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ABSTRACT : Selecting the explant genotypes is crucial step in in-vitro culture and Agrobacterium-mediated transformation
system due to its host range specificity. Poor tissue culture performance is restricting the number of wheat genotypes that can be
stably transformed. Response of fourteen cultivars of winter wheat (7riticum aestivum L.) to immature embryo culture, callus
production and plant regeneration was evaluated. A significant (p < 0.05) genotypic difference in callus induction frequency was
observed ranging between 45% (cv. Siirak) and 99.54% (cv. Bobwhite) of the cultured explants. Plant regeneration through somatic
embryogenesis was observed from calli of all 15 cultivars after a 4-week callus induction period. Genotypes with the highest
number of plantles per cultured embryo were Sivas-111/33 (8.66), Kirag-66 (7.36), Haymana 79 (6.77) and Conkesme (6.56). Four
winter wheat genotypes, ‘Sivas-111/33, Kirac-66, Haymana 79, and Conkesme’, have been selected for initial Agrobacterium-
mediated transformation experiments due to their high regeneration potentials.
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Tiirkiye’de Yetistirilen Bazi Kislik Bugday Cestilerinin Olgunlasmamis Embriyo Kiiltiiriine
Verdiklerin Cevaplarin Belirlenmesi

OZET : Agrobacterium kaynakli gen aktarimu ve in vitro kiiltiir calismalari igin kullamlacak eksplant genotipin segimi énemli bir
adimdir. Diisiik doku kiiltiirii performansi, stabil gen aktarilabilecek bugday genotiplerin sayisini sinirlamaktadir. 14 kislik bugday
¢esitinin  olgunlagmamis embriyo kiiltiirii, kalus {retimi ve bitki rejenerasyonuna tepkisi degerlendirilmistir. Kiiltiire
alinaneksplantlarin kallus olusum frekans: %45 (cv. Siirak) ve % 99.54 (cv. Bobwhite) arasindaki oranlarda gézlenmis ve genotipik
farklilik 6nemli olmustur. Somatik embriyogenesis araciligiyla bitki rejnerasyonu 4 haftalik kallus olusum periyodundan sonra tiim
¢esitlerin kalluslarinda goriilmistiir. Kiiltiire alinan embriyo basina en yiiksek bitkicik sayis1 Sivas-111/33 (8.66), Kirag-66 (7.36),
Haymana 79 (6.77) and Conkesme 79 (6.56) gesitlerinde meydana gelmistir. Dort kislik bugday genotipi (Sivas-111/33, Kirac-66,
Haymana 79, and Conkesme) yiiksek rejenerasyon potansiyeline sahip olmalar1 nedeniyle Agrobacterium araciligiyla gen aktarim

calismalarinda kullanmak igin seg¢ilmistir.

Anahtar Kelimeler :

INTRODUCTION

One of the critical aspects of successful plant
transformation in vitro is the ability to form tissues
suitable for transformation and to regenerate whole
plants from the transformed tissue. Wheat (7riticum
aestivum L.) immature embryos have been
determined to be most efficient tissue source to
regenerate whole plants in large numbers
(Ahloowalia 1982, Sears and Deckard 1982, Ozias-
Akins and Vasil 1982) and are used extensively in
genetic transformation studies of wheat (Weeks et al.
1993, Cheng et al. 1997, Haliloglu and Baenziger
2003).

Significant contributions can be made to wheat
improvement, when the potential offered by genetic
transformation is combined with the success of
conventional breeding techniques. The first step
coupling transformation with conventional breeding
is the identification of elite genotypes suitable for
transformation that can be used as a parent.
Transformation requires the development of an
efficient callus initiation, transformation,
regeneration system, and ideally, for wheat breeding,
parents should be of the same growth habit and

market class, and have similar adaptation genes.
Many studies (Sears and Deckard 1982, Mathias and
Simpson 1986, Haliloglu et al. 2005) have reported
that the explant genotype plays an important role in
callus induction, maintenance and regeneration from
immature embryos.

The purpose of our study was to identify
responsive genotypes for immature embryo culture
by screening fourteen current winter wheat genotypes
grown in Turkey. From our study, successful
genotypes were identified and will be used for
Agrobacterium mediated genetic transformation
experiments.

MATERIALS AND METHODS

Plant materials

Fourteen winter wheat (Triticum aestivum L.)
cultivars obtained from the various Seed and Plant
Improvement Institutes, Turkey, (Table 1). A spring
wheat “Bobwhite” was used as a control. Cultivars
were grown in Experimental Field of Ataturk
University. Same number of spikes were harvested
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and used in each treatment in the following
experiments.
Immature embryo culture

Immature caryopses were collected from the
plants 14 days after anthesis. Immature embryos
were dissected aseptically and cultured on a
semisolid callus initiation medium which was a CM4
medium (Zhou et al., 1995) with 100 mg L™ ascorbic
acid (CM4C). Full strength (the original amounts) of
MS salts (Murashige and Skoog, 1962) was used in
the CM4C medium. Explants were cultured at 25 'C
in the dark, and 30 days later, the callus induction,
callus weight and somatic embryo formation was
measured. Callus development during induction and
initiation was periodically monitored.

Regeneration response was compared after a 4 or
8-week callus induction period including no or one
subcultures respectively. For regeneration, calli were
transferred onto regeneration medium (full strength
MS salt and vitamins without 2,4-D) with 40 g/l
maltose, solidified with 0.25% Gelrite and the pH
adjusted to 5.8 prior to autoclaving. Cultures were
kept under fluorescent light with 15000 Ix and 16 h/8
h light/dark cycle. Twenty days after transfer to
regeneration conditions the number of shootlets ca.
1.5 cm in length or longer was recorded. Shootlets of
this size normally develop into mature plants if
separated and propagated individually.

Statistical analysis

Experiment was carried out using Completely
Randomized Design (CRD) with 4 replications of 25
embryos per plate. The callus formation percentage
was calculated as the number of embryos forming
callus as a percentage of cultured embryos. The
percentage of embryogenic calli was evaluated as the

number of calli producing somatic embryos as a
percentage of the total number of calli induced. The
number of plantlets per cultured embryo resulted
from the total number of regenerated plantlets
divided by the number of cultured embryos. Analysis
of variance and the Waller-Duncan K-ratio #-test
(Waller and Duncan, 1969) were used to compare the
means. SAS/PC statistical program was used for all
computations (SAS Institute Inc. 1996).

RESULTS

Immature embryos of 14 current Turkish winter
wheats and the tissue culture model cultivar
Bobwhite were produced from four plots of
completely randomized donor plants. Callus could be
induced from immature embryos of all of the
evaluated 15 winter wheats. A significant (p<0.05)
genotypic difference in callus induction frequency
was observed ranging between 45% (cv. Siirak) and
99.54% (cv. Bobwhite). Winter wheat genotypes, Tir,
Sabalan, Hawk and Sivas-111/13 followed the
Bobwhite; they were equal and highly responsive
genotypes to callus formation (Table 1). On the other
hand, genotype with the lowest callus formation was
Siirak (45%). The genotypic difference in callus
regeneration frequency (as a percentage of
embryogenic calli induced) and in the number of
regenerated plantlets per cultured explant was highly
significant (p < 0.01). With regeneration initiated
after a 4-week callus induction period, percentage
embryogenic calli formation ranged between 45.17%
(cv. Hawk) and 91.28% (cv. Sivas-111/33). Twelve
genotypes gave a minimum of 60% regeneration
potential (Table 1). A value of 60% for regeneration
potential was chosen as a minimum since genotypes

Table 1.  In vitro response of 14 current winter wheat cultivars grown in Turkey in comparison to model
genotype (Bobwhite) with regeneration initiated after 4-week callus induction period

Cultivars Callus formation Callus fresh Embryogenic Plantlets per
(%) weight (mg) calli (%) cultured embryo

Bobwhite 99.54 7 45571° 99.75 ¢ 1525°
Sivas-111/33 81.76 “¢ 26.412°¢ 91.28°¢ 8.66 ¢
Kirag-66 63.57 '™ 21.125 ¢ 84.30 7.39 %8
Haymana 79 69.82 1 18.333 &' 86.89 6.77 <"
Conkesme 62.46 ™ 21811 % 88.89 ¢ 6.56 ™
Sabalan 84.82 P 22.067 ¢ 82.60 & 5.54 &%
Lancer 67.87 &F 15.500 ™ 76.77" 5.34 ¢

Tir 85.23 ™™ 26.783 ¢ 73379 4,887
Aytin-97 70.47 ¢ 22.778 " 64.51 ™" 4.06
Karasu-90 64.00 ™ 25.383 ¢ 67.24" 3.72™
Harmankaya 60.49 " 32.488 © 64.04 ™ 3.20™

Siizen 70.57 <3 112921 56.47" 2.54 71

Siirak 45.00 ° 25.296 ©¢ 64.10™ 2.08 97

Hawk 84.14 °* 11.316 " 45.171¢ 1.77™

Kirik 62.17™ 33.360 ® 45.80 9 1.32°%

*The same letters within the same column are not significantly different.
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with values less than this are likely to produce low
numbers of plants after transformation. Two
genotypes; Kirik and Hawk demonstrated poor
embryogenic calli formation and had less than 60%
regeneration potential. Plant regeneration through
somatic embryogenesis was observed from calli of all
14 winter wheat after a 4-week callus induction
period. Number of plantles produced per embryo was
greatly influenced by genotypes (p<0.01) and ranged
from 1 to 15. Genotypes with the highest number of
regenerated plantles per embryo were Bob White
(15.25), Sivas-111/33 (8.66), Kirag-66 (7.36),
Haymana 79 (6.77) and Conkesme (6.56).

There were also significant differences among
genotypes based on callus fresh weight (p < 0.01).
Genotype with the highest callus weight was
Bobwhite (45.57 mg). Genotypes having the lowest
callus weight were Hawk (11.31 mg) and Siizen
11.29 mg).

Genotypes reduced the number of regenerated
plantlets by 8-100%, when the callus induction
period was extended from 4 to 8 weeks. Table 2

K Haliloglu, 1.Bezirganoglu, M.Aydin, M.Tosun, E.Sahin

summarizes the number of plantlets produced per
embryo cultured after 4 and 8 weeks callus initiation
period and percentage reduction in plantlets
regeneration after 8 weeks callus initiation period.
Genotypes which produced more than 1 plantlet per
cultured of embryo after an extended (8 weeks)
callus initiation period were four winter wheats;
Sivas-111/33 (5.42), Kirag-66 (4.80), Haymana 79
(1.50), Conkesme (1.20) and one spring wheat
(model genotype) Bobwhite (13.20 plantlets per
cultured embryo). These four winter wheat genotypes
have been selected for initial Agrobacterim-mediated
transformation experiments due to their high
regeneration potentials. Five genotypes; Sabalan,
Lancer, Tir, Aytin-97, and Karasu-90 were produced
less than 1 plantlets per cultured embryo after an
extended (8 weeks) callus induction period, while
five genotypes; Harmankaya, Siizen, Siirak, Hawk,
and Kirik completely lost their regeneration potential
and they did not produce any plantlets when the
callus induction period was extended from 4 to 8
weeks.

Table 2. Comparison of 4-week and 8 week callus induction period (CIP) based on regenerated plantlets per

cultured embryo

Genotypes Plantlets per cultured | Plantlets per cultured Reduction in plantlets
embryo (4 week CIP) embryo production (%)
(8 week CIP)
Bob White 15.25 13.20 13.44
Sivas-111/33 8.66 5.42 37.41
Kirac-66 7.39 4.80 35.05
Haymana 79 6.77 1.50 77.84
Conkesme 6.56 1.20 81.71
DISCUSSION all genotypes analyzed. The callus induction

In order to efficiently complement traditional
wheat breeding with genetic transformation
technology it will be desirable to introduce
transgenes into the ideal genetic background. The
number of wheat genotypes that can be stably
transformed is limiting this approach mainly due to
poor tissue culture performance (Takumi and
Shimada, 1997). Variation for tissue culture
performance in wheat is largely genetically
controlled (Shimada 1978, Sears and Deckard 1982,
Carman et al. 1988, Redway et al. 1990, Fennell et al.
1996, Machii et al. 1998, Viertel et al. 1998, Barro et
al. 1999, Aydin et al. 2011). Consequently, our
objective was to identify current winter wheats
grown in Turkey with excellent tissue culture
performance.

Fourteen current winter wheat cultivars grown in
Turkey (Tables 1 and 2) were evaluated for tissue
culture response from immature embryo explants.
Regenerable callus cultures could be initiated from

frequency of cultured embryos ranged between 45%
(cv. Siirak) and 99.54% (cv. Bobwhite). Somatic
embryogenesis of induced calli ranged between
45.17% (cv. Hawk) and 99.75% (cv. Bobwhite).
Significant genotypic differences were observed for
callus induction and somatic embryogenesis.
Statistical ~analysis revealed that the best
differentiation parameter between genotypes in our
experiments was the number of regenerated plantlets
per cultured explant. Viertel et al. (1998) also found
this parameter as most conclusive for the comparison
of regeneration potential in spring wheat.

It is known that in vitro responses are genotype
dependent (Maheshwari at al. 1995, Ahloowalia et al.
1982, Carman et al.1988, Haliloglu et al. 2005) and
our results agreed with this finding. Maddock et al.
(1987) found that embryo formation and shoot
regeneration varied from 12% to 96% in 25 cultivars.
He et al. (1990) reported that production of plants
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from embryogenic and nonembryogenic calli were
genotype dependent.

On the same medium, some genotypes formed
embryogenic calli and regenerated plantlets while
others produced less embryogenic calli and were
incapable of regeneration. This variation in genotypic
response on the same medium indicates that there are
genetic components controlling traits related to callus
formation and plantlets regeneration as have been
suggested by others (Galiba et al. 1986, Mathias and
Fukui 1986, Kaleikau et al. 1989). Studies on
ND7532 wusing monosomic analysis identified
homoelogous group 2 chromosomes, in particular
chromosome 2D, contained genetic factors
promoting regenerable callus formation and callus
growth rate (Kaleikau et al. 1989). Analysis of
immature embryo cultures derived from 4B
chromosome substitution lines has indicated that
homoeologous group 4 chromosomes, specifically
chromosome 4B, influence regenerative capacity
(Mathias and Fukui 1986). Kaleikau et al. (1989)
assessed the significant differences between the
aneuploid lines of group 2 chromosomes and the
euploid control for the expression of both regenerable
callus formation and callus growth rate. They further
speculated that the location of a major regulatory
gene controlling the expression of tissue culture
response genes might be on chromosome 2BL.
Mathias and Atkinson (1988) suggested that allelic
variation in wheat at the Rth/Gai gene (reduced
height/gibberellic acid insensitivity) may effect callus
growth, somatic embryogenesis and plant
regeneration via an effect on hormonal metabolism.

The majority of genotypes reduced the number
of regenerated plants significantly when the callus
induction period was extended from 4 to 8§ weeks
(Tables 2). A decline in regeneration potential of
wheat with extended callus culture periods was also
described by Fennell et al. (1996) and might be at
least partially due to the mutagenic effect of the
auxins (Deambrogio and Dale 1980, Murata 1989).
Therefore, a short callus culture period seems to be
important for the successful transformation of a wide
range of current wheats.

The purpose of this study was to identify wheat
genotypes with the highest potential for regeneration
and select the best lines for Agrobacterium- mediated
transformation experiments. Four genotypes, ‘Sivas-
111/33, Kirac-66, Haymana 79, and Conkesme’,
have been selected for initial Agrobacterim-mediated
transformation experiments due to their high
regeneration potentials.

Explant genotypes still restrict the application of
Agrobacterium-mediated transformation due to its
host range specificity. Boulton et al. (1989) found
that agroinfection of maize was essentially genotype
dependent. Similarly, spring wheat was favored by
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Mooney et al. (1991). Therefore, this study takes the
first step towards finding the better genotypes that
have good response to in-vitro culture and will serve
the better genotypes to be used in transformation
studies to overcome the Agrobacterium host
specificity barrier.

Yield lag is a concern in production of
transgenic crops and results when new transgenic
cultivars yield less than newer elite cultivars. Yield
lag is due to the time required for backcrossing
transgenes into elite cultivars. In  wheat
transformation, there are only few cultivars that have
been extensively used for transformation due to their
good response to tissue culture (e.g. Bobwhite).
Therefore, quite long time is required to transfer the
transgenes into elite winter lines by means of
classical breeding methods such as backcrossing. By
the time the transgenic cultivar is released, there are
new cultivars, which have higher yield.

In this study, we focused on screening the
cultivars used in our breeding program to serve as an
explant in our transformation efforts in order to
overcome the yield lag problem of transgenics and
gain time by reducing the backcross procedure. In
this research, we identified winter wheat cultivars
that may be suitable for transformation.

Acknowledgement

This research was supported by Research Fund
of Ataturk University, Erzurum, Turkey, contract no.
BAP-2003/23.

LITERATURE CITED

Aydin, M., M. Tosun, K. Haliloglu, 2011. Plant regeneration in
wheat mature embryo culture. African Journal of
Biotechnology. 10(70): 15749-15755.

Ahloowalia, B.S., 1982. Plat regeneration from callus culture in
wheat. Crop Sci. 22: 405-410

Barro, F., A. Martin, P.A. Lazzeri, P. Barceld, 1999. Medium
optimization for efficient somatic embryogenesis and plant
regeneration from immature inflorescences and immature
scutella of elite cultivars of wheat, barley and tritordeum.
Euphytica 108:: 161-167.

Boulton, M.I., H. Steinkellner, J. Donson, P.G. Markham, D.I.
King, K.W. Davis, 1989.: Mutational analysis of the virion-
sense genes of maize streak virus. J. Gen. Virol.: 70: 2309-
2323.

Carman, J.G., N.E. Jefferson, W.F. Campbell, 1988. Induction of
Embryogenic Triticum aestivem L. calli. I. Quantification of
genotype and culture medium effects, Plant Cell Tiss. Organ
Cult. 10: 101-107.

Cheng, M., E. Joyce, S. Pang, H. Zhou, C.M. Hironaka, D.R.
Duncan, T.W. Conner, Y. Wan, 1997. Genetic
Transformation of Wheat Mediated by Agrobacterium
tumefacience. Plant Physiol. 115: 971-980.

Deambrogio, E., P.J. Dale, 1980. Effect of 2,4-D on the frequency
of regenerated plants in barley and on genetic variability
between them. Cereal Res. Commmun. 8: 417-423.



Fennell, S., N. Bohorova, M. Ginkel, J. Crossa, D. Hoisington,
1996. Plant regeneration from immature embryos of 48 elite
CIMMYT bread wheats, Theor. Appl. Genet. 92: 163—169.

Galiba, G., G. Kovacs, J. Sutka, 1986. Substitution analysis of
plant regeneration from callus culture in wheat. Plant Breed.
97:261-263.

Haliloglu, K., P.S. Baenziger, 2003. Agrobacterium tumefaciens
mediated ~ wheat  transformation. = Cereal  Research
Communications 31: 9-16.

Haliloglu, K., A. Ozturk, M. Tosun, and S. Bulut, 2005.
Relationship between tissue culture and agronomic traits of
winter wheat. Cereal Res. Commun. 33,469-476.

He, D.G., T.M. Yang, J. Bertram, K.J. Scott, 1990. The
histological development of the regenerative tissue derived
from cultured immature embryos of wheat. Plant Sci. 68:
103-107.

Kaleikau, E.K., R.G. Sears, B.S. Gill, 1989. Control of tissue
culture response in wheat (7riticum aestivum L.) Theor.
Appl. Genet. 78: 783-787.

Machii, H., H. Mizuno, T. Hirabayashi, H. Li, T. Hagio, 1998.
Screening wheat genotypes for high callus induction and
regeneration capability from anther and immature embryo
cultures. Plant Cell Tissue Organ Cult. 53: 67-74.

Maddock, S.E., V.A. Lancaster, R. Risiott, J. Franklin, 1987.
Plant regeneration from cultured immature embryos and
inflorences of 25 cultivars of wheat. Exp. Bot. 34: 915-920.

Maheshwary, N., K. Rajyalakshmi, K. Baweja, S.K. Dhir, C.N.
Chowdhry, S.C. Maheshwary, 1995. In vitro Culture of
Wheat and Genetic Transformation- Retropect and Prospect.
Critical Reviews in Plant Sciences 14: 149-178.

Mathias, R., E. Atkinson, 1988. In vitro expression of genes
affecting whole plant phenotype. The effect of Rht/Gai
alleles on the callus culture response of wheat (Triticum
aestivum L. em. Thell). Theor. Appl. Genet. 75: 474-479.

Mathias, R.J., K. Fukui, 1986. The effect of specific chromosome
and cytoplasm substitutions on the tissue culture response of
wheat (Triticum aestivum) callus. Theor. Appl. Genet., 71:
797-800.

Mathias, R.J., E.S. Simpson, 1986. The interaction of genotype
and culture medium on the tissue culture responses of wheat
(Triticum aestivum L.) callus. Plant Cell Tiss. Org. Cult. 7:
31-37

K Haliloglu, 1.Bezirganoglu, M.Aydin, M.Tosun, E.Sahin

Mooney P.A., P.B. Goodwin, E.S. Dennis, D.J. Liewellyn, 1991.
Agrobacterium  tumefacience-gene transfer into wheat
tissues. Plant Cell Tiss. Org. Cult. 25:.209-218.

Murashige. T., F. Skoog, 1962. A revised medium for rapid
growth and bioassays with tobacco tissue cultures. Physiol.
Plant., 15: 473-497.

Murata, M., 1989. Effect of auxin and cytokinin on induction of
sister chromatid exchanges in cultured cells of wheat
(Triticum aestivum L.). Theor. Appl. Genet. 78: 521-524.

Ozias-Akins, P., LK. Vasil, 1982. Plant regeneration from cultred
immature embryos and inflorescences of Triticum aestivum
L. (wheat) evidence for somatic embryogenesis. Protoplasma
110: 95-105.

Redway, F.A., V. Vasil, LK. Vasil, 1990. Characterization and
regeneration of wheat embyogenic cell suspension cultures,
Plant Cell Reports 8: 714-718.

SAS Institute Inc., 1996. SAS/STAT Software. Changes and
Enhancements Through Release 6.11. SAS Institute, Cary,
NC.

Sears, R.G., E.L. Deckard, 1982. Tissue culture variability in
wheat. callus induction and plant regeneration. Crop Sci. 22:
546-550.

Shimada T., 1978. Plant regeneration from the callus induced from
wheat embryos. Jpn. J. Genet., 53: 379-385.

Takumi S., T. Shimada, 1997. Variation in transformation
frequencies among six common wheat cultivars through
particle bombardment of scutellar tissues. Genes Genet. Syst.
72: 63-69.

Viertel K., A. Schmid, M. Iser, D. Hess, 1998. Regeneration of
German spring wheat varities from embryogenic scutellar
callus. J. Plant Physiol. 152: 167-172.

Waller R.A., D.B. Duncan, 1969. A Bayes rule for the symmetric
multiple comparison problems. J. Am. Stat. Assoc. 64:1484-
1503.

Weeks J.T., O.D. Anderson, A.E. Blechl, 1993. Rapid production
of multiple independent lines of fertile transgenic wheat
(Triticum aestivum), Plant Physiology. 102:1077-1084.

Zhou H., J.W. Arrowsmith, M.E. Fromm, C.M. Hironaka, M.L.
Taylor, D. Rodriguez, M.E. Pajeau, S.M. Brown, C.G.
Santino, J.E. Fry, 1995. Glyphosate-tolerant CP4 and GOX
genes as a selectable marker in wheat transformation. Plant
Cell Rep., 15:159-163.

25



