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Preface

fhere is great potential for biotechnology as a tool in crop breeding. Despite the risk
in such up-,tream research. many plant breeders are becoming more involved in this
,,,irk to facilitate the rapid exploitation of new techniques. Genetic manipulation of
plants involving tissue culture. re;;triction fragment length polymorphisms. isozymes.
and incorporation of genes from wild species is creating a meteoric revolution for plant
breeders.
Tn keep abreast of the rapid developmenh in this field. nearly 50 participants from
developed and developing countries attended the Second International Symposium on
Genetic \fanipulation in Crops at the International Maize and Wheat Improvement
Center (CIMMYT). El Bat.in. Mexico. August 29-31. l 988. This meeting was a
follow-up to the First International S] mposium on Genetic Manipulation in Crops held
Oct. 22-26. l YX-L in Beijing. China.
The fir>t sympo-;ium. which essentially reviewed genetic manipulation work up
through l 98..J.. was sponsored by Academia Sinica and the International Rice Research
ln.stitute ( lRRI J. The fir-,t meeting was so .succe.s;;ful that it prompted CIMMYT to join
.-\.cademia Sinica .md IRR! in co-sponsoring the sewnd symposium.
The second S) mposium provided the opportunity to analyze research achievements
since l 98+-hence the title of these proceedings. Rl'l'icw of Ad1·ances in Plunt
Biorcd1110/o',.!r. / 985-88. The relatively small number of participants (compared to the
fir;;t symposium l permitted conferees to focus more sharply on research needs and
develop the collaborative mechanisms nece.ssary for charting broad pathways for \~ork
in this fkld into the future.
These proceeding;; start off with a keynote address that looks into the scientific.
-,ocial. economic. and ethical implication of genetic manipulation in crops. Following
this are a selected collection of 27 papers and 6 posters presented during the symposium
that uptfate current work in the discipline and review the literature in four specific areas:
I) anther culture and haploid breeding. 2) protoplast culture. somatic hybridization.
and transformation systems. J) distant hybridization: and -+) -;omatic embryogenesis

and somaclonal variation. A fifth session addressed international collaboration in
genetic manipulation of crop plants. Crops covered in these presentations include rice.
wheat. maize. barley. triticale. citrus. sugar beet. brassicas. tropical forage legumes.
cas~ava. and cotton.
It i~ the con,ensus of plant ~·reeders. geneticists. and other biologist~ working in crop
plant improvement that biotechnology hold' the most hope for rapid improvement of
crop planh. and for achieving the kinds of advances required for the sustained yield
increase' demanded in the face of an expanding world population and shrinking land
resources. Both CIMMYT and IRRl. currently developing their research strategie~
toward' the year 2000. found the ideas that emerged from this second symposium to
be ver~ useful in their program development.
It is n0w apparent that additional symposia on the subject of Genetic Manipulation
in Crops will he held. At this meeting. an organizing committee was fom1ed to start
planning for the third symposium. tentatively set for 1991 in Africa.
We take this opportunity to recognize other members of the Second Symposium
Organizing Committee. namely: Z.S. Li. H. Hu. and Q.Q. Shao from Academia Sinica:
and G.S. Khush from IRRI. We express gratitude to the staff of CJMMYTfor being our
gracious hoqs. and to the United Nations Development Programme. the Rockefeller
Foundation. the U.S. Agency for International Development. and the Third World
Academy of Sciences for their financial assistance. We thank Gene P. Hettel. science
writer/editor for CIMMYT Information Services. for editing these proceeding> and
coordinating their publication.
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The study involved assessment of some schemes for increasing the
probability of transfers of alien chromatin into the wheat genome in
wheat-alien hybrids. Backcross I (SCI) seed set, earlier a significant
constraint, has been obtained from ph1b or N5BT5-/Alien sp. F1
hybrids involving Aegilops species and rye cultivars making alien
introgression through allosyndetic pairing at F1 a viable procedure.
Another scheme deals with topcrossing the Triticum aestivum or T.
turgidum based F1 hybrids with T. turgidum or T. aestivum, respectively, in order to induce centromeric breakage and fusion of chromosomes. It has been successfully implemented in attaining advanced
derivatives from the initial cross. Modifications of these major
schemes were also initiated. Monitoring of the alien chromosomes in
the progenies was through application of cytological, morphological,
and biochemical markers. These have assisted in tile production of
several alien chromosome additions of Haynafdia viflosa, Agropyron
junceum, and Elymus giganteus in a T. aestivum background.

The wild relatives of wheat and other Triticeae have long been recognized as valuable
reservoirs of useful genes for the improvement of this important cereal (Feldman and
Sears 1981, Dewey 1984 ). Some of the barriers to interspecific hybridization have been
overcome, thus permitting exploitation of a small but significant part of this gene
source (Sharma and Gill 1983, Mujeeb-Kazi and Kimber 1985, Brar and Khush 1987,
Mujeeb-Kazi and Asiedu 1988a,b). Apart from the hybridization barriers, the major
limitation to introgression of alien genes into wheat has been the lack of pairing and
recombination between wheat and alien chromosomes (ter Kuile et al. 1987). While
pairing in wheat is influenced by a number of suppressor and promoter genes on
chromosomes 2, 3, 4, and 5 (Sears 1976, Kimber and Feldman 1987), the most potent
of the genes is well documented as the suppressor of homoeologous pairing (Ph) on
5BL ofTriticum aestivum and T. turgidum (Okamoto 1957, Riley and Chapman 1958)
although its mode of action is rather controversial (Feldman 1966, Driscoll 1979).
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In order to induce allosyndesis, it has been necessary to remove the 5B chromosome (Lacadena 1967, Koebner and Shepherd 1986), suppress the gene with an alien
genome. or use mutant lines of wheat (Sears 1984). Accessions of AcRilops spcltoides,
Ac. mutica. and Ac. hmRissima have been reported to show variability for ability to
suppress the Ph gene (Dover and Riley 1972, Chen and Dvorak 1984 ). Similar
promotion of heterogenetic pairing in wheat backgrounds has been reported for barley
(Fedak 1977) and rye (Lelley 1976, Dhaliwal et al. 1977, Dvorak 1977, Naranjo et al.
1979). Studies of a number of polyploid AeRilops species have not revealed Ph-like
genes in these species (Abu Baker and Kimber 1982, McGuire and Dvorak 1982,
Sharma and Gill 1986) even though the pairing systems in these species must be under
some genetic control (Gupta and Fedak 1985). In the absence of the Ph genes in wheat/
AeRilops hybrids, the AeRilops species may or may not influence homoeologous
chromosome pairing (Abu Baker and Kimber 1982, McGuire and Dvorak 1982).
Driscoll and Quinn ( l 970) reported variability among cultivars of T. aestirum for the
level of heterogenetic pairing following hybridization to Ae. variabilis.
The methods used for wheat-alien transfers include irradiation to induce translocations (Driscoll and Jensen 1964, Sharma and Knott 1966) induction of centromeric
breakage and fusion (May and Appels 1982, Lukaszewski and Gustafson 1983) and
induction of allosyndesis (Riley et al. 1968, Joshi and Singh 1978. Koebner and
Shepherd 1985, 1986). Driscoll (1968) proposed a combination of irradiation and
meiotic control for increased rate and specificity of wheat-alien transfers. Darvey
( 1984) later suggested the use of the ph mutant in direct hybridization with alien species
for the construction of an alien gene bank, but attempts by Sharma and Gill ( 1986) in
this direction were unsuccessful, while those ofter Kuile et al. ( 1987) were promising.
Many of the important traits desired from the alien species are not easy or cheap
to select for in the segregating populations, especially during early generations when
the populations need to be screened to avoid carrying too many unwanted families later.
Some of the complications are the lack of knowledge of the biochemical and genetic
control of the characters, heterogeneity of the breeding materials, sporadicity ofnatural
disease epiphytotics, environmental influence, the expense associated with artificial
infestations, and the large number of samples or plants required for efficient screening.
It is in this context that heritable and more easily identifiable characteristics, termed
markers, associated .vith the desired agronomic traits become an important consideration (see Diagnostic Markers in Wheat Wide Crosses in the Poster Section of these
Proceedings). Cusick and Mcintosh (1987) and Hart and Gale (1987), respectively,
have provided a linkage map of wheat and a listing of biochemical/molecular markers
currently available for wheat research. Miller and Reader ( 1987) have compiled many
of the morphological markers associated with specific homoeologous groups in the
Triticeae. Furthermore. the u~e of differential chromosome staining for recognition of
tramferred alien segment!- has been demonstrated (Gill and Kimber 1977.
Luka~Z\\e,ki and Gustafson 1983 I.
Our objective<- \\ere to evaluate and test several hybridization schemes for the
introduction of u~eful alien chromatin into wheat and to track such chromatin in the
\\heal background b) u~ing different markers in segregating populations.

\1ATERIALS A~D \lETHODS
The Jlien species used are listed in Table l. The A.:~llops Jccessions were originally
obtained from the Plant Breeding Institute (PB[), Cambridge. Seeds of Haynaldia
vlllosa and Thinopyrum distichum were obtained from E.R. Sears <Missouri. USA) and
R. Pienaar (South Africa). respectively. The L.:ymus and remaining Thinopyrnm
species were supplied by D.R. Dewey (Logan, Utah, USA). In addition to the
foregoing, several cultivars ofT. aestivum including 'Chinese Spring', its phi h mutant,
and nullisomic 58 tetrasomic 5A (or 5D) stocks andcultivars ofT. turgidum var. durum
were used. Seeds of the phi b mutant were provided by K. W. Shepherd (Adelaide,
Australia). All other cul ti vars used were from CIMMYT. Most of the alien species used
are known to have useful traits for wheat improvement.
Four crossing schemes were employed:
A. Hybrids were made between phi b orCSN5BT5- with all theAegilops species,
the S. cereale cultivars, Thinopyrum hessarahicum, and Thinopyrum junceiforme. Embryo rescue onto standard artificial medium was performed for the
hybrids involving the Thinopyrum species. The F 1 hybrids were backcrossed
to CS, phi b, and/or cul ti vars of T. aestivum and T. turgidum var. durum. All
backcross I (BCI) plants obtained were backcrossed to cultivars of T.
aestivum.
Table 1. Species of Triticum (Aegilops), Haynaldia, Leymus, Secale, and Thinopyrum
used in this study.
Species

Acc. No.•

T.
T.
T.
T.
T.
T.
T.
T.

macrochaetum (Ae. hiuncia/is)
lOA
dichasians (Ae. caudata)
16A
cylindricum (Ae. cylindrica)
170
cylindricum (Ae.cylindrica)
18A
juvena/e (Ae. juvenalis)
45A
tripsacoides (Ae. mutica)
24D
ovatum (Ae. ovata)
4E
neg/ecta (Ae. triaristata)
SF
T. triunciale (Ae. triuncialis)
15X
T. peregrinum (Ae. variahilis)
13E
T. syriacum (Ae. vavilovii)
41A
H. vi/losa
(ex Sears)
L. racemosus
Pl313965
S. cereale (cv. Elvon)
S. cerea/e (cv. Prolific)
S. cerea/e (cv. Semi-dwarf)
(ex Pienaar)
Thinopyrum distichum
Thinopyrum hessarahicum
Jaaska-11
Thinopyrum junceiforme
Pl4l4667
Thinopyrum scirpeum
(ex Dewey)
a
b

Accession number.
After Kimber and Feldman ( 1987) and Dewey ( 1984).

Genome"

Ploidy Level

UM

4X
2X
4X
4X
6X
2X
4X
4X
4X
4X
6X
2X
4X
2X
2X
2X
4X
2X
4X
4X

c
CD
CD
DMU
Mt
UM
UM
UC

us

DMS

v
JN

R
R
R
EIE2
J
JI J2
EIE2
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B. F 1 hybrids of CS with H. villosa (Mujeeb-Kazi and Bernard 1985) and
Thinopyrum bessarabicum (Mujeeb-Kazi et al. 1984, 1987) were backcrossed to ph I b and spikes of the progenies were bagged to ensure selfing (T.
aestivum/Alien//phl b Q).
C. Cul ti vars of T. turgidum var. durum were used as pollen parents for crosses
to F 1 hybrids of CS with Th. bessarabicum (Mujeeb-Kazi et al. 1984, 1987),
H. villosa (Mujeeb-Kazi and Bernard 1985) and L. racemosus (Mujeeb-Kazi
and Rodriguez 198 J), respectively. The resulting BCI progenies were backcrossed to cultivars of T. aestivum. An F 1 hybrid, T. turgidum cv. Memo/
Mexicali//Th.junceiforme (Mujeeb-Kazi and Bernard 1985), was also backcrossed to T. aestivum cv. Alondra/Pavon, i.e. T. aestivum/Alien//T. turgidum/3/T. aestirum and T. turgidum/Alien//T. aestivum.
D. An F 1 hybrid, T. turgidum cv. Altar 84/Th. scirpeum (Mujeeb-Kazi, unpublished), was topcrossed with phi b and the progeny was backcrossed to
cultivars of T. aestivum directly or after one cycle of selfing, i.e. T. turgidum/
Alien//phl b/3/T. aestivum.
These approaches were designed to: I) promote homozygosity for the phi b locus
after selfing the BCI in order to enhance recombination and 2) induce D genome and
alien genome translocations (Mujeeb-Kazi 1984).
All plants were grown in the greenhouse and authenticity of hybrids was checked
by root-tip counts (Mujeeb-Kazi and Miranda 1985) sometimes supported by Giemsa
C-banding and isozyme analyses. Spikes were fixed in Carnoy's solution and the
anthers were stained in alcoholic carmine and squashed in 2% acetocarmine for
obtaining data on the meiotic configuration at metaphase I. For analyses of isozymes
(Table 2), standard procedures forpolyacrylamide gel isoelectricfocussing (PAG.IEF)
and conventional electrophoresis on cellulose acetate orpolyacrylamide gel were used.
Esterase and malate dehydrogenase were stained according to Brown et al. (1978),
aconitate hydratase according to Jung et al. (1986), and the remaining enzymes
according to Vallejos ( 1983 ). All progenies were observed for characteristic morphological features.
Table 2. List of enzymes analyzed.
Enzyme

E.C. No.

Acid phosphatase
Aconitate hydratase
Alcohol dehydrogenase
Aspartate aminotransferase
E'terase
Glucosephosphate isomerase
Glucose-6-phosphate dehydrogenase
Malate dehydrogenase

3.1.3.2
4.2.1.3
I.I.I.I
2.6. l. J
3.1.l.2
5.3.J.9
l.l.1.49
l.1.1.37
2 7.5.1
l. l 1.4~
J. ! 1.2'.'

Phosphog Iucomutase
Pho;,phogluconate dehydrogenast
Shi~i11·1at(· deh~ d"~'~'t:.~~t

RESlLTS
The F, hybrids involving ~e-.;i!ops -;pecies more re~embled their Acgilaps parents in
~pike morphology. :ilthough a phenotypic co-dominJ.nce was apparent. All the F
1
hybrids with the CS stocks wae self-sterile. but many produced a few BCI seeds (Table
3 ). Backcross II (8Cll) seed set was generally much higher than BCI seed set-J.6qc.
I 0.6%. 20.5%. and 22.9qc for phi h/Ae. rnriahilis. N58T5A/Ae. hiuncialis, N5BT5/
r\e. rnriahi//s, and N5BT5A/Ae. cylindrica, respectively. Generally, chromosome
pairing was higher in ph 1h or N5BT5- x Alien hybrids than expected in the normal
respective wheat x Alien hybrids (Table 4). The only direct comparison involving
hybrids of Ae. rnriahilis with CS, ph I h, and N5BT5-. respectively, attests to this. The
chromosome numbers of the BCI plants were generally lower than those expected
when complete meiotic restitution of the female gametes is assumed (Table 5); a
variation trend consistent with earlier observations of BCI derivatives among several
intergeneric hybrids in the Triticeae (Jewell and Mujeeb-Kazi 1982; Mujeeb-Kazi and
Bernard 1985). As shown for the rye hybrids (Table 6), the BCI plants may have
different numbers of alien chromosomes. BCII or backcross Ill (BClll) plants are
currently available for all hybrids that were successfully backcrossed. Selfed progenies
from CS/H. vil/osa//ph I h and CS/Th. hessarahicum//ph I h will soon be screened for
selection of phi h homozygotes.
BCI progenies from topcrossing F, hybrids of scheme C had the expected
chromosome numbers assuming complete restitution of the female gametes. Those for
T. aestivum/T. hessarahicum//T. turgidum had 42 chromosomes associated as 14

Table 3. Backcross I (8CI) seed set on F, hybrids.
F1 hybrid
phlh/Ae. caudata
ph I h/Ae. juvena/is
phi h/Ae. mwica
phi h/Ae. ornta
phlh/Ae. triuncialis
ph I h/Ae. rnl'ilovii
phlh!Elvon rye
phlh/Prolific rye
ph I h/Semidwarf rye
phi h/Th. hessarahicum
ph I h/Ae. l'Griahilis
CS/Ae. variahilis
N5BT5-/Ae. rnriahilis
N5BT5A/Ae. hiuncia/is
N5BT5A/Ae. cy/indrica ( 180)
CS/Ae. cvlindrica ( 17 A)
N5BT5A/Elvon rye
N5BT5A/Ae. triaristata
N5BT5A/T. junceifi>rme

No. of florets
pollinated

No. of BCI
seeds

Percentage

250
2736
2954
612
414
1918
608
302
476
152
2058
1112
3452
582
1900
228
3560
1628
608

0
68
11
0
4
134
2
2
0
0
18
22
10
2
9
9
18
8
0

0.0
2.5
0.4
0.0
1.0
7.0
0.3
0.7
0.0
0.0
0.8
2.0
0.3
).3
0.5
4.0
0.5
0.5
0.0

seed set
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Table 4. Mean meiotic metaphase I chromosome association.
Plant Chromosome
Number Number I

Combination

Nulli 58 Tetra 5A/Elvon
Nulli 58 Tetra 50/
Ae. mriahilis
phi h/Ae. variahilis
Ald/Pvn//Ae. variahilis
Nulli 58 Tetra 5A/
Ae. triarisrara
phi h/Prolific rye
phi h/Ae. m1·i/ovii
phi h/Ae. ju1·enalis
phi h/Ae. umhel/ulata
phi h/Ae. mutica
phih/Ae. omta
Nulli 58 Tetra 5A/
Ae. hiuncialis

II'

Ilh

III

IV

v

87-3290

28

8.5

3.7

2.7

1.75 0.25

0.25

87-3313
87-77-8
87-247

35
35
35

8.8
9.5
27.6

2.7
1.6
0.1

7.0
7.2
3.3

0.85 0.35
2.1
0.25
0.2

0.08

87-274-1
87-3343
87-3868
87-3887
87-3385
87-3352
87-3349

35
28
42
42
28
28
35

11.2
7.7
17.9
19.2
7.5
6.7
10.0

0.7
5.6
3.0 3.2
0.05 7.4
1.6 5.0
1.8 4.2
1.9
3.0
1.9 4.8

2.8
2.2
1.83
2.32
0.09
1.81
2.22

87-3378

35

4.5

1.0

4.5

7.5

0.5
0.33
0.38
0.4
0.45
0.90
0.90

0.12 0.08
0.09
0.36 0.09
0.18 0.04

Table 5. Number of chromosomes of some backcross I (BCI) plants.
Number
of Plants

CS/Ae. variahilis//T. aesrirnm
N58T5A/Ae. rariahilis//
T. aesri1·um
phi h/Ae. mriahilis//
T. aesrfrum
phi h/Ae. mn'/ol'ii//T. aesrirnm
phi h/Ae. ju1·enalis//T. aesrirnm

J\:5BT:'A/EJ, on//CNO
~.'iBT5 t>JE.h on/ICS

41-58

51.5

56

17

36-59

40.9

56

9
56
25

37-42
40-48
41-47

39.0
42.8
43.2

56
63
63

f'h/h'Ehon•ICS

Chromosome number
Total

,,
'+J

Chromosome number
Mean
Expected

15

Table 6. Number of rye chromosomes
in backcross I (BCil plants.
Pedil-'ree

Range

Rye

4C;

;

4(!

~

0.04

0.13 0.04

• II= Ring bivalent.
h II= Rod bivalent.

Pedigree

VI

bivalents+- l4 univalents: \lujeeb-Kaz1 l q84J. Plants with different -;orn ..HK chromosome number5 resulted from the ~ubsequent backcross to T aestirnm cultivar;;; e.g .. 95
plants of CS/Th. hessaru/Jirnm//T. rw·,~idwn/3;T. aesrirnm had a mean of 41.8
chromosomes with a range of 35-50. There was a ~ignificant level of necrosis among
progenies of some of these crosses. the worst combinations of T. ttm?,idum/T. aestivum
for this being Altar 84/Yaco, Altar 84/Pavon, and Chen/Goshawk. Necrosis-free
combinations included Altar 84/Ciano 79. Yavaros//Mirlo/Buckbuck. and Yavaros//
Buckbuck/Bluejay. Progenies from another cycle of backcrossing to T. aestivum
cultivars are being analyzed. Owing to low self-fertility only four plants resulted from
selfing of the BCI plants of T. turgidum cv. Altar 84/Th. scirpeum//T. aestirnm cv.
Chinese Spring (phi b). The BCII plants produced directly have been bagged for
selfing.
Backcross derivatives from all schemes showed some segregation for characters
such as spike morphology, pubescence, presence of anthocyanin, isozyme patterns,
and the number of alien chromosomes when differential C-banding chromosome
staining was used for derivatives involving S. cerea/e, H. villosa, and l. racemosus.

DISCUSSION
These preliminary results show some of the alternative ways in which introgression of
alien genes into wheat may be accomplished. The demonstration of BCI seed set in F 1
interspecific and intergeneric hybrids involving the phi h mutant means wheat alien
recombination at F 1is a viable route for genetic exchanges. Indeed, when coupled with
embryo rescue techniques, more BCI progenies may be obtained as BCI seeds of
hybrids with Ae. ovata and Ae. caudata shrivelled and died on the parent plants. The
only accurate comparison of percent seed set involves Ae. variabilis where the CS/Ae.
variabilis F, set more BCI seeds than phi b/Ae. variabilis. This supports the hypothesis
of Sharma and Gill ( 1986) that there may be an influence of the ph mutant status on
restitution in female gametes. BCI seed set on N5BT5-/Ae. variabi/is and a rather rough
comparison for the situation of Ae. cylindrica where two different accessions were
involved suggest a similar role of the nullisomic 58 status. However, the number of
somatic chromosomes of some of the BCI plants seems to indicate that, for these plants,
BCI seed setting resulted not from restitution but from a process akin to a reduction
division in the female gametes possibly owing to the high level of chromosome
association at metaphase I. In the case of T. aestivum/Ae. juvenalis and T. aestivum/Ae.
vavilovii, this may have been coupled with some similarity of the D genomes of the
alien species with that of T. aestivum (Chapman and Miller 1978).
The low number of chromosomes in these plants may result in reduction in the
number of alien chromosomes at BCI. However, as shown in the BCI plants from
N5BT5A/Elvon, the total complement of alien chromosomes could be present even
when the total number of chromosomes for the hybrid is less than expected. Reduction
in the number of alien chromosomes may or may not be disadvantageous depending
on the number of plants obtained and whether or not the critical alien chromosome or
its segment is transmitted. So long as the critical alien segment is present in some of
the BCI progenies, the wheat aneuploidy can be corrected with backcrossing without
having to worry about disposing of many alien chromosomes. In the case of the hybrids
for which BCI seed set was unsuccessful, scheme B may be the alternative as proposed
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by Shanna and Gill ( 1986). However, it may be helpful to backcross the selected phi h
homozygotes, as well as the current progenies available from scheme B. to a cultivar
of T. turgidum var. durum. which would introduce uni valency of at least the D genome
chromosomes in order to enhance allosyndelic pairing before backcrossing again to T.
acstivum, unless there i~ sufficient desynapsis already.
Naturally cultivated wheat would be the most accessible source of genes for improvement of existing cul ti vars. When alien sources become necessary, the ease of hybridization to wheat. possibilities for wheat-alien chromosome recombination, and
ploidy level should be taken into account. Generally, these imply giving priority to
species that have genome similarities with cultivated wheat. Lower ploidy levels
would normally speed up the transfer as there would be less unwanted chromatin to
dispose of. Two further considerations in the decision to use an alien source are the
genetic control of the trait and it~ expression in a wheat background (Mujeeb-Kazi ct
al. 1987, Mujeeb-Kazi and Asiedu l 988a). Single genes are most suitable for transfer
from alien sources since only a small fraction of the alien genome is involved, thus
limiting inclusion of deleterious alien chromatin. Characters under complex or
multigenic inheritance may however be transferred if some of the genes have significant major effects leading to a reasonable expression of the trait after introduction of
a small section of the alien genome or by avenues of interspecific hybridization. i.e. T.
turgidum (AABB) or T. acstirnm (AABBDD) x T. tauschii (DD) (Mujeeb-Kazi and
Asiedu l 988a,b ).

CONCLUSIONS
The efficiency of introgressing alien genes could be increased with judicious use of
markers. For this purpose correlations should preferably be made as soon as practicable
between the presence of the various markers and the desired traits in the progenies.
Some of these may reveal close linkages between trait and marker loci or trail loci
flanked on both sides by marker loci. Once such reliable associations have been
established, screening for the markers may be substituted for screening for the
agronomic traits at some generations or may be used to reduce the populations to be
screened. This is especially so with markers that can be identified using endosperm
portions or sampling for analyses during early seedling stages. It must be remembered,
however, that just as there is an inverse relationship between genetic distance and ease
of hybridization, the application of markers is easier with wider hybrids.
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RESUMEN
El estudio incluy6 la evaluaci6n de algunos esquemas para incrementar la posibilidad
de transferir cromatina extraiia al genoma de trigo en hfbridos de trigo y especies
extraiias. La producci6n de semillas eTJ la generaci6n retrocruzada I (BCI), que antes
constituia una limitaci6n importante, se obtuvo de phlh ode los hfbridos F 1 de N5BT5/especies extraiias, que incluyen especies de Aegilops y variedades de centeno, con Jo
cual la incorporaci6n de genes extraiios mediante el apareamiento alosintetico en la
generaci6n Fl se convirti6 en un procedimiento viable. Otro esquema se refiere al
mestizaje de hfbridos F 1 basados en Triticum aestirum o T. turgidum con T. turgidum
o T. aesti,·um, respectivamente, con el fin de inducir la ruptura centromerica y la fusion
de Jos cromosomas. Se tuvo exito en la obtenci6n de derivados avanzados del
cruzamiento inicial; asfmismo, se pusieron en marcha modificaciones necesarias de
estos esquemas principales. La vigilancia de los cromosomas extraiios en las progenies
se llev6 a cabo mediante la aplicaci6n de marcadores citol6gicos, morfo16gicos y
bioqufmicos. que han participado en la producci6n de varias acumulaciones de
cromosomas extraiios de Haynaldia villosa, Agropyron junceum y Elymus giganteus
en una base de T. aestirum.

