic differences among domesticated
and wild forms.

Monographic Revision Project

These nomenclatural discussions in WIS illustrate the pressing need to resolve the complicated
issues of Triticum taxonomy. It is timely that the 2nd IWGS Workshop will take place this year.
The workshop will primarily focus on establishing guidelines for setting up a monographic revision
project. Interested researchers who are unable to attend the workshop can forward their comments
and suggestions directly to me. ;
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Catalogue of gene symbols for wheat: 1998 Supplement

R.A. McIntosh?, G.E. Hart?, K.M. Devos?, J. Rogers* and M.D. Gale®

'Plant Breeding Institute, The University of Sydney, 107 Cobbitty Rd., Cobbitty, N.S.W., Australia, 2570

“Department of Soil & Crop Sciences, Texas A&M University, College Station, Texas, USA, 77848

®John Innes Centre, Norwich Research Park, Colney, Norwich, Norfolk, NR4 TUH, UK

‘Catedra de Genetica y Fitotecnia, Universidad Nacional del Centro de la Provincia de Buenos Aires, (7800)
Azul, Argentina

The mosat recent edition of the Catalogue (9441) appears in the Proceedings of the 8th International Wheat
Genetics Symposium held in Beijing, China, 1993, pp. 1338-1500. Revised Guidelines for Nomenclature of
Biochemical/Molecular Loci (including QTLs) in Wheat and Related Species were included with the 1994
Supplement. Further proposals were included in the 1995 and 1996 Supplements.

This Supplement has been offered to the editors of Annual Wheat Newsletter and Wheat Information
Service for inclusion in the respective journals.

As the Catalogue evolves, the co-ordinators de not always revise past entries. Researchers and readers
are encouraged to advise updatings and errors to make the Catalogue more useful to others.

Revisions of and additions to 'Summary Table 1' of the 1995 Catalogue
of Gene Symbols for Wheat:

Revise title of table to
‘Symbols for wheat loci, including loci of known function, loci detected with 'known-
function' DNA clones, and loci detected by PCR-amplification of DNA using primers'.

Symbol Character
Add:
ACCc sets Acetyl CoA carboxylase - cystolic form
ACCp sets Acetyl CoA carboxylase - plastid form
Chr Hybrid chlorosis Type 1 gene in rye
GluTR set Glutamyl-tRNA reductase
Mtase set DNA (cytosine-5)-methyltransferase
Pina Puroindoline a
Pinb Puroindoline b
Rep set DNA replication regulating gene
sc Seedling chlorosis
scs Nuclear-cytoplasmic compatability enhancer
Tria set Pollen allergen encoding gene
Vgw Temperature-sensitive winter variegation
Vi Restorer for cytoplasmic male sterility,
T. longissimum cytoplasm
Wes Wheat cold-specific genes
Revise;
X Basic symbol for DNA markers of unknown
function :

Revision of 'Summary Table 2'

Add footnote ¢ to 7DS:
¢ 7DS is cytogenetically the longer arm {9841}.

Additions to Laboratory Designators list
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cre

mgb

ndsu

ucg

Procunier, J.D.

Cereal Research Centre
Agriculture and Agri-Food Canada
195 Dafoe Road

Winnipeg, MB R3T 2M9

Canada

Borner, A.

Institut fuer Pflanzengenetik und
Kulturpflanzenforschung (IPK)

Corrensstr. 3

06466 Gatersleben

FRG

Blanco, A

Institute of Plant Breeding
University of Bari

via Amendola 165/A
1-70126

Bari, Italy

Anderson, J A.

USDA-ARS Wheat Genetics
P.O. Box 646420

Washington State University
Pullman, WA 99164-6420 USA

Hasselkorn, R.

Department of Molecular Genetics
and Cell Biology

University of Chicago

‘ Chicago, Illinois 60637 USA

Aluminium tolerance
Altl {9869}.
altl {9869}.

gwm

kuj

mia &
mid

sfr&
sfrp

wpg

Roder, ML.S.

‘Institut fuer Pflanzengenetik und

Kulturpflanzenforschung (IPK)
Corrensstr. 3
06466 Gatersleben
FRG

Mori, Naoki

Laboratory of Plant Genetics
Faculty of Agriculture

Kobe University

1 Rokkodai-cho

Nada-ku

Kobe 657

Japan

Joudrier, P.
Unite de Biochimie et de
Biology Moleculaire

2, Place Pierre Viala
34060 Montpellier Cedex 01
France

Keller, B.

Institute of Plant Biology
University of Zurich
Zollikerstrasse 107
CH-8008

Zurich, Switzerland

Feldman, M.

Department of Plant Genetics
Weizmann Institute of Science
Rehovot 76100

Israel

v: ET3 = Carazinho/4*Egret
{9869}.

v: ES3 = Carazinho/4*Egret
{9869}.

Alt2 » Change the reference for the synonym 'Altgy; 'to {9835} and revise the previous -
Alt2 'ma:’ entry to, 'Alt2 - 1.1 cM - Xbed1230-4D {9835}.

Anthocyanin Pigmentation

3. Red/purple coleoptiles
Revise the previous Rc3 'ma:' entry to 'Rc3 (distal) - 3 ¢cM - Xpsr] 08 7D {140}.

4.

edc

Revise t%]e previous Pcl 'ma: entry to 'Pc (proximal) - 5.7 ¢cM- Xpsr490(Ss1)-7B
{9739}<

Blue Aleurone



The Ba allele in T. monococcum spp. aegilopoides acc. G3116 determines a half-blue
seed phenotype and is different from the allele present in Elytrigia pontica {96119} that
determines a solid-blue seed phenotype. They are treated as different genes.

Bal {461}, [Ba {461}]. Derived from Elytrigia pontica (2n=70). 4B [4BS-4el2
{461}1. tr: UC66049B {425},

Ba2. 4A™L {96119}3. dv: G3116 {96119}. ma: Ba2 cosegregated with
Xcdol387-4A, Xmwg677-4A and Xbcd1092-4A {96119}.

For review see {1210}.
Crossability with Rye, Hordeum and Aegilops spp.

Add {9848} to 'The kr genes influence crossability with H. vuigare.'
List of crossabilities {9801}.

DNA Markers

In the preamble, followmg 'v', substitute "Designates loci detected by hybndlzatlon with
DNA clones whose sequences are largely homologous with known genes in the EMBL
database {9754}." for ‘Designates loci whose functions were identified through
homology with known genes in the EMBL database {9754}." Also, in the statement
entitled 'STS’s from RFLP clones:', revise the second sentence to 'The convention
adopted.is to add a p’ to the laboratory designator.'

Revise all previously-listed 'WMS' primer desigations by inserting an open space
immediately after the basic symbol, e.g, change "'WMS30F/WMS30R' to 'WMS
30F/WMS 30R'.

Temporary DNA-marker designations are identified with an asterisk (*).

Replace Xwms' with ’ngm throughout the DNA Markers section.

Group 1S '
Add:
Xbcd98-1B,D {98139}. BCD98. (1A,
7A,D).
Xcdo534-1B.1,.2 {98139}. SRR
[cdo534a,b {98139}]. CDO0534. (6A,
6D, 7A). . C :
Xfba8-1D {98105 } . FBAOQOS. (24,
3B, 4B, . . - BA,
7D)
Xfba26-1A [{98105}] [bea26b 1A {98105}1. - FBA026. .- .(6D).
Xfba250-1D {98105}. FBA250. L
Xfba285-1A [{98105}]. FBA285.
Xfba298-1A {98105}. FBA298.:
Xfba299-1A {98105}. FBA299.
Xfba383-1D [{98105}]. [bea383a 1D {98105}]. FBA383.
Xfba393-1A [{98105}]. .. FBA393.
(5B,D).

Xfbb196-1A,D [{98105})
[Xfbb196b-1A, :
Xfbb196a-1D {98105})].  FBB196.
Xfbb234-1B {98105}. FBB234.
Xfbb250-1D [{98105}]. [Xfbb250a-1D {98105})].  FBB250. .
Xfbb260-1B,D [{98105}].
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[Xfbb260a-1B, Xfbb260b-1D {98105}].

FBB260.

Xglk558-1D {594,98105}. pTag558.

(2B,D).
Note: The arm location of Xglk558-1D was not reported in {594}
Xgwml06-1D [{98119}]. WMS 106F/WMS 106R.
Xgwml64-1A [{98119}]. WMS 164F/WMS 164R.
XksuD14-1B.1,.2,.3{98139}.

[ksudl4a,b,c {981391]. pTtksuD14.
Xmtal4(Gli-1) {98105}. o MTA14 {98129].

Xmtd161-1B,D [{98105}].
[Xmtd161a-1B, Xmtd161b-1D {98105}].
MTD161 {98129}.

Xmwg36-1A,B,D {98139}. MWG?36.
XNor9 {98134}3. [Nor9 {98134}]. pTa7l.
XpsrX-1A,B,D {98140}. PSRX.
Xsfrl(Lrkl10)-1A [{98102}].

[Lrk10 {98102}]. Lrk10.

Xsfrpl(Lrk10)-1A [{98106}].
- [STSLrk10-6 {98106}]. ~ Lrk10D1/Lrk10D2.

Xutvl0(Glu-3)-1B [{98150}]. UTV7F/UTVI10R.
Xutvl7(Glu-3)-1B [{98151}]. UTV17F/UTV7R.
Revise:

Xbcd98-1A.2; delete 'SA' and add '1B,D, 7A' to the last column.

Xbcd1434; add '-1B {98139}, [{98105}]’ in the first column, [bcd]434 {98139}
Xbedi1434b-1B {98105}, in the second column and '(2B)' in the 1ast column.

Xcdo99; add '-1B {98105} in the first column.

Xcdo618-1B {9666}; add 'Xcdo618-1A,D {98139} in the ﬁrst column

Xcdo658-1A {9668}3.5; add 'Xcdo658-1B,D {98139} in the first column.
Xedoll73-1A {9668}35 1B {9666}1; add 'Xcdol173- ID {98139}1' in the first
column.

Xcdol188-1A {9668}33; add 'Xcdo1188-1B,D {98139} I"in the ﬁrst column..
Xgwm30; add '(2D)" in the last column.

XksuE19-1B,D; add '-1A [{98105}1,{98139}" in the first column and [stuEl% IA
{98105}).' in the second column. :

XksuF42-1B.1,.2.; add 'XksuF43- IAD {98139} in the ﬁrst column., .
Xwg789-1A {9668}5 ID {9666}4; add 'Xwg789-1B {98139}1" in the first column.

Group 1L

Xbcd310-1B {98139} BCD310. (7B).
Xcdo844-1A {98139}. [cdo844 {981391]. CDO0844.

Xemwg649 {98154}2. cMWG649 {96109},  (2A).r -
Xcmwg701-1A .1,.2 {98154}2, MWG701 {96109} (5A).°

bea34 1B.1,.2 [{98105}].
[Xfba34a-1B, Xfba34b-1B {98105}]

FBAO34.
Xfba92-1A {98105}. FBA092.
Xfbal77-1B [{98105}]. [Xfbal77a-1B {98105}]. FBA177.
(5A4B,D).
Xfbal78-1B [{98105}]:. [Xfbal78b-1B {98105}]. FBA178. ) (ZA).

Xfba234-1A {98105}. FBA234. - (6A.,
TA). o
Xfba266-1A.1,.2 [{98105}].
[bea266a 1A, Xfba266b-1A {98105}).
FBA266.

o



Xfba309-1B [{98105}]. FBA309.
Xfba316-1A {98105}. FBA316.
Xfbb35-1B {98105}, ) FBB03S5.
Xfbb180-1B [{98105}]. [Xfbb180a-1B {98105)}].  FBBI18O.
Xfbb255-1A,B [{98105}].

[Xfbb255¢c-1A, Xfbb255a-1B {98105}].

FBB255. (4B,
6A).
Xglkl63-1B {594, 98139}. pTagl63.
The arm location of Xglk163-1B was not reported in {594}.
Xglk431-1B {98105}. pTagd3l {594}. (2D,
4B).
Xgwmli35-1A [{98119}]. WMS 135F/WMS 135R.
Xgwm337-1D [{98119}]. - WMS 337F/WMS 337R.
XksuAl-1B [{98105}]. [XksuAlc-1B {98105}]. pTtksuAl {309}. (5B,
7D).
Xmtal7(Glu-1) {98105}. MTA17 {98129}.
Revise:

Xabcl60-1A {9668}; add 'Xabcl160-1B,D {98139} in the first column.
Xabg387-1A.1,.2 {96119}3; add 'Xabg387-1B,D {98139}!"in the first column.
Xbcd207; add '(SA)' in the last column.

Xbcd265-1A; add 'Xbcd265-1B,D {98139}!" in the first column.

Xbcd304-1A {9668}5; 1B {9666}1; add 'Xbcd304-1D {98139} in the first column.
Xbcd386-1A {9668)5; 1B {9666}!; add 'Xbcd386-1D {98139}!" in the first column.
Xbcd738-1A {9668)5; add 'Xbed738-1B {98139}1 in the first column.

Xbcd921; add 'Xbcd921-1D {98139} in the first column.

Xbed1562-1B; add 'Xbed1562-1D {98139} in the first column.
Xcsd19(Adh)-1A,B,D; change to 'Xcsc19(Adh)-1A,B,D .

Xcdo393; add '-1B {98105} in the first column.

Xcdo572-1A {9668)33; add 'Xcdo572-1B,D {98139}!' in the first column.
Xglkl163; add '-1B {98105}' in the first column.

Xglk558; add 'Xglk558-1B {98139} in the first column and '[tag588 {98139}." in the
second column.

XksuE3; add '(2B, 3AL, 3BS, 6AS, 6DL) and delete '(3A, 6A)' in the last column.
XksuEl1l; add 'XksuEl1-1D {98139} in the first column.

XksuG30; add '(3B, 5A)' in the last column.

XksuH14-1A; add 'XksuHI14-1B,D {98139} in the first column.

Xmwg710-1A [{9668}]!:3; add Xmwg710-1B,D {98139}!' in the first column.
Xwg241; add 'Xwg241-1B {98139} in the first column.

lezg605-1A {96661}1,{9668}5, 1B {9666}!; add 'Xwg605-1D {98139}!" in the first
column.

Group 1

Note:

The following markers was moved to 18.
Xglk558

The following marker was moved to 1L.
Xglkl163-1B

Add:
Xgwm232-1D [{98119}]. WMS 232F/WMS 232R.

Xipk2(Rep)-1A,B,D [{98101}].
[XRep {98101}]. Rep.

Revise:
Xglk549; add '-1A {98125} in the first column and '(7A,D)" in the last columnn.
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Group 28
Add:
Xbcd1434-2B [{98105}].

[Xbcd1434a-2B {98105}].
(1A,B,D).

Xfbb75-2B.1 {9652}[{98105}].

[Xfob75b-2B {98105}].
(2BL).

BCD1434 {96124}.

FBBO7S.

The arm location of Xfbb75-2B was not reported in {9652}.

Xfbb171-2B {98105).
Xfob185-2B {98105}.

Xfbb353-2A {9652}, -2B {98105}.
The arm location of Xfbb353-2A was not reported in {9652}.

Xgwm55-2B {98121},

Xgwm71-2A.1 [{98121}].

[gwm71a {98121}].

Xgwm71-2A.2 [{98121}].

Xgwml02-2D {98121}.
Xgwmi129-2B {98121}.
Xegwml48-2B {98121}.
Xgwm210-2D {98121}.
Xgwm249-2D {98121}.
Xgwm257-2B {98121}.
Xgwm261-2D {98118}.

[gwm71b {98121}].

Xgwm296-2A,D [{98121}].

Xgwm319-2B {98121}.
Xgwm339-2A {98121}.
Xgwm372-2A {98121}.
Xgwm374-2B {98121}.
Xgwm410-2B [98121}.
Xgwmd25-2A {98121},
Xewm429-2B {98121}.
Xgwm455-2D {98121}.
Xgwm484-2D {98121},
Xgwm512-2A {98121},
Xgwm515-2D {98121},

Xgwm636-2A {98121}.
Xgwm95-2A [{98119}].

Xgwml148-2B [{98119}].
Xgwm261-2D [{98119}].

Revise:

[gwm296a,b {98121}].

Xfba65; add '(5B)' in the last column.

Xfba83; add '-2B {98105} in the first column.
Xfba88; add '-2A {98105} in the first column.
Xfbal78; add '(1B)' in the last column.
Xfbb61; add '(6B) in the last column.
Xfbb62-2B; delete reference '9641'".

XksuD18; add '-2B {98105} in the first column, and add '(7B)' in the last column.

Group 2L

Add:

Xcdo770-2A {98105}.
Xcrc4-2B {98131}.
Xfba71-2A [{98105}].

[Xcred.2 {98131}].

[Xfba71b-2A {98105}].
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FBB171.
FBB18S5.
FBB353.
WMS 55F/'WMS 55R.
WMS 71F/WMS 71R.

WMS 71IF/WMS 71R.

WMS 102F/WMS 102R.
WMS 129F/WMS 129R.
WMS 148F/WMS 148R.
WMS 210F/WMS 210R.
WMS 249F/WMS 249R.
WMS 257F/WMS 257R.
WMS 261F/WMS 261R.

WMS 296F/WMS 296R.
WMS 319F/WMS 319R.
WMS 339F/WMS 339R.
WMS 372F/WMS 372R.
WMS 374F/WMS 374R.
WMS 410E/WMS 410R.
WMS 425F/WMS 425R.
WMS 429F/WMS 429R.
WMS 455F/WMS 455R.
WMS 484F/WMS 484R.
WMS 512F/WMS 512R.
WMS 515F/WMS 515R.
WMS 636F/WMS 636R.

WMS 95F/WMS 95R.

WMS 148F/WMS 148R.
WMS 261F/WMS 261R.

CDO770 {96124).
CRC4F/CRCA4R.
FBAO71.

(3B).
(3A).

(7A).



Xfbb75-2B.2 [{98105}].

[Xfbb75a-2B {98105}]. FBBO75.

(2BS).
Xfbb278-2B [{98105}]. [Xfbb278a-2B (98105}].  FBB27S. (TA).
Xfbb324-2B [{98105}]. [Xfbb324a-2B {98105}].  FBB324. (3D,

7B).
Xglk554-2A {594,98105},B {594}.

[Xglk554a,c {594}]. pTag554. (5B).
The arm locations of Xglk554-2A,B were not reported in {594}.
Xglk594-2A [{98105}],2B {594}[{98105}].

[Xglk594a-2A, Xglk594b-2B {98105}].

pTag594.

The arm location of Xglk594-2B was not reported in {594}.
Xgwml6-2B {98121}. WMS 16F/WMS 16R.
Xgwm47-2B {9736,98121}. WMS 47F/WMS 47R.
Xgwm55-2B {98121}. WMS SSE/WMS 55R.
Xgwmli20-2B [{98119}]. WMS 120F/WMS 120R.
Xgwml57-2D [{981191}]. WMS 157F/WMS 157R.
Xgwm189-2B [{98119}]. WMS 189F/WMS 189R.
Xgwml91-2B {98121}. WMS 191F/WMS 191R.

Xgwm265-2A {98121}, WMS 265E/WMS 265R.
Xgwm294-2A [{98119}]. WMS 294F/WMS 294R.
Xgwm301-2D {98121}. WMS 301F/WMS 310R.
Xgwm312-2A {98121}. WMS 312F/WMS 312R.
Xgwm328-2A {98121}. WMS 328F/WMS 328R.
Xgwm349-2D {98121}. WMS 349F/WMS 349R.
Xgwm356-2A {98121}. WMS 356F/WMS 356R.

Xgwm382-2A,D {98121}. WMS 382F/WMS 382R.

Xgwm388-2B {98121},

Xgwm445-2A {98121}, WMS 445F/WMS 445R.
Xgwm501-2B {98121}. WMS 501F/WMS 501R.
Xgwm526-2B {98121}. WMS 526F/WMS 526R.
Xgwm539-2D {98121}, WMS 539F/WMS 539R.
Xgwm558-2A {98121}. WMS 558F/WMS 558R.

Xg wm608 2D {98121}. .

ngm6]9 2B {98121}.

WMS 388F/WMS 388R.

WMS 608F/WMS 608R.

WMS 619F/WMS 619R.

Revise:

Xabc153-2A7 add '2B.1, .2 {98131} in the first column and add [Xcrc153 2B.1,
Xcrcl53- 2B, 2{98131}] in second column

Xcmwg649—2A add '(1A)."in the last column.

Xfba8; add '(1D)" in the last column.

Xfba62-2B; delete teference '0641",

Xfba359; add '(5A)' in the last column.

XksuD22; add '-2B {98105} in the first column.

XksuE3; add '-2B [{98105}] in the first column, add '[XksuE3c-2B {98105}].' in the
second column, add '(3AL, 3BS, 6AS, 6DL)' 1n the last column and delete’ (3A 6A) in ‘
the last column. .
XksuF2; add (7B) in the last column.
XksuF43; add '1B,D' in the last column. _
XksuG30; add '(3B 5A) in the last column. ' o
Xfba61; add '-2A [{98105}]' in the first column and [bea61a 2A {98105}). in the *
second column.

Xfba62; add "-2A [{98105}] in the first column and '[Xfba62a-2A {98105}]." in the .

second column.
Xfba64; add '-2A,B [{98105}]' in the first column and [bea64a ZA Xﬂ)a64b 2B
{98105}]." in the second column. '
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bea209-2D.1; add -2B.1 [{98105}]' in the first column and '[Xfba209a-2B
{98105}1." in the second column,

Xfba209-2D.2; add '-2A, B.2 [{98105}]' in the first column and '[Xfba209b-2A,
Xfba209c-2B {98105}] in the second column.

Xfba3l4; add '-2B [{98105}]' in the first column and [bea314a-ZB {98105}]." in the
second column. .

Xfba345; add '-2A [{98105}]' in the first column and '[Xfba345b-2A {98105}]." in the
second column.

Xgwm30; add '(1A)' in the last column.

XksuF1; add '-2B [{98105}]' in the first column and '[XksuF1b-2b {98105}].' in the
second column.,

Xwg645; add '-2B [{98105}]' in the first column and '[Xwg645a-2B {98105}]." in the
second column.

Group 2

Note: The following markers were moved to the 2S group
Xfbb75, Xfbb353

Note: The following markers were moved to the 2L group.
Xglk554, Xglk594, Xgwm47

Add: .

Xglk370-2B {594},2D {98125}, pTag370. T (4A).
Xglk744-2A,B,D {98125}. pTag744 {98126} (6B).
Xkuj64-2A,B,D {98125}. pTac64 {98127 }
Xucgl(ACCp}-2A,2B,2D {9847}. UCG1 {9847}.

Revise:

Xglk407; add '(SA)' in the last column,
Xglk431 add '(1B)' in the last column.
Xglk653; add '-2D {98125 }' in the first column.
stuF36 add '(4A)' in the last column.
XksuG49; add '(4A, 6A) in the last column.

Group 3
Add: ‘
Xfbal89-3B [{98105}]. [bea]89b 3B {98105}]. FBA189.

Xfbb156-3B [{98105}]. -

[Xfbb156a-3B {98105}]. ' FBBI156. X
(3BL, 5D, T -

' ' o ‘ 6B,

74).
Xglk538-3B,D.1 [{98105}].

[Xglk538a-3B Xglk538b-3D {98105}1. - -

. .. pTag538 {594}

Xglk538-3D.2 [{98105}]. .
: [Xglk538¢-3D {98105}]. pTag538 {594}, .

Xgwml61-3D [{98119}], | . WMS 161F/WMS 161R.

Xgwm218-3A [{98119}]. WMS 218F/WMS 218R.

XksuE3-3B [{98105}]. " [XksuE3b-3B {98105}].  pTtksuE3 {309}. (1A, .

2A,B.D, : .

3AL,4A, 6AS, )

6DL, .

7A,D). k

XksuG30-3B [{98105}] L :

2D 4n [XksuG30a-3B {98105}].  pTtksuG30 {309}. (1A,
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5A,
6A,B). ,
Xmtd120-3D [{98105}] MTD120 {98129}

Revise: _

Xbcdl5; add '(4B)' in the last column.
Xfbal27; add '(6B)' in the last column.
Xfbb24; add '(4B)' in the last column.
Xfbb185; add '(2B)' in the last column.
XksuE2; add '(5A)' in the last column.

Group 3L
Add:
Xbcd358-3A {98105}, BCD358 {96124}.
Xcdoll3-3A {98105}. CDO113 {96124]}.
Xfbal89-3B [{98105}]. [%(jba189a-_3B {981051}1. FBA189.

(3BS).
Xgwm52-3D [{98119}]. WMS 52F/WMS 52R.
Xegwml108-3B [{98119}]. WMS 108F/WMS 108R.
Xgwm340-3B [{98119}]. WMS 340F/WMS 340R.
Revise:

Xabg387; add 'IB,D' in the last column.

Xfba8; add'(1D) in the last column.

Xfba213; add '-3D {98105}" in the first column.

Xfba214; add -3D {98105} in the first column.

Xfba242; add '-3A {98105} in the first column.

Xfbbl56; add '(3BS, 6B)' in the last column.

Xfbb353; add '(2B)' in the last column.

XksuE2; add '(SA)' in the last column.

XksuE3; add '(2B, 3BS, 6AS, 6DL)' and delete '(6A) in the last column.

Group 3

Add:

Xgwml44-3B [{98119}]. WMS 144F/WMS 144R.
Xkuj72-3B,D {98125}. pTac72 {98127}.
Revise:

Xfbb324; add '(2B,7B)' in the last column.

Xglk221; add '-3D {98125} in the first column.

Xglk577; add '-3B,D {98125}' in the first column. -

Xucg(ACCc)-3A,3B,3D.1,.2,.3 {9846}. Clone name not stated in {9846}.

Gggup 4S (4AL:4BS:4DS)

Add:

Xglk556-4B {594,98105}. pTagSs6.

Note: The arm location of Xglk556-4B was not reported in {594}.

Xgwml165-4B [{98119})]. WMS 165F/WMS 165R.
Xgwm160-4A [{98119}]. WMS 160F/WMS 160R.
Xwg909-4B {98105}. WG909 {96124}
Revise:

Xabg387; add '1B,D' in the last column.

Xbcd265; add '1B,D' in the last column.

Xfba8; add '(1D, 6A, 7D)' in the last column.

XksuE3; add '(2B, 3AL, 3BS, 6AS, 6DL)' and delete '(3A, 6A)' in the last column.
XksuG12; add '(6B)' in the last column.

Xmwg634; add '-4B {98117} in the first column.
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Group 4L (4AS:4BL:4DL)
Add:

Xfbal37-4A {98105}. FBA137. (5D).
Xfbb120-4A {98105). FBB120.
Xfbb248-4A {98105). FBB248.

Xgwml49-4B {98117}.
Xgwml65-4D {98117}.
Xgwm375-4B [{98119}].

WMS 149F/WMS 149R.
WMS 165F/WMS 165R.
WMS 375F/WMS 375R.

Note: The following markers were moved to the SAL:4BL:4DL group

Xfba4l.

4Am],
Revise:

XksuG30; add '(3B, 5A) in the last column.

Group 5AL:4BL:4DL
Add:

Xfbal-4B {98105}. FBAOOL. (6D).
Xfbb24-4B [{98105}]. [Xfbb24b-4B {98105}].  FBBO24. (3B).
Xfbad1-4B {9657,98105). FBAO41.
Xgwml179-5A,4D {9839). WMS 179F/WMS 179R.
Xgwm291-5A {9839}. WMS 291F/WMS 291R.
Xgwm410-5A {9839}. WMS 410F/WMS 410R.
Xmwg616-5A {9839}. MWG616 {96109).
XipkI(Tria)-4B, 4D, 5A [{98101}].
- [XTria {98101}]. Tri a III {98103}.

XksuG30-5A [{98105}].

[XksuG30b-5A {98105}].  pTtksuG30 {309}. (1A,
2D, 3B,

4A,

6A,B).

Revise:

Xbcdl5; add '-4B [{98105}]' in the first column and '[Xbcd15a-4B {98105}]." in the
second column. ,
Xfbal77; add '-5A [{98105}]' in the first column, '[Xfbal77b-5A {98105}].’ in the
second column, and '(1B)' in the last column.

Xfbb255; add '(1A,B, 6A)' in the last column.

XksuFE2; add '-5A {98105} in the first column.

Group 4
Add:

Xglk575-4B,D {98125).
Xgwm149-4B [{9839}].
Xgwm198-4A [{98119}].

pTag575 {98126).
WMS 149F/WMS 149R.
WMS 198F/WMS 198R.

Revise:

Xfba43; add '(SA) in the last column.

Xfba359; add '(5A)' in the last column.
Xglk370; add '(2D)' in the last column.
Xglk431; add '(1B) in the last column
Xglk694; add '-4D {98125} in the first column.
XksuD18; add (2B, 7B)' in the last column.
XksuF43;add '1B,D' in the last column.

Group 58



Add:

Xbcd207-5A {98105}. BCD207 {96124]}. (1A).
Xfbb238-5B {98105},5D {9657}. FBB238. (7A).
Note: The arm location of Xfbb238-5D was not reported in {9657}.

Xglk407-5A {98105}. pTagd07 {594} (2B).
Xglk424 5A {594,98105}. pTag424.

Note : the arm location of Xglk424-5A was not reported in {594}.

Xgwm129-5A [{98119}]. WMS 129F/WMS 129R.
Xgwm234-5B [{98119}]. WMS 234F/WMS 234R.
Xgwm304-5A [{98119}]. WMS 304F/WMS 304R.
Xmtd116-5B {98105}. MTD116 {98129}.

Revise:

Xfba342; add '-2A {98105}’ in the first column.
Xfba393; add '(1A)' in the last column.
XksuA3; add '(7B)' in the last column.

XNor 10 {98134}3, [Norl0 {98134}]. pTa7l.
Group SL
Add: .
Xfba43-5A {98105}. FBAO43. (4A).
Xfba65-5B {98105}. FBAOG6S. (2D,
4A, 6A, :

7A).
Xfba359-5A {98105}. FBA359. (2B,
4A, 6B).
Xfbb292-5B {98105}. FBB292.

Xglk510-5A [{594,98105}],5B [{594,98105}].
[Xglk510a {594,98105}, Xglk510b {594,98105}].

pTag510.
Note: The arm locations of Xglk5] 0-5A,B were not reported in {594}.
Xgwml18-5B [{98119}]. WMS 118F/WMS 118R.
Xgwml129-5A {9839}. WMS 129F/WMS 129R.
Xgwml174-5D [{98119]. WMS 174F/WMS 174R.
Xgwmli86-5A {9839}. WMS 186F/WMS 186R.
Xgwm272-5D [{98119}]. L WMS 272F/WMS 272R.
Xtam75-5A {179,98105},5B,D {179} TAMY75. :
Note: The arm locations of Xtam75-5A,B,D were not reported in {179}.
Xwpgl5-5B [{98108}]. [WPGIS5 {98108}]. . WPGI15. :
Xwpg35-5B [{98108}]. [WPG35 {98108} ]. . WPG35.
Xwpg79-5B [{98108}]. [WPG79 {98108}]. . WPGT9.
Xwpg90-5B [{98108}]. [WPG90 {98108}]. WPG90.
Xwpgl76-5B [{98108}].

[WPG176 {98108}]. WPG176.

prgpQO-SB [{98109;}]. L WPG90F/WPGI0R.
Revise:

Xabg387 add '1B, D' in the last column

Xbcd265; add '1B,D' in the last column.

Xfbal27; add '(6B) in the last column.

Xfbb156; add (3BS, 3BL, 6B)' and delete '(3B)' in the last column
XksuAl; add '(1B)' in the last column.

stuG]Z; add '(6B)’ in the last column. .

Xwg909; add '(4B)' in the last column. '

Group 5
Note: The following markers were moved to the 5S group
Xglk424
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Note: The following matkers were moved to the SL group.
Xtam?75, Xglk510

Add:

Xfba259-5B {98107}. FBA259. (7B).
Xmta9-5D {98107}. MTAS {98129}.

Revise:

Xfbal37; add '(4A)' in the last column.
Xglk251; add "-5B {98125} in the first column.
Xglk51 0; add '-5D {98125} in the first column.
Xglk587 add '-5B {98125}' in the first column.
XksuF43; add '1B,D’ in the last column.

Group 6S

Add -

Xfbb95-6A {96113,98105}. FBB095.

Note: The arm location of Xfbb95-6A was not reported in {96113}

Xfbb255-6A [{98105}]. [Xfbb255b-6A {98105}]. FBB255.
(

1A,B, 4B).
Xgik547-6D {98105}. pTag547 {594},
Xgwm193-6B [{98119}]. WMS 193F/WMS 193R.
Xgwm334-6A [{98119}]. WMS 34F/WMS 334R.

Xmtd15(Gli-2) {98105}.
Xmtd184-6A {98105}.

MTD15 {98129}.
MTD184 {98129}.

Xwg487-6A {98105}. WG487 {96124}.

Revise: ‘

Xcdo534-6D; add '1B' in the last column.

Xfbal; add '(4B)' in the last column.

Xfba65; add '(5B)' in the last column.

Xfba234; add '(1A)' in the last column.

Xfba359; add '(SA)' in the last column.

Xfbb222; add '(7A) in the last column.

XksuE3; add '(2B, 3AL, 3BS, 6AS, 6DL) and delete (3A, 6A) in the last column
stuF43 6D; add '1B,D' in the last colunn. )
XksuH14-6B; add '1B,D' in the last column.

Group 6L

Add: ' ' ' C '
Xfba26-6D [{98105}].  [Xfba26a-6D {98105}]. FBAQ26. (1A).
Xfba76-6D {98105} FBAO76. - ' : ' -
%(fbap/]i)7-63 [{98105}] [bea127a-6B {98105}1. FBA127. ' (3A,

Xfbb250-6B. [{98105}] [Xfbb250b-6B {98105}1. FBB250..""

Xgwm58-6B [{98119}1.

Xgwml69-6A [{98119}].

WMS 58F/WMS 58R.

© WMS 169F/WMS 169R.

Xgwm200-6A [{98119}]. WMS 200F/WMS 200R.
XksuE3-6D [{98105}]. [XksuE3a-6D {98105}]. pTtksuE3 {309}. (1A,
2A,B,D,
_ 3AS;
3BL, B
- 4A,
6AS,

XksuGI2-6B [{98105}].



[XksuG12a-6B {98105}].

pTtksuG12 {309}. = (4A,
5D, 7A).
XksuG49-6A [{981051}].

[XksuG49b-6A {98105}].

pTtksuG49 {309}. (2D,
4A). .
Xmtdl1(Dhn9.6)-6A {98105}, MTDI11 {98129}.
XWcs1-6A,B,D* {98146}. pWces120.
Revise: '

Xcdo836; add '-6B.1,.2 [{98105}] in the first column and '[Xcdo836¢,a- 6B
{98105}]." in the second column.

Xcsb112(DhnS5)-6A:B[9596]2; change reference for clone 'pHvS' from '9599' to '9_597'.

Xfba8; add '(1D)' in the last column.
XksuG30; add '(3B, 5A) in the last cqlumn.

Group 6
Note: The following markers were moved to 68S.
Xfbb95
Add:
Xfbb61-6B {98105}, . FBBO061. (2A).
Xfbb156-6B [{98105}). [Xfbb156b-6B {98105}]. FBB156.

(3BS, 3BL,

5D,

TA).
Xgwm325-6D [{98119}]. WMS 325F/WMS 325R.
Xkuj77-6A,B,D {98125}, pTac77 {98127}.
Revise:
Xcdo534-6B; add '1B' in the last column.
Xglk744; add '(2A,B,D)' in the last column.
Substitute XksuE19-6D {309}4' for XksuF19-6D {309}4.
XksuF36; add '(4A)' in the last column.
Group 78
Add:
Xfbb53-7B {98105}. FBBO053.
Xfbb324-7B [{98105}]. [Xfbb324b-7b {98105}]. FBB324. (2B,
3D).
Xgwm60-7A [{98119}]. WMS 60F/WMS 60R.
Xgwm68-7B [{98119}]. WMS 68F/WMS 68R.
Xgwml30-7D [{98119}]. WMS 130F/WMS 130R.
Xgwm260-7A [{98119}]. WMS 260F/WMS 260R.
Xgwm297-7B [{98119}]. WMS 297F/WMS 297R.

XksuD18-7B [{98105}] [XksuD18a-7B {98105}]).  pTtksuD18 {309}.
(2A,B,D,
4D).

Revise:

Xbcd98-7B,D; add '1B,D' to the last column.

Xbed310-7B; add '( 1B).' in the last column.

Xcdo534-7A; add '1B' in the last column.

Xglk61-7A; subsntute '(7BL)." for '(7DL).' in the last column

XksuAl; Replace 'XksuAl-1D {309} with 'XksuAl-7D {309}, and add '(1B, 5B)' in
the last column
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Group 7AS:4AL:7DS

Add: .
XksuF36-4A {98105}, pTtksuF36, 2D,
6D).
XksuG49-4A [{98105}].

[XksuG49c-4A {98105}]. pTtksuG49. (2D,
6A).

Revise:

Xbcd1438; add -7A {98105} in the first column.

Xfba8; add '(1D)' in the last column.

Xfba65; add '(5B)' in the last column.

Xfbal27, add '(6B)' in the last column.

Xfba231; add -7A {98105}’ in the first column.

Xfba243; add '-7A,4A [{98105}] in the first column, and '[Xfba243a-7A, Xfba243b-
4A {98105}]." in the second column. .

Xfbb156; add '(3BS, 3BL, 6B)' and delete '(3B)' in the last column.
Xfbb278; add '(2B) in the last column.

Xmwg710; add '1B,D’ in the last column.

Group 7L

Add:

Xfba71-7A [{98105}]. [Xfba7la-7A {98105}]. FBAO71. (2A).
Xfbb222-7A {98105}. FBB222. (6D).

Xfbb366-74,D [{98105}].
[Xfbb366a-7A, Xfbb366b-7D {98105}].

FBB366.
XGlu-7A [{98154}]13. pTdUCD1 {9658}.
XksuAl-7D [{98105}]. [XksuAlb-7D {98105}]. - pTtksuAl {309}.
- (1B,
5B).
XksuA3-7B {98105}, pTtksuA3 {309}. (5D).
XksuF2-7B {98105}. pTtksuF2 {309}.
(2A,D).
Xtam51-7A {179,98105}. TAMS1.
(4A,B).
Note: The arm location of Xtam51-7A was not reported in {179}.
Xwg232-7A [{98105}]. [Xwg232a-7A {98105}]. WG232 {96124}. (1A,
4A,5A).
Revise:

Xfba234; add '(1A)' in the last column.

Xfba259; add '(5B)' in the last column.

Xfba382; add '-7B {98105} in the first column.

Xfbb79; add '-7A {98105} in the first column.

Xfbb238; add '(SB)' in the last column.

XksuE3; add '(2B, 3AL, 3BS, 6AS, 6DL)" and delete '(3A, 6A)’ in the last column.
XksuG12; add '-7A [{98105}] in the first column, '[XksuGI12b-7A {98105}]. in the
second column, and '(6B)' in the last column.

Xglk478; add '7A [{98105}]' in the first column, and '[Xglk478a-7A {98105}]." in the
second column.

Xpsr311-7A,B,D; change reference from '1168' to '869'.

Group 7
Add:
Xipk3(Mtase}-7A,B,D [{98101}].
[XMtase {98101}]. Mtase.
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XSbel-7A,B,D *{98145}. wSBE I-D2 clone 7.8.

Revise:
Xglk549; add '-7A,B {98125} in the first column and '(1A) in the last column.

Gametocidal Genes

1. Gametocidal activity

Revised to:

Gel-Bla {9849). Gela {1084}, Gel {1081}.
2B {1084}. i: CS*8/Aegilops

speltoides subsp.aucheri.
(1081}. . .
Gcl-B1b {9849}. Gclb {1084}, 2B {1084}. i: CS*8/Ae. speltoides
subsp. ' ' ’

. ligustica {1084}.
Gcl-S'1 {9849).  Gc-S13 {9849). 281 {9850}. ad: CS/Ae. sharonensis
{9850}. . o
Ge2-St1a {9849). Ge-S11 {9849). 451{9851}. ad: CS/Ae. longissima
{9851}. :
Gc2-S'1b {9849}, Ge-S12 {9849}, 481 {9852}. ad: CS/Ae. sharonensis
{9852}.
Gc3-C1 {9849}, Ge-C {..9849}. 3C {9853}. ad: CS/Ae. triuncialis
{9854},

Gel-Bla, Gel-BIb and Gel-SI, classified in the same functionial group, are hypostatm
to the genes Gc2- $1]a and Ge2- SI 1b. Gc3-ClI does not interact with the Gc genes in the
other two groups. In addition to these genes, chromosomes carrying gametocidal genes
occur in Ae. caudata {9855} and Ae. cylindrica {9856} and other strains of Ae.
longissima and Ae. sharonensis {9857,9858]}.

Genes with gametocidal activity (SdI {1211} and Sd2 {9868}) in wheat are present in
homoeologous group 7 chromosomes of Thinopyrum elongatum {471,1211}. '

Sd1 {1211}. e 7D {1211}. v: Agatha Sd2 {1211,9868}.
Sd2 {9868}. 7BL {9867}. v: 88M22-149 {9867,9868}.

In the presence of both-Sdl and Sd2, Lr19 is transmitted preferentially in heterozygotes, the -
degree of distortion being determined by genetic background. In heterozygotes with the same
background, and in the presence of only Sd2, Lr19 shows strong self-elimination. Based on
these }results it seems likely that the Sears' translocauon 7D—7Ag#7 does not carry Sd]

{660

Glaucousness

Add:

Orthology amonggs!, gs6, gs8 of barley (2HS){ 96109} wal of rye (7RL) {9837} and ng
of maize {98114} was indicated in {9837},
w3l [{98154}]. I3-W {98154}." 1BL {98154}. tv: T. turgidum var.
dicoccoides. R

Glume Colour
Red (brown/bronze)

Rg3 Add '{9862}' to symbol and chromosome location references and add 'vi .
L govskaya-47 {9861}. :



Move paragraph beginning "The majority ...' to top and add 'The 1A gene, Rg3, was
eventially identified linked to Gli-Al {9861} and shown to cosegregate with Hg {9860}.
A linkage order of Glu-Al - cent - Gli-Al - Hg - Rg3 was reported {9860}.

Replace sentence 'Rg3 was ..." with '{9861} reports a further block of 30 international
varieties which, by inference from their Gli-A1 alleles, probably also carry Rg3.'

2. Black
Revise the ‘Bg’ listing to the following: ,
‘Bg {916}. 1A {916}, 1AS {96119}.
s: CS*7/Indian 1A {916},
dv: G1777, G3116 {96119}.
Bga {96119}. [Bg(a) {96119}]. dv: G1777.
Bgb {96119}. [Bg(b) {96119}]. dv: G3116.
bg {96119}. dv: DV92, G2528.

Bga and Bgb and are dominant and cause a solid black glume and a black line at the
margins of the glume, respectively. bg is recessive and causes a non-black glume.'

6. Chocolate Chaff
cc; add '7BS {9701} in the third column and PI349056 {9701} in the fourth column.

Grain Hardness

Insert prior to listing of the Gsp-1 set:

'Friabilin consists mainly of puroindoline a and puroindoline b and, although both soft
and hard wheats possess them, distinction between the two textural types depends upon
the manner in which the friabilin binds to starch. See Puroindoline (Proteins 5. VIII).'
Hairy/Pubesent Auricles

Pa {add 9884]}. 4BS {add 9884}.

Hairy glume

Add: .
'hgl {9861}. ' \&
Ulyanovkn _
{9861};
Pionerskayar . -
{9861,98124}. o o

The likelihood of three alleles, hg (hauless), Hgl (weakly ha1ry) and Hg (very hairy),
with hgl being recessive to Hg and causmg a short (weak) ha1ry phenotype was
mentioned in {9861}.' « .

Height
Ht is the general syﬁbol.

Reduced Height : GA:insensitive
ﬁ}llzﬂ Isee Rht-Blb; Rht2, see RhtDI1b; Rht3 see Rht—BJ c; Rht]O see Rht-Dlc .
-
Rht-BI {9748}. 4B {87,284,736}, 4BS {69; see also 9748}. " ‘ma:tv: Gail/Rht-
BIb - 1.8cM - Xpsr622-4B{9739}. o
Rht-Bla {9748}. v: Tall wheats {9748}, e.g. Chinese Spring.
Rht-B1b {9748}. [Rhtl, SdI {12}]. Partially recessive {21}, recessive {242}
semi-dominant {289}. i: See {289, 279}. v: Frontier {1173}; Guardian
{1173}; Selection 14-53/Burt, 5 {12}; Siete Cerros {285}; Wren {831}; WW15
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{285}. Norin 10-Brevor, 14 Rht-D1b {12}; Oleson Rht-D1b {242}; Selection
D6301 Rht-D1b {242}, Shortim Rht-D1b {178}. See {285,287, 747}. tv:
Cocorit 71 {87,286}; Creso {87,286,311}; Malavika {1042}; Mida {312};
Sansone {87}; Valgerado {87,286}; Valnova {312}; Valselva {312}.

Rht-Blc {9748}. [Rht3, $d3{402}]. Semi-dominant {736}. i Tom
Thumb/7* Kharkov//Lancer {736}. See {289}. v: Minister Dwarf {282};
Selection D6899 (Tom Thumb-Sonora 64/Tacuari) {242}; Tom Thumb {283};
Tom Pouce Blanc {285,1199}; Tom Pouce Barba Rouge {285,1199}; Topo;
Tordo. ma: Xmwg634-4B (distal) - 30.6 cM - Rht-Blc - 11.9 ¢cM Xpsri44 -4B
(proximal) {98117}.

Rht-B1d {9748}. [RhtiS {1175}]. Semi-dominant {1175,9748}. v: Saitama
27 {1175}. Occurs frequently in Italian and Yugoslavian wheats {1175}: Argelato,
Centauro, Chiarano, Etruria, Farnesse, Gallo, Gemini, Lario, Pandas, Produttore,
Orlandi, Orso, Salvia, Sprint, Strampelli.

RhtBle {9748}. [RhtKrasnodari 1 {9822}, Rhtl(B-dw){9745}]. w:
Krasnodari 1 (a spontaneous GA-insensitive offtype of Bezostaya 1 {9745}).
Rht-BIf {9748}. [RhtT.aethiopicum {9748}].  Semi-dominant {9748}. tv:

T. aethiopicum accessions W6824D {9748}, W6807C {9748},

Rht-DI {9748}, 4D {281,414,1132}, 4DS {698,896, see also 9748}. ma:
Xpsri1871(Pki)-4D - 4cM - Rht-D1 - 6 cM - Xubc821(PhyA)-4D {9547},

Rht-Dla {9748}. v: Tall wheats {9748}, e.g. Chinese Spring.

Rht-DIb {9748). [Rht2, Sd2 {12}]. Partially recessive {21}, recessive {242},
semi-dominant {289}. 4D {281}, 4DS {698}. i: See {289,279}. wv:
Combe {405}; Era {285}; Gaines Sib 2 {12}; Jaral {285}; Kite {831}; Maris
Hobbit {281} ; Pitic 62 {405}; Songlen {178}. Oleson Rht-B1b {242}; Norin
10-Brevor 14 Rht-Blb {12}; Selection D6301 Rht-Blb {242},

Rht-DIic {9748}, [Rht10 {896}]. Dominant {89}. v: Ai-bian {1132,896}.
ma: Xpsr921-4D (4DS) - 0.8 cM - Rht-DIc - 28 ¢cM - Xgwml165-4D (4DL)
{98117}.

Rht-DI1d {9748}. [RhtAi-bian la {9749}]. Semi-dominant {9748}. v: Ai-
bian 1a (spontaneous mutant of Ai-bian 1) {9749}.

Rht4 {404}. Recessive. vt Burt ert 937, CI 15076 {403,518]}.

Rht5 {518}. v: Marfed ert 1, M1, CI 13988 {518,519,1168]}.

Rht6 {519}. Recessive. v: Brevor {406}; Burt {406,519}; Norin 10-Brevor 14
Rht-B1b Rht-D1b {406}.

Rht7 {1172}, 2A {1172}. v: Bersée Mutant A {1172}; Bersée Mutant C {1172}.

Rht8. 2D {555,1171,1170}, 2DL. s: Capelle-Desprez*/ Mara 2D {1171}. v:
Novasadska Rana 1 {1176}; Sava {1171,279}, Akakomugi Rht9 {840}; Mara
Rht9 {840}. ma: Xgwm484-2D (proximal) - 19.9 cM - Rat8 - 0.6 ¢cM -
Xgwm261-2D (distal) {98118). A

Rht9. 7BS {555,1171}. s: Capelle-Desprez*/Mara 5BS-7BS {1171}. v:
Acciao {519}; Forlani {519}. Akakomugi Rht8 {1171}; Mara Rht8 {1171}.

Rhe1l {519}. v: Karlik 1 {519}.

Rht12 {519}, Dominant. 5A {1045,9531}. v: Karcagi 522M7K {522}. ma:
Rht12 is located distally on SAL cosegregating with the gene B1 and closely linked
to p-Amy-Al {9531}. Xgwm291-5A - 5.4cM - Rht12 {9839}.

Rht13 {519}. v: Magnif 41M1, CI 17689 {519}.

Rhtl4 {519}. v: Cp B 132 {94} = Castelporziano, PI 347331 {519}.

Rht15 {519}. tv: Durox {519}.

Rht16 {519}. v: Edmore M1 {519}.

Rht17 {519}. v: Chris Mutant, CI 17241 {800}.

Rht18 {519}. tv: Icaro {519}.

Rht19 {519}. tv: Vic M1 {519).

Rht20 {519}. v: Burt M860 {519}.

Borner et al. {9748} found no evidence of orthologous GA-insensitive genes in rye, but

reviewed evidence for orthologous GA-insensitive genes.
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Herbicide Response

3. Chlortoluron Insensitivity

Add:
Sul. tv: B-35 {98104},
sul. tv: B-7 {98104]}.

Revise the previous 'ma:’ entry to 'Xpsr312-6B - 5.3 cM - Sul - 6.8 cM -
Xpsrd77(Pgk2)-6B {96108}.'

Add to the 'ma:' section:

'‘Nor2 (6BS) - 2.7 cM - Sul {98142} - 5.2 cM - Xpsr371-6B (6BL) {98104}.'

Hybrid Weakness
2. Hybrid Chlorosis Type 1

Add at end of section: 'A gene, Chrl, in rye produces chlorosis symptoms in hybrids
with wheats possessing Ch2, such as C306, HD2939 and NI15439 {9816}. Evidence for
multiple alleles of Chrl was also presented {9816}.' :

Chrl {9816}. dv: Cereal rye lines, EC179188 =
WSP527A{9816}; EC143825 = WSPS506A {9816}; EC338685 =
Blanco {9816}; others {9816].

chrl {9816}. dv: EC179178 {9816}; EC179185
SAR/SWPY5{9816}.

Lack of Ligules

Add:

‘Evidence for orthology of Ig] and g2 with lg of rice {96111}, lg] of maize {98116}, i
of barley {98111} and al of rye was presented in {9837}’

Nuclear-Cytoplasmic Compatability Enhancers

scs {98138}. 1A {98136}, 1AL {98137}.v: T. timopheevi
{98138}.
ma: A number of
completely linked - ' RAPD
makers were identified {9812}.

Asakura et al. {9812} used the symbol Ncc as a synonymn for scs, pointing out that the
effects of the gene are not limited to a single species.

Nucleolar Organizer Regions

18S - 5.8S - 26S rRNA genes

Nor-B2; change 6BS reference '252' to 251",
Osmoregulation

I{{ge;fg}tl}e previous ‘ma:’ entry to 'Or (proximal in 7AS) - 13 ¢cM - Xpsr119-7A

Proteins
1. Grain Protein Content
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Revise the previous QGpc.ndsu 'ma:' entries to include the complete symbol for each
DNA marker, as follows:

'‘QPro.mgb-4B associated at P<0.001 with Gail and Xpsr622-4B {9739)2.
QPro.mgb-5A associated at P<0.05 with Xpsr9/1-5A {9739}

QPro.mgh-6A.1 associated at P<0.01 with Xpsri67-6A and XksuG8-6A {9739 }2.
QPro.mgh-6A.2 associated at P<0.05 with Xmgb56-6A {9739}2.

Q@Pro.mgb-7B associated at P<0.01 with Xpsr490(Ssi)-7B and Pc {9739}2.

2. Enzymes

III. Aminopeptidase
Amp-MVY2 {9836}. 4MV {9836}. su: H-93-33 {9836}.

VIL Esterase
Est-R6; in the last column, add 'rye popn' after 'DS2 x RxL10".
Est-R8; change the last-column entry to 'ad: CS/Imperial, CS/KingIL'

VIII. Glucosephosphate isomerase

Add comment: 'GPI zymogram phenotypes observed in Triticum and Aegilops species
were reported in {98147, 98148}.

XV. Phosphogluconate dehydrogenase -
Delete the previous listing and substitute the following:
'‘Pgdl [{96119}]. [Pgd3 {96119}, Pgd-A3 {98156}].

7A™S {96119}.
ve: T. monococcum.

XXVIIL B-Glucosidase
B—Gis {96119}. . - 2AML, dv: DV92.

B-Glsa {96119}. dv: DV92.
B-Gisb {96119}. .. dv: G3116 (Null).

3. Endosperm storage proteins

1. Glutenins

In the preamble, after the sentence that ends " ..the transcribed portion of the gene
{255}.", add the following, '(Definitive evidence that subunit 21* {98152}, which -
has a mob111ty close to that of subunit 21, is a 'x-type' protem rather than a y type
protein has not been obtained, however.)'

After 'Glu-Als’, add

Glu-Alt [{98152}]. 21* {98152]. v: W209323, W 3879, W
31169. L e
After ‘Glu-Al-1s', add

GIGu-AI-It {98152}. 21* {98152}. v: W29323, W3879, W :
31169.

Glu-Al-It'is a provisional designation-because definitive evidence that subunit 21%*,
which has a mobility similar to that of subunit 21, is a 'x-type' and not a 'y-type' protein -
has not been obtained.
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After 'Glu-H'1', delete the sentence that begins ‘The symbol Glu-2, formerly used...'
and add the following:

Glu-B2 {98155, 98154}.
[XGlu-B2 {98154}].
1BS. s: CS*/Cheyenne 1B,

Langdon*/T. turgidum var.
dicoccoides 1B{98154}.
Gli-B3 was designatedGlu-B2 {420} until the name of the locus was changed in {792}.

IL. Gliadins
Add the following paragraphs at the end of the preamble:

'"Recombination was observed within the gliadin multigene family at XGli-A1 {98154}.
These closely linked genes may correspond to Gli-Al and Gli-A5, but they were
temporarily designated XGli-Al.1 and XGli-A1.2 until orthology with Gli-Al and/or
Gli-AS5 is established.

A number of novel gliadin alleles were reported in {98153}; they will be included in the
next supplement to the catalogue'.

Add the following comment after Gli-A4: Dubcovsky et al. {98154} did not find
evidence for the simultaneous presence of both Gli-A3 and Gli-A4 in five 1A or 1AM
mapping populations and concluded that Gli-A4 should be considered to be Gli-A3 until
conclusive evidence for the former is obtained.’

4. Water-soluble proteins
Wsp-Dic {9840}. v: T4 = Agatha {9840,639}; Indis {639,641}.

5. Other proteins

VI. Waxy protein
To first sentence in parenthesis add: '= ADP glucose glycosyl tranferase, EC2.4.1.21 =

GBSS.' Change second sentence to "Waxy proteins, characterised by starch granules
containing increased amylopectin and reduced amylose, are preferred for Japanese white
salted or “udon” noodles {9897}.' ) )

Add to preamble: 'Waxy phenotypes are controlled by orthologous genes in barley,
maize and rice, but are not known in rye {9837}.'

Wx-B1b . Add: 'v: For list of Australian wheats, see {9897}.'
VII. Puroindolines

Puroindolines a and b are the major components-of friabilin, a protein complex that is
associated with grain texture (see 'Grain Hardness'). Hard wheats resulf from unique
changes in the puroindoline amino acid sequence or (currently) a null form of one of the
completely linked genes (max. map distance 4.3 cM) {9822}. ,
ﬁgg-?la {9822}, 5DS {9822}. : v: CS {9822}; Heron
3}
Pina-Dla is present in all soft hexaploid wheats and possibly all hard
hexaploid wheats carrying the¢ Pinb-DI1b mutation {9822, 9823}.
Pina-DI1b {9823}. v: Falcon {9823}; Butte
86 {9823} (null).
Pina-D1b may be present in all hard hexaploid wheats not carrying the Pinb-
D1b mutation {9822, 9823}. ' :
Pinb-Dla } 38855’2}}; 5DS {9822}. v: CS {9822}; Hill 81
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Pinb-Dla is present in all soft hexaploid wheats and possibly all hard
hexaploid wheats carrying the Pina-D1b mutation {9822,9823}.
Pinb-DI1b{9822}. 5DS {9823}. s: CS (Cheyenne 5D)

{9822}.

v: Wanser {9822}.
Pinb-D1b may be present in all hard hexaploid wheats not carrying the Pina-
DIb (null) mutation {9822,9823}. Wheats with Pinb-DI1b contain a Gly-46 to
Ser-46 change in amino acid sequence {9822}.

Wx-BIb . Add: 'v: For list of Australian wheats, see {9897}.'
Response to Salinity

Variation in K*/Nat discrimination ratios correlate with salt tolerance, high ratios being
indicative of higher tolerance.

Knal {9810}. 4DL. {9810}. v: hexaploid wheats
{9810}.

4BS.4BL-4DL {96128}. tv: tr: Various lines
{9810}.

4BS.4BL-4DL-4BL {9811}. tv: tr: Selection 3*5-4
{9811}.

ma: Knal was found to be completely linked with
Xabc305-4B, Xabc305 4D, Xbcd402-4B, Xbcd402-4D, Xpsr567-4B, Xpsr567-4D,
Xwgl99-4B and Xwgl99-4D in recombined T. turgidum 4B and T. aestivum 4D
chromosomes {96128, 9811}.

Response to Tissue Culture

QTL loci mapped include:
Qtcer.ipk-2B.1 [{98110}]. [Tcr-B1 {98110}]. Is weakly
associated
with
Xpsrl02-2B.
Qtcr.ipk-2B.2 [{98110}]. [Tcr-B2 {981101}]. Is linked
closely and
distal to
Ppd2.
Qter.ipk-2B.3 [{98110}]. [Ter-B3 {98110}]. Is linked to
Yr7/8r9g.

Response to Vernalization

Vrr-1 {9880}.
Orthologous series in long arms of chromosomes of homoeologous Group 5.

Vrn-Al {9880}. [Vrnl {829}, Sk {2}].  5SAL {558,633}. i: Triple Dirk
{828,829}, s: Kharkov 22MC*/Rescue 5A {243}; Winalta*8/Rescue 5A
{626}. Rescue*/Cadet 5A Vrn-D1 Vrn-B1 {860}. v: Cadet {860}; Conley
{828}; Diamant II {625}; Falcon {829}; Koga II {1181}; Kolben {1,828,829};
Konosu 25 {315}; Marquis {1}; Reward {828}; Saitama 27 {315}; Saratov 29
{633}; Saratovskaya 29 {635}; Saratovskaya 210 {633}; Shabati Sonora {635};
Thatcher {828}; WW15 {829}. Shortandinka Vrn-B1 {635}; Takari Vrn-B1
{253}. Hope Vrn-B4 {1026}. ma: Vrn-Al - 7.5cM - Xwg644-5A {9839}.

Cultivars possessing Vrn-Al are insensitive to vernalization. Vrm-Al is epistatic to
other genes. According to {860}, Vm-Al is not always fully dominant and not
always epistatic. Kuspira et al. {531} attributed single gene variation in T.
monococcum to the Vrn-Al locus. Multiple recessive alleles were suggested {531}.
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Vrn-Am1 was mapped on the long arm of chromosome SA™ closely linked to the
same RFLP markers as Vrn-1 {9877}.

Vrn-1 should be orthologous to Vrn-HI {Sh2/Sgh2} of barley {9839,9873,9874}
and Vrn-R1 {Spl1} of rye {9839,9875} based on map locations using common
RFLP markers.

Vrr-B1 {9880}. The literature indicates this gene is located in chromosome 5BL.
Because the previously designated genes Vrn4 and Vrn2 are probably the same, or
allelic, the listing of information will follow earlier formats under the previous
synonymns. Stelmakh {1026} doubted the existence of Vrnd.

[Vm4 {830}]. 5B {635}, 5D {9438}, SBL {635}. s: Rescue*/Cadet SA
Vrn-Al Vrn-DI1 {635}. v: Mara {1181}; Pirourix 28 {635}. Shortandinka
Vrn-Al {860}.

[Vrn2 {829}, Ss {2}]1. 5B {9428,9433}, SBL or 7BL {9438}. Earlier location
of 2B {625} was not correct.  i: Triple Dirk B {829}. Brown Schlanstedt
{1,2,828,829}; Bersee {396}; Cadet {860}; Festiguay {829}; Milturum 321
{635}; Milturum 553 {635}, Noe {2}; Spica {396}. Borsum Vrnl {1}; Dala
Vrnl {1}; Diamant 1 Vrnl {1}; Halland Vrn-Al {1}; Haruhikari Vrn-Al {633};
Rubin Vrn-Al {1}; Triple Dirk Vim-Al {830}. Gabo Vrn4 {829}.

In some studies, genotypes were subdivided. Carriers of Vrn2a did not react to 15
and 30 days vernalization. Carriers of Vrn2b showed accelerated heading after 15
and 30 days vernalization {9428,9433}.

[Vrn2a = Vrn2 {9428,9433}]. i: Ank-18 {9428,9433}. s: Saratovskaya
29*8/Mironovskaya 808 {9433}; Saratovskaya 29*8/Odesskaya 51 5A {9433}.
v: Pirothrix 28 {9433}. Saratovskaya 29 Vrn-Al {9433}.

[Vm2b = Vrn2 {9428,9433}]. s: Diamant 1*8/Mironovskaya 808 5A {9433};
Diamant 1*8/Skorospelka 35 5A {9433}, v: Magali; Milturum 321 {9433};
Milturum 553 {9433}; Ulyanovka 9 {9433}. Diamant 1 Vrn-Al {9433};
Novosibirksaya 67 Vrn-Al {9433}.

Vrn-D1 {9880}. [Vrm3 {829}]. S5DL {558,633}. i: Triple Dirk E {829}.
s: Rescue*/Cadet SA Vrn-Al Vrn4 {860}. v: Chinese Spring {829}: Norin 61
{315}; Shinchunaga {315}; Shirasagi Komugi {315}; Ushio Komugi {315}.
Rescue Vrn-B1 {860}.

Vrn-2 {9877}.
Orthologous series in chromosomes of homoeologous group 4. Vrn-Am2 was
located in T. monococcum {9877} on chromosome SA™M on the 4A™ translocated
region. Vm-H2 (sh/sghl) occurs in barley chromosome 4H {9876} and is probably

-orthologous to Vrn-A™2 based on comparative maps {9877,9874}.

Vrn2a {9877}. Winter habit - dominant in diploid wheat. dv: G1777 {9877};
G3116 {9877}.
Vrn2b {9877}, Spring habit. dv: DV92 {9877}.

Vrn-3 {9880}.
Orthologous series in chromosomes of homoeologous group 1 predicted from
orthology with Vrn-H3 (Sh3) in barley chromosome 1H {9876,9878}. Aneuploid
and whole chromosome substitution experiments showed that all group 1
chromosomes of wheat carry genes affecting response to vernalization {9879}.

Vrn-4 {9880]}.
To date, only Vrrn-B4 has been detected.
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Vrn-B4 {9880}. [Vrn5, eHi {557} {552}]. 7BS {553,557}. The distal region of
7BS has been translocated with a chromosome segment with homoeology to the
distal region of SAL. It is not known if Vrn-4 is located in the region homoeologous
toSLor7S. s: CS*Hope 7B Vrn-D1 {553}. v: Hope Vrn-Al {1026}.

References to additional studies are given in {1026},

Stock Genotype Vernalization Response
Triple Dirk Vrn-Al vrn-B1 vrn-D1 No
Kolben Vrn-Al vrn-Bl vrn-D1 No
Festiguay vrn-Al vrn-B1 vrn-D1 Yes
Gabo vrn-Al vrn-Bl vrn-D1 Yes
Chinese Spring vrn-Al vrn-Bl Vrn-Dl Yes

Winter cultivars carry recessive alleles at all loci. Differences among winter wheats with
respect to vernalization requirements seem to be due to multiple recessive alleles {830}.
Two genes may determine differences between winter wheats requiring 20 days and 60-
65 days of vernalization {316}.

Restorers for Cytoplasmic Male Sterility

2. Restorers for T. longissimum cytoplasm

Vi {98135}. 1B{98136}, 1BS {98137}. v: T. turgidum{98135}.
Probably derived from a cv. Selkirk T. aestivum line with T. cylincricum cytoplasm
{98135}.

3. Restorers for photoperiod-sensitive Aegilops crassa cytoplasm

Morai & Tsunewaki {9898} described photoperiod-sensitive CMS caused by Aegilops
crassa cytoplasm in bread wheat cv. Norin 26. Almost complete sterility occurred when
plants were grown in photoperiods of 15h or longer.

Rfd1 {9899}. 7BL{9899}. v: Chinese Spring{9899}.

A different system of restoration occurs in cv. Norin 61, where at least four
chromosomes, 4A, 1D, 3D and 5D, appear to be involved {9899}.

Ribosomal RNA

58S tRNA genes
5S-Rrna-Al. Add'v: Chinese Spring {98133} in the last column.

Add the following comments at the end of the '5StRNA genes' section:

"The 55-Rrna-1 loci were physically mapped in 1AS, 1BS, and 1DS and the 55-Rrna-2
loci were physically mapped in 5AS, 5BS, and 5DS of Chinese Spring using deletion
lines {98133}.

Table 1 in {98134} lists the chromosome or chromosome arm locations of rRNA loci in
12 Triticeae species.' ,

Pathogenic Disease/Pest Reaction

Reaction to Diyraphis noxia : :
Dn2 7DL {98132}. v: PI262660 {98132},
ma: XksuAl-7D - 9.8 cM - Dn2 {98132},
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Dn4 IDL {98132}. v: CORWALI {9866};

CI2401 {9866}; PI151918

{9866}; PI372129 {98132}.
ma: Xabcl56-1D - 11.6 cM - Dn4 {98132}

Dns i: Palmiet derivative

92R1.28 {9623}.

Dné v: CI6501 {9866}.

eaction to Erysi Mini
Pml. v: Zhengzhou 871124
{9870}.

< mas Co-segregation or close linkage with three RAPDs; one
RAPD converted to a STS {9870}.
Lists in {9883} (Western Siberia).

Pmla {9862}. Pml {9862}. vs See earlier lists.

Pmlb {9862}. v: MocZlatka {9862]}.

Pmlc {9862}. Pmlil8 {1189,9862}. v: MIN (see earlier
Pml8).

Pmld {9862}. vs T, spelta var
duhamelianum TRI2258 {9862}.
Pm2. v: Orestis {98158}.
Pm3. Revise 'ma:' listing to'’Pm3 - 3.3 ¢cM - Xwhs179-1A {9650}.'

Pm4b. v: Ronos {98158}.
PmSs. v: Kormoran
{98158}.

Pmé6. v: Coker747
{98158}.

Pm8. v: Others: {9809}.

Crosses between three lines with Pm8 and Helami-105, a 1BL.1RS line with Pm17,
indicated that Pm& and Pml7 were allelic {9628}. Earlier, these genes were reported to
be genetically independent {1060},

Su-Pm8. Su-Pm8 occurs at high frequency in CIMMY T-generated wheats
{9863,9809}. Further genotypes are identified in {9865}.

Pmi2, . 6BS-6SS.65L {429},
Pml13. 3B {135}, T3BL.3BS-3S1#1S {9844} .tv: T. longissimum
derivative
R1A {136}.

: 3D {135}, T3DL.3DS-3S#1S {9644}.tv: T. longissimum

derivative
R1D {136}.
Pml17. 1AL.1RS {9628}. v: Amigo {9628};
Century ; g v {9894}; TAMI107
{9894}, TAM?200 {98941},
TAM?201 {98941,
Pmlis8. See Pmlc.
Pm21. ma: RAPD OPH17;99p (synonym 'OPH17-1900")
was associated with Pm21 and RAPD
OPH17ppp (synonym ‘ 'OPH17-1000") with
its absence {9803}.
Pm24 {9805}. 6D {9805}. v: Chiyacao {9805}.
Lists in {9844} (Chinese wheats).
Temporary designations: '
PmTmb {9802}. v: NC94-3778 {9802}.
dv: T. monococcum
P1427662 . : {9802}.
: ma: Associated with 3 RAPDs {9802}.
eaction to Fusari ineqa

-
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Disease : Fusarium head scab (= Fhs).

Fhs1 {9888}. v: Line A {9888}. Ning 7840 Fhs2 {9888}.

Fhs2 {9888}. v: Line B {9888}. Ning 7840 Fhsl {9888}.
Reaction to Heterodera avenae

Crel. it AP=
Prins*8/AUS 10894 {9845}.

ma: Xglk605-2B - 7.3cM - Crel - 8.4cM -
Xcdo588-2B/Xabc451-2B {9845},

Reaction to Mayvetiola destructor

H3. ma: Cosegregation of H3 and a RAPD {98141}.
HS. ma: Cosegregation of H5 and two RAPDs {98141}.
Hé. ma: Cosegregation of H6 and three RAPDs {98141},
HY. ma: Cosegregation of H9 and two RAPDs {98141}.
HI10. ma: Cosegregation of H10 and one RAPD and close
linkage of H10 to another RAPD {98141}.
HII. ma: Close linkage of H1! to two RAPDs {98141}.
HI2. ma: Cosegregation of H12 and one RAPD and close
linkage of Hi2 to another RAPD {98141}.
HI13. ma: Cosegregation of H13 and a RAPD {98141}.
HI4. ma: Cosegregation of Hl4and a RAPD {98141},
HI6. tv: IN80164 {9885}.
ma: Cosegregation of HI16 and a RAPD {98141}.
Hi7. ma: Cosegregation of H17 and a RAPD {98141}.
HIY9. tv: IN84702 {9885}.
PI422297 H29 {9885}.
H23, ma: H23 - 6.9 cM - XksuH4-6D {9815}.
H24. 6DL {9815}.
ma: H24 - 5.9 ¢cM - Xbcd451-6D/Xcdo482-6D
{9815}.
H27 {9836}. 4MY {9836}.su: H-93-33 {9836}.
al: Ae. ventricosa No. 10
{9836};
Ae. ventricosa No. 11
{9836}.
H28 {9886}. SA {9886}. tv: PI5S9190 {9886}.
H29 {9887}. [H27 {9886}]. SA {9885}, tv: PI422297 HI9 {9885}.
eacti seudocercosporella herpotrichoides

Phe2. Add '7TAL {98144} in the third column.
ma: Xcdo347-7A (distal) - 11 cM - Pch2 - 18.8 ¢M -

Xwg380- 7A (proximal){98144}.
Temporary Designation:
Pchpy {9808}. 4V {9808}. ad: Wheat +4V {9808}.
s: Wheat 4V (group IV)

{9808}. Eroup
Reaction to Puccinia graminis
Sr21. See also Sr45.
Sr22, is Others {9817}.

, v: Others {9817}.

ma: Hexaploid derivatives with Sr22 carried "alien"

segments of varying lengths; the shortest segment was
distal to Xpsri29-7A : {9817}.

Sr24. Add 'ma: All lines with Sr24 also possess Lr24; see Lr24.'
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Sr25. Add 'Refer to Lri19 for linkage information.'

Sr32.
{9644},

{96441},

(9644},

{660,916},
Sr34.
{9644}.

{9644},

Sr36.
Sr40.
Sr45 {9831}.

87M66-5-
Lr21,
{9831,9832}.

derivatives
Cobbitty

2A {660,916}, T2AL.2S#1L-2S#1S

v: (95.24 {9644},
2B {916}, T2BL/2S#1S {9644}.
v: C82.1 = P80-14.1-2

2D {916}, T2DL-2S#1L.2S#1S :
v: C82.2 = P80-139.1-4

v: C82.3 = PR0-132.2-2
{660,916}; C82.4 =
P80-153.1-2

2D {916}.

2D {689}, T2DS-2M#1L.2M#1S
2A {689}, T2AS-2M#1L.2M#1S

2M {689}.
v: Others {9644]}.

Derived from T. araraticum T2BL/2G#2S {9644}.
SrD {9832}; SrX {1805}.

1D {9881},1DS {9831}.
v: 87M66-2-1 {9831},
6 {9881} Thatcher +
RL5406

Various backcross
developed at PBI
{1058}.

dv: T tauschii R1.5289
{9831,9832}.

Tests of natural and induced mutants of P. graminis f. sp. tritici indicated that Sr45 has
identical specificity to Sr21 {9832}.

e
Lr9.

T6BS.6BL-6U#1L {9644).

The structures of additional translocations are given in {9644},

Lrio.

protein

Xsfrpl(Lrkl0)
{98106).

Lri7a {9891).

Lri7b {9891}.

Maris Fundin
Dwarf A

Lri18,.

Lrl9.

L503

{9843}; Sunnan

ma: Xcdo426-1A -5.1cM - Lr10 {9636};

Lri0 - 8 cM -Glu-A3 {9818}.

ma: Completely linked with Lrk10 ,which encodes a
kinase {9864}.

ma: Cosegregation with XsfrI(Lrk10) and

[Lr17].

[LrH {9647}, WBR2 {9892}]. v: Harrier {9891}; Norin 10
Brevor, 14 {9891};
{9891}. Hobbit Sib =
Lri3 {9891},

T5BS.SBL-5G#1L {9644}, .
7BL {9867}. v: 88M22-149 {9867};
{9843}; L513
{9895}.
ma: Cosegregation with Ep-D1d {9826}.



ma: Prins et al. {9872} studied 29 deletion mutants in
Indis to determine the gene order: Sd-1 - Xpsrl05 -
Xpsrl29 - Lr19 - Wsp- DI-Sr25- Y.
Replace the note at the end of the section with 'Knott {489} obtained two mutants (28 and
235) of Agatha possessing Lr19, but with reduced levels of yellow pigment in the flour.
Marais {639,641} obtained mutants and recombined lines with intermediate levels of, or no,
yellow pigment. It was shown that in recombinant line 88M22-149 lackmg yellow pigment,
Lr19 was transferred to chromosome 7BL {9867}.'
The chromosome with Lr19 in Indis is probably identical to that in Agatha {9872}.

Lr2l. v: ACCoralri3
{9824},
Lr22a. v: ACMintoLrll Lri3
{9824}.
Lr24. 1B {9628}. v: Amigo {9628},
ma: Cosegregation with RAPD marker that was converted
toa SCAR {9871}.
Lr25. ma: Cosegregation with a RAPD {98130}.
Lr27. ma: Positive association with XksuG53-3B {9636}.
Lr28. T4AS 4AL-7S#2S {9644]}.
6) ma: Lr28 was tagged using STS primer OPJ-0235
{9896}.
Lr29, 7DL-Te#11.7Ae#1S {9644},
ma: Cosegregation with two RAPDs {98130]}.
Lr3l. ma: A positive association with XksuGI10-4B {9636},
Lr43. 7DS (98159}.
Lr46 {9821}. 1B {9821}. s: Lalbahadur (Pavon
1B) Lri {9821}.
v: Pavon F76 Lrl Lrl0
Lri3 {9821}.
Complex genotypes: AC Domain Lr10 Lri6 Lr34 {9859}; Grandin Lr2a Lr3 Lrl10 Lrl3
Lr34 {9627}, Opata 85 Lr10 Lr37 + Lr31 Lr34 {9636};
Roblin Lrl Lri0 Lri13 , Lr34 {9824}.
Genotype Lists: {9825} (U.S.A.)
Temporary Symbols:
LrTh {9859}. Adult plant resistance {9859} v: AC Taber Lri3 Lrlda
{9859}.
Reaction to Puccinia striiformis , .
Yr2, . 7B {9830}. Yamhill Yr4a {9830}.
Yr3a. 1B {9830}. Druchamp {9830}; Stephens {9830}.
Yr3c. 1B {9830}. Minister {9830}.
Yrda, 6B {9830} Vilmorin 23 {9830}. Yambhill Y2 {9830}.
Yr4b. B 6B {9830}. Hybrid 46 {9830}.
Yris. o ' tv: D447 derivatives
B1,B2,B9,B10
{9806}.
, . -mastv: OPBI131439-27.1cM - Yrl5 -
11.0cM - Nor- - . BI1{9806}.
Yr26 {9807}. 6AS (6AL. 6VS) {9807}, v: Yangmai-5 {9807},
Derived from Haynaldia villosa (Daspyrum villosum).
Yr27 {9889}, [YrSk {9649}]. “2BS {9889}, v: Ciano 79 {9889}; Selkirk

{9889}.



Yr27 is present in many CIMMYT wheat lines {9889} and possibly Webster. Yr27is
closely linked with Lri3 (repulsion).

Yr28 {9890}. 4DS {9890}. v: Synthetic = Altar 84/T.
tauschii W-219. Synthetic/Opata
85 SSD.

dv: T. tauschii W-219
{9890}.
Yr22 was also reported for chromosome 4D but in the absence of an appropriate single
gene stock and the unavailability of avirulent cultures in most laboratories, tests of linkage
with ¥r28 data are unlikely to be available in the foreseeable future.

Temporary Symbols:

YrDru. 5B {9830}. Druchamp {9830}.

YrDru2. 6A {9830}. Druchamp {9830}.

YrH46. 6A {9830}. Hybrid 46 {9830}.
Not the same gene as YrDru2 {9830}.

YrMin. 4A {9830}. Minister {9830}.

YrND. 4A {9830}. Nord Desprez {9830}.
May be the same as YrMin {9830}.

YrSte. 2B {9830}. Stephens {9830}.

YrSte2. 3B {9830}. Stephens {9830}.

Yrv23. 2B {9830}. Vilmorin {9830}.
Allelic but not the same as YrSte {9830}.

YrYam. 4B {9830}. Yamhill {9830}.

Reaction to Pyrenophora tritici-repentis

1. Insensitivity to tan spot toxin
Revise the previous 'ma:' entry to 'Xbcd1030-5B - 5.7 cM - tsnl -16.5 cM - Xwg583-
5B {9629).'

Reaction'to Schizaphis graminum

GbS. 7S {266}. TT7S#1L.7S#1S-7AS {9644}.
Reaction to Tilletia spp.
Bt10 v: Others {9804},
ma: Bti0 completely linked with a 590 bp
fragment produced by UBC primer 196 {9804}.
RAPD-15cM + 1.5¢M - Bt10 {9829}.
Reaction to Ustilago tritici
Ut-x {98131}. 2BL{98131}. v: Biggar BSR {98131}.
ma: Xcrc4-2B - 14 cM - Ut-x - 10 cM - Xabcl53-
2B.2 {98131}. Xcrc4-2B (synonym 'Xcrc4-

2B.2") is a SCAR.

Resistance to colonization by Erigphyes tulipa

Cmc2. 6A, TOAS.6Ae#2S {9644},

: 5B, TSBL.6Ae#2S {9644]}. v: 875-94-2 {9644},
Reaction to Wheat Streak Mosaic Virus
Wsml. 4A {9833}, T4AL-2S {266}. v: C1 17766 =B-6-37-1

{266,9833,9834}.
T6AS.4Ai#2L + TOAL-4Ai#2S {9644}.v: CI17883 {9644}. .
ma: Wsml cosegregated with a STS amplified by
the primer .
set STSJ15 {9819}. ‘
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Seedling Leaf Chlorosis
sc {98157}. 3BS(98157}. s: CS*/Hope3B {98157}.

v: Hartog {98157}; Suneca {98157}; wheats with
Sr2 {98157}.
Leaf chlorosis is affected by temperature and light and is enhanced by infection with
pathogens. sc is completely linked with Pbc (pseudo-black chaff) and Sr2 (reaction to
Puccinia graminis).
Temperature-Sensitive Winter Variegation

This phenotype involves reduced vigour and chlorotic patches on leaves of certain
genotypes in Ae. umbellutata cytoplasm when grown at low temperatures {9813},

Vgw{9893}. Variegation is dominant {9813}.

[Vg {9893}]. SBL {9893}. v: Bersée {9813};
Cappelle- Desprez {9813}; Hobbit Sib {9813};
Mara {9813}.
vgw {9893}. [vg {9893}]. v: Besostaya I {9813}; CS {9813}; Poros {9813};
Sava {9813}; T. spelta {9813}.
GENETIC LINKAGES
Chromosome 1A
1AS Rg3 - Hg 0 {9860},
Rg3 - Gli-Al 101% + 0.56 % {9860}.
2% + 1.14% {9861}.
Hg - Gli-Al 030% + 031 % {9860}.
» 079% + 081 % {9881}.
224% + 131 % {9860}.
264% + 098 % {9861}.
38% + 1.0 % {9861}.
- Gli-A3 2517 % + 427 % {9860}.
- Glu-Al I {9860}.
Gli-Al - Gli-A3 2273 % + 407 % {9860}.
2242cM + 361 cM {9814}.
- Glu-A3 15¢M + 03 cM {9726]}.
- Glu-Al I {9860}.
- Gli-A5 194cM + 001 cM {9842},
Gli-A3 - Glu-Al 3755% + 505% {9860},
C some 1
1BS Rgl - Gli-Bl1 284 % + 139% {9861}.
- 405% + 1.52% {9861}.
- 0 {9861}.
Glu-B2 - XGli-B3 0 {98154},
IBS & L Glu-B3 - Glu-Bl 299cM + 60 % {98149},
Chromosome 2A
2AS bh - Centromere 85cM + 2.1cM {9701}.
Chromosome 2B
2BS Lr23 - Centromere 20 cM {9636}.
Chromosome 4B )
4BS Hl - Pa 30cM {9884}.




Chromosome 4D

4DL Alt2 - Knal 12.5cM {9757}.
Chromosome SA H28 - H9 22 cM {9886}.
H29 - Hi6 Close {9885},
Chromosome 5B
5BL Centromere - Nel 6cM {9893}.
Nel - Vg 1icM {9893}.
Vg - Ibf-B1 35cM {9893}.
Chromosome 6A
6AL Centromere - Sr26 0 {9838}.
Chromosome 6B
6BS tv: Nor2 - Xpsr312  24.8cM {98104}.
tv: Xpsr312-6B - Sul 5.5¢cM {98104}.
tv: Sul - a-Amy-1  9.84cM {98104}.
Chromosome 7A
TAS Xpsrll19-7A - or 13¢cM {9740}.
TAL cn-Al - Centromere 46.6cM + 3.8cM {9701}.
Chromosome 7B
7BS cc - Centromere 33.5¢cM + 4.1cM
7BL cn-Bl - Centromere 42.6cM + 4.3 cM {9701}.
mosome 7D
TDS Lr43 - Centromere I {98159}.
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ABSJ:G (Genetics Abstracts)

AUTH:Ogihara, Y.;Futami, K.;Tsuji, K.;Murai, K.

AFFN:Kihara Inst. for Biol. Res., Yokohama City
Univ., Yokohama 244, Japan

TITL:Alloplasmic wheats with Aegilops crassa
cytoplasm which express photoperiod-sensitive
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transcription

HTIL:MOL. GEN. GENET.

HSSN:0026-8925

HYER:19970600
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( 32)
ACCN:001843311 CTLN:4102622
ABSJ:G (Genetics Abstracts)
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HTIL:HEREDITY
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HYER:19970700
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ACCN:001845767 CTLN:4105340

ABSJ:G (Genetics Abstracts); Z (Entomology
Abstracts)

AUTH:Zantoko, L.;Shukle, R.H.*

AFFN:USDA-ARS, Dep. Entomol., Purdue Univ.,
West Lafayette, IN 47907, USA
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HTIL:J. HERED.
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HYER:19970400

HCOL:vol. 88, pp. 120-123
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ABSJ:G (Genetics Abstracts)
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AUTH:Bozorgipour, R.;Snape, J W.*

AFFN:JI Cent., Colriey Lane, Norwich NR4 7UdJ, UK

TITL:An assessment of somaclonal variation as a
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HTIL:EUPHYTICA

HSSN:0014-2336

HYER:19970000
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( 36)

ACCN:001846442 CTLN:4106446

ABSJ:G (Genetics Abstracts)

AUTH:Subedi, K.D.;Budhathoki, C.B.;Subedi, M.

AFFN:Plant Environ. Lab., Univ. Reading, Cutbush
Lane, Shinfield, Reading RG2 9AD, UK
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aestivum L.) genotypes in response to boron
deficiency in Nepal

HTIL:EUPHYTICA

HSSN:0014-2336

HYER:199270000
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ACCN:001846447 CTLN:4106451

ABSJ:G (Genetics Abstracts)

AUTH:Taketa, S.;Takeda, K.

APFFN:Res. Inst. for Bioresources, Okayama Univ.,
Chuo 2-20-1, Kurashiki, Okayama 710, Japan
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HYER:19970400

HCOL:vol. 72, no. 2, pp. 101-106
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ACCN:001846479 CTLN:4106483
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AUTH:Takumi, S.;Shimada, T.

AFFN:Res. Inst. Agric. Resour., Ishikawa Agric. Coll.,
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bombardment of scutellar tissues

HTIL:GENES GENET. SYST.
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HYER:19970400
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ACCN:001846483 CTLN:4106487
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Abstracts C: Algology, Mycology & Protozoology)

AUTH:Brown, G.N.

AFFN:Univ. Sydney Plant Breeding Inst., Cobbitty,
Private Bag 11, Camden, NSW 2570, Australia

TITL:The inheritance and expression of leaf chlorosis
associated with gene Sr2 for adult plant
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HTIL:EUPHYTICA

HSSN:0014-2336

HYER:19970000

HCOL:vol. 95, no. 1, pp. 67-71

( 40)

ACCN:001846487 CTLN:4106491

ABSJ:G (Genetics Abstracts)

AUTH:Ren, S.X.;McIntosh, R.A.;Lu, Z.J.

AFFN:Inst. Genet., Chinese Acad. Sci., Beijing
100101, China '

TITL:Genetic suppression of the cereal rye-derived
gene Pm8 in wheat

HTIL:EUPHYTICA

HSSN:0014-2336

HYER:19970000 B

HCOL:vol. 93, no. 3, pp. 3563-360

( 41)

‘ACCN:001846491 CTLN:4106495

ABSJ:G (Genetics Abstracts)

AUTH:Brisibe, E:A.;Olesen, A.*;Andersen, S.B.

AFFN:Sect. Plant Breeding and Biotechnol., Dep.
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Denmark
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HSSN:0014-2336

HYER:19970000
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112, Iceland
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HSSN:0014-2336

HYER:19970000
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AFFN:John Innes Centre, Norwich Research Park,
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TITL:Cloning and genetic mapping of wheat
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HTIL:MOL. GEN. GENET.
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AFFN:Department of Botany and Plant Sciences,
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HTIL:EUPHYTICA
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ABSJ:G (Genetics Abstracts); K (Microbiology
Abstracts C: Algology, Mycology & Protozoology)

AUTH:Ma, H.;Singh, R.P.;Mujeeb-Kazi, A.
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Center (CIMMYT), Lisboa 27, Apdo. Postal 6-
641, 06600 Mexico, D.F
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HTIL:EUPHYTICA

HSSN:0014-2836

HYER:19970000

HCOL:vol. 94, no. 8, pp. 279-286
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Abstracts C: Algology, Mycology & Protozoology)

AUTH:Beharav, A.;Golan, G.;Levy, A,

AFFN:Institute of Field Crops, Israel Gene Bank for
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Organization, The Volcani Center, P.O. Box 6,
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TITL:Evaluation and variation in response to
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AUTH:Goldringer, I.;Brabant, P.;Gallais, A,

AFFN:Station de Genetique Vegetale, Ferme du
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AFFN:Institute of General Botany, University of
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AUTH:Segal, G.;Liu, B.;Vega, J.M.;Abbo, S.;Rodova,
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AFFN:Dep. Plant Genet., Weizmann Inst. Seci.,
Rehovot 76100, Israel
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HCOL:vol. 94, no. 8, pp. 968-970
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ABSJ:G (Genetics Abstracts)

AUTH:Kim, H.S.;Ward, R.W.

AFFN:Dep. Crop and Soil Sci., Michigan State Univ.,
East Lansing, MI 48824, USA
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HTIL:THEOR. APPL. GENET.
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HYER:19970300
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ABSJ:G (Genetics Abstracts)

AUTH:Castagna, R.;Gnocchi, S.;Perenzin, M.;Heun,
M

AFFN:Istituto Sperimentale per la Cerealicoltura,

Via Mulino 8, 20079 S. Angelo Lodigiano (LO),
Italy
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markers
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ABSJ:G (Genetics Abstracts)

AUTH:Dweikat, I.;0hm, H.;Patterson, F.;Cambron,
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AFFN:Agron. Dep., 1150 Lilly Hall, Purdue Univ.,
West Lafayette, IN 47907, USA

TITL:Identification of RAPD markers for 11 Hessian
fly resistance genes in wheat

HTIL:THEOR. APPL. GENET.

HSSN:0040-5752

HYER:19970300

HCOL:vol. 94, no. 3-4, pp. 419-423

( 57)

ACCN:001851328 CTLN:4110117

ABSJ:G (Genetics Abstracts)

AUTH:Cuadrado, A.;Vitellozzi, F.;Jouve, N.;Ceoloni,
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AFFN:Dep. Cell Biol. and Genet., Univ. Alcala de
Henares, 28871 Alcala de Henares, Madrid,
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HTIL:THEOR. APPL. GENET.

HSSN:0040-5752

HYER:19970300

HCOL:vol. 94, no. 3-4, pp. 347-355

( 58)

ACCN:001851332 CTLN:4110121

ABSJ:G (Genetics Abstracts)

AUTH:Ziegler, P.;Loos, K.;Wagner, G.

AFFN:Lehrstuhl Pflanzenphysiologie, Univ.
Bayreuth, 95440 Bayreuth, Germany

TITL:Posttranslational origin of wheat leaf beta -
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HTIL:J. PLANT PHYSIOL.
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HYER:19970400
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( 59) .
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ABSJ:G (Genetics Abstracts)

AUTH:Nagoka, T.;Ogihara, Y.
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Univ., Maioka-cho 641-12, Yokohama 244, Japan
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HYER:19970400

HCOL:vol. 94, no. 5, pp. 597-602

( 60)

ACCN:001851855 CTLN:4110144

ABSJ:G (Genetics Abstracts)

AUTH:Bryan, G.J.;Collins, A.J.;Stephenson, P.;Orry,
A.;Smith, J.B.;Gale, M. D.

AFFN:John Innes Cent., Norwich Research Park,
Colney, Norwich NR4 7UJ, UK
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HTIL:THEOR. APPL. GENET.

HSSN:0040-5752
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HCOL:vol. 94, no. 5, pp. 557-563
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ACCN:001851361 CTLN:4110150

ABSJ:G (Genetics Abstracts) )

AUTH:Gregova, E.;Tisova, V;Kraic, J.*

AFFN:Res. Inst. Plant Prod., Bratislavska Cesta 122,
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TITL:Genetic variability at the Glu-1 loci in old and
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in Slovakia

HTIL:GENET. RESOUR. CROP EVOL.

HSSN:0925-9864

HYER:19970800

HCOL:vol. 44, no. 4, pp. 301-306

( 62)

ACCN:001851363 CTLN:4110152

ABSJ:G (Genetics Abstracts)

AUTH:Filatenko, A.;Hammer, K.

AFFN:NL.I. Vavilov Inst. for Plant Ind., St. Petersburg,
Russia
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HTIL:GENET. RESOUR. CROP EVOL.

HSSN:0925-9864

HYER:19970800
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ACCN:001851376 CTLN:4110165

ABSJ:G (Genetics Abstracts) -

AUTH:Pedersen, C.;Zimny, J.;Becker, D.;Jachne-
Gaertner, A.;Loerz, H.

AFEN:Environ. Sci. and Technol. Dep., Plant Genet.,
Risoe Natl. Lab., P.O. Box 49, DK-4000 Roskilde,
Denmark

TITL:Localization of introduced. genes on the
chromosomes of transgenic barley, wheat and
triticale by fluorescence in situ hybridization

HTIL:THEOR. APPL. GENET.
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HSSN:0040-5752

HYER:19970500

HCOL:vol. 94, no. 6-7, pp. 749-757

( 64)

ACCN:001851397 CTLN:41 10186

ABSJ:G (Genetics Abstracts)

AUTH:Peil, A.;Schubert, V.;Schumann, E.;Weber,
W.E.

AFFN:Inst. Plant Breeding and Plant Prot., Martin-
Luther-Univ. Halle- Wittenberg, D-06188
Hohenthurm, Germany

TITL:RAPDs as molecular markers for the detection
of Aegilops markgrafii chromatin in addition and
euploid introgression lines of hexaploid wheat

HTIL:THEOR. APPL. GENET,

HSSN:0040-5752

HYER:19970500

HCOL:vol. 94, no. 6-7, pp. 934-940

( 66)

ACCN:001851401 CTLN:4110190

ABSJ:G (Genetics Abstracts)

AUTH:Hu, XY.;Ohm, H.W.;Dweikat, I.

AFFN:Dep. Agron., 1150 Lilly Hall, Purdue Univ.,
West Lafayette, IN 47907- 1150, USA

TITL:Identification of RAPD markers linked to the
gene PM1 for resistance to powdery mildew in
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HTIL:THEOR. APPL. GENET.

HSSN:0040-5752

HYER:19970500

HCOL:vol. 94, no. 6-7, pp. 832-840

( 66)

ACCN:001851402 CTLN:4110191

ABSJ:G (Genetics Abstracts)

AUTH:Metakovsky, E.V.;Branlard, G.;Chernakov,
V.M.;Upelniek, V.P.;Redaelli, R.;Pogna, N.E.

AFFN:Istituto Sperimentale per la Cerealicoltura,
Via Mulino; 3, 20079 S. Angelo Lodigiano
(Milano), Italy

TITL:Recombination mapping of some chromosome
1A-, 1B-, 1D- and 6B- controlled gliadins and low-
molecular-weight glutenin subunits in common
wheat

HTIL:THEOR. APPL. GENET.

HSSN:0040-5752

HYER:19970500

HCOL:vol. 94, no. 6-7, pp. 788-795

( 67)

ACCN:001852260 CTLN:4111123

ABSJ:G (Genetics Abstracts)

AUTH:Niwa, K.;Horiuchi, G.;Hirai, Y:

AFFN:Laboratory of Plant Breeding, Faculty of
Agriculture, Tokyo University of Agriculture,
Tokyo 156, Japan

TITL:Production and characterization of common
wheat with B chiromosomes of rye from Korea

HTIL:HEREDITAS

HSSN:0018-0661

HYER:19970000

HCOL:vol. 126, no. 2, pp. 139-146

( 68)

ACCN:001852668 CTLN:4111531

ABSJ:G (Genetics Abstracts)

AUTH:Ben Amer, I.M.;Korzun, V.;Worland,
A.J.;Boerner, A.

AFFN:Institut fuer Pflanzengenetik und
Kulturpflanzenforschung (IPK), Corrensstrasse
3, D-06466 Gatersleben, Germany

TITL:Genetic mapping of QTL controlling tissue-
culture response on chromosome 2B of wheat
(Triticum aestivum L.) in relation to major genes
and RFLP markers

HTIL:THEOR. APPL. GENET.

HSSN:0040-5752

HYER:19970600

HCOL:vol. 94, no. 8, pp. 1047-1052

( 69)

ACCN:0018538364 CTLN:4112227

ABSJ:G (Genetics Abstracts)

AUTH:Hanusova, R.;Bartos, P.;Zeller, F.J.

AFFN:Res. Inst. Crop Prod., Drnovska 507, CZ-161
06 Praha 6-Ruzyne, Czech Rep.

TITL:Characterization of the suppressor gene of
powdery mildew resistance gene Pm8 in common
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HTIL:J. APPL. GENET.:

HSSN:1234-1983

HYER:19970000

HCOL:vol. 38, no. 1, pp. 11-17

( 70)

ACCN:001853741 CTLN:4112647

ABSJ:N (Biochemistry Abstracts 2: Nucleic Acids);
G (Genetics Abstracts)

AUTH:Gana, J.A.;Sutton, F'.*;Kenefick, D.G.

AFFN:Plant Sci. Dep., Box 2108, South Dakota State
Univ., Brookings, SD 57007, USA

TITL:cDNA structure and expression patterns of a
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Editorial remarks

Time has come for the 9th International Wheat Genetics Symposium at Saskatoon, Canada. The
symposium (Aug.2-7) involves 8 oral and 3 poster sessions with workshops and field trip. The
detail information can be obtained through the internet (http://www.usask.ca/agriculture/cropsci/
winter-wheat/9th-iwgs/acc.htm/), or the latest issue of WIS, WIS will open an information desk
in the lobby during the symposium. Let's enjoy to communicate each other and learn research
progress from wheat colleagues.

In the present issue, we are glad to have a good-timing report by Dr. D. R. Knott, co-chairperson
of the 9th IWGS, reviewing production and research of wheat in Canada. Also, the efforts by Drs.
McIntosh and others on the catalogue of gene symbol (1998 suppl.) should be thanked, which will
guarantee, for sure, the success of 9th IWGS.

In the symposium, it is also timely and important to have a workshop on "Global wheat
genetic resources networks and conservation of wheat experimental genetic stocks" in the evening
of Aug. 8. Since genetic erosion of landraces and wild species has been serious in worldwide
scale, and since the genetic stocks have become one of critical bases for the research especially
under the modern advancement of molecular techniques, we should not compete but cooperate
for conservation of these materials by overcoming narrow-sense nationalism. Issues to be discussed
should be sent to Dr. T. Endo (organizer of the workshop) through e-mail; endo@kias.kyoto-u.ac.jp.

Recent volumes of WIS have published informal research information, research proposal,
materials or methods as Research Information. The articles are not reviewed, but because of
space limitation and for the journal qualification, we have to select among the contributions. The
style format for Research Information is not fixed but follow the instructions in the front page
(within two printed pages).

During last years, proportion of acceptance for the research articles (reviewed by members of
editorial board) is about 60%. The most of rejected ones are because of regional reports of variety
performance, but not for international-interest. For these cases, I would suggest to describe in
your manuscript why your research or trial is important internationally to be published. Please
keep in mind to contribute to international advancement of wheat genetics.

Thank you also for many describers for their financial contribution to WIS, The contributors
will receive a beautiful card of receipt.

See you in midland of Canadian wheat in August.

T.S. (Secretary of WIS)
PS: A photo of the article by J. Schulz-Schaeffer in the previous issue No. 8¢ was not clear in
print. Please substitute the attached sheet page 21-22 of No. 86.
' 5
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