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Rice is the primary source of food in many countries of the world and has
conducted many studies in order to improve breeding and rice production, especially in
the field of plant tissue culture. The aim of this study is to review some of the factors that
influence the induction of callus from rice seeds. Of these factors are that genotype and
explants source are important parameters in determining the success of rice plant
regeneration in tissue culture. The other factor plant hormones, like animal hormones,
are relatively small molecules that are effective at low tissue concentrations. The most
generally used plant hormones in tissue culture are cytokinins and auxins. Cytokinins
are derived from adenine and exert two immediate effects on undifferentiated cells: the
stimulation of DNA synthesis and increased cell division. Still studies dealing with the
induction of callus of rice and the factors influencing it, such as genotype and growth
regulators is not sufficient to reach the best results and therefore it must conduct more
studies on these factors in order to reach the best results that serve the breeding and
improvement of rice production in quality and quantity.
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Producing the rice (Oryza sativa L.)
production considered as the main basis of salary
for about onebillion peopleall over theworld and
deliversthe main food for about half of theworld
population (Daweat al , 2011) . Itisexpected that
itsdemand enhancesto about 35% by 2035 (FAO,
2002). By enhancing the world population, the
world’s requires 116 million tons more of milled
rice (GRiSP , 2010). By considering the
enhancements needs of rice, it is important to
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improve rice production procedure which
considered as a challenging task (Wassmann et
al, 2009). Conventional breeding considered
necessary to increase rice but development is
because of different obstacles (Wang et al ., 2005).
Plant tissue culture techniques considered as
important techniques for several academic
activities, particularly regarding the stress resist,
and also for several practical features of plant
science. Presently, regarding a matured tech-
nology, the methods are not merely applied for the
investigationsin plant molecular biology and gene
guidelinebut it isused to plant biotechnology and
molecular breeding. Callus, considered asaninitial
component in plant tissue culture which defined
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as an disorganised tissue mass growing on solid
substrate through the application of tissue culture
technology, which can form from several parts of
large intact plants (Mineo 1990). During callus
diversity, merely those highest and peripheral cells
in callus were stimulated into actively dividing
cells, and theamount of overall differencetypically
relies on the hormone balance of the support
medium and the physiological state of the tissue.
Among several elementsaffecting callusinduction
and renewal, genotype and nutrient mediastructure
considered as two major elements that decide the
fate of invitroraised cultures (Khannaand Raina,
1998). Plant hormones, like animal hormones, are
relatively small moleculesthat are effective at low
tissue concen- trations . The most usually applied
plant hormones in tissue culture are cytokinins
and auxins. In this study, researcher reviewed
different effects of the affecting factors for
stimulating the developments and the
establishment of callus.
Plant tissueculture

Plant tissue culture considered as the
group of methods applied for maintaining or
growing plant cells, tissues or organs below sterile
circumstances on a nutrient culture intermediate
of recognised composition. Plant tissue cultureis
usually applied for producing duplicates of aplant
atechnigue named micropropagation. Plant tissue
culture refers on the issue that several plant cells
usually have the capability for regenerating a
complete plant (totipotency) (Davey et al. 2005) .
In vitro cell and tissue- based scheme have
marvellous capability in central investigation and
for trade procedures like clonal propagation,
genetic engineering and manufacturing valued
metabolites (Neelakandan and Wang 2012 ) .
Improvement of tissue cultureisdirectly associated
to development in methods of protoplast, cell,
tissue and organ culture, followed by the
achievement in renewing entire plants out of the
cultured plant resources (Mustafa et al. 2011 ) .
The method has progressed fast during to several
years because of the widespread researches about
the challenges associated to fundamental and
practical features of plants. Information of tissue
culture has donated importantly for knowing the
issues related to development, metabolism,
diversity and morphogenesis about the plant cells
(Kérkdnen et al. 2011 ) . Plant tissue culture
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considered as the countless concentration to
molecular biologists, plant breeders and
manufacturers. The approaches of tissue culture
were applied asasignificant assistance for theold
approaches of plant development (Germana 2011
;Bhatti and Jha 2010 ) . They were applied to
produce genetically adapted greater clones, ex-situ
conservation of germplasm, pathogen free plants
and (Loyola-Vargasand Ochoa-Alegjo 2012 ; Sharry
et al. 2011 ). The benefits presented by tissue
culture in agriculture and overall plant
biotechnol ogy have well been witnessed by many
research labsand industries. Somaclonal irregular
strains from callus cultures are additional
equipment to old breeding for producing the
drought stressed resilient plants (Larkin and
Scowcroft 1981; Dix 1993; Ashraf 1994).
Presentation of the related genotype in in vitro
selection relies on its ability to in vivo cultures,
mainly to callus introduction and embryogenic
callus manufacture. Investigations identifies
several types that genotype influences plant inin
vitro culture reaction.
Definition of calluses

Plural callusesor calli refersto disorderly
parenchyma cells resultant from plant tissue
(explants) to be used biol ogical investigationsand
biotechnology. Regarding the plant biology, callus
cells refers to the cells which usually covers the
plant wound. Callus development isinduced from
plant tissues afterward surface sterilization and
plating onto in vitro tissue culture medium. Plant
development regulatorslike auxins, cytokinins, and
gibberellins, are usually complemented into the
medium for initiating callus formation or somatic
embryogenesis. Callus origination was described
regarding many plant taxonomic divisions (Collin
& Edwards, 1998).
Impact of several affectivefactorsregardingthe
Ricecallusinduction

Several factors caninfluence plant tissue
culturelike, genotype (Huang et al. 2002; Glowacha
et al. 2010; Park et al. 2011), exogenous and
endogenous hormones (Jime nez 2005; Barreto et
al. 2010; Sun and Hong 2010; Huang et al. 2012).
Genotypeand explantssource

According to several reports, genotype
and explants source considered as significant
elements for identifying being successful for
recreating rice plant intissue culture (Liuand Lia,



KADHIMI et a.:

1991). Zafar et al. (1992) achieved to the maximum
callus formation in basmati rice cv.370 on MS
medium accompanied with 2.0mg/l of 2,4-D.
Though, somatic embryogenesis was attained by
consuming M S medium added with 2mg/I from per
2,4-D and Kin. According to several reports, severa
factorsusually influences plant renewal amount in
rice; genotype, improvement step of calluses in
theexplants, hormonal arrangement of the medium,
carbohydrates basis, fractional drought or water
stress persuading treatments and other medium
extras (Saharan et al., 2004). llahi et al. (2005)
mentioned that callus of alocal diversity of rice
(Oryza sativa L. cv. Swat-11) was made and the
occurrence of callus induction was investigated
on modified MS medium by using different
combinations of 2,4-D and Kin, on the other hand,
they stated that by adding tryptophan to several
mixtures of auxinsand cytokinins, the embryogenic
callus mass would be increased and also callus
would be effectively multiplied on M S accompanied
with 1.0 mg/l of Kinand 0.5 mg/l of NAA. Khatun
et al. (2010) reported that genotype dependence
has significant rolefor different plant tissue culture
activities and studied on callus induction and
renewal potentials of twenty five rice cultivars
through in vitro micropropagation and another
culture.
Plant hormones

Plant hormones, alike animal hormones,
areusually minor moleculeswhich are operative at
low tissue concen- trations. The most frequently
used plant hormones in tissue culture refers to
cytokinins and auxins. Cytokinins are usually
extracted from adenine and exert two instant
propertieson undif- ferentiated cells: by stimulating
DNA synthesis and improved cell division (Ting
1982). Auxin and cytokinin are key elements of
shoot diversity in callus culture (Skoog et al. 1965;
Pernisova’ et al. 2009; Su et al. 2009; Cheng et al.
2010; Vanneste and Friml 2009; Zhao et al. 2010).
Additionally, although ABA refersto an inhibitor
of plant development, when it acts with related
PGRs, would have positive consequences on
plantlet growth (Rai et al. 2011; Huang et al. 2012).
In earlier investiagtions, endogenous auxin, zeatin
and ABA wereat highlevelsin extremely generable
ricecallus(Liuand Lee 1996; Huang et al. 2012).
Auxin could be the most important element for
monitoring cell diversity (Petra’ sek and Friml 2009;
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Rademacher et al. 2012). In earlier investigation it
isfound that endogenous auxin levelsinrice calli
can play pivotal roles throughout shoot renewal
(Huang et al. 2012). Though, the way endogenous
auxin variations can influence the effects of
generablecalli induction and shoot renewal isstill
unidentified. Auxins are indole or indole-like
mixturesthat stimulate cell growth, especially cell
elongation that has been known that plant
hormones works in association to each other and
not separately, in planta(Mineo 1990). Intheinitia
stage of plant tissue culture growth, Skoog and
Miller (1957) mentioned that by absorptions of
auxin and cytokinin in mediawe can identify the
type of organogenesisthat happened in callusand
tissue cultures. Present knowledge of the
mechanisms of cytokinin. and auxin action at
molecular level and their syn- thesis sites and
supplies through the plant causes large operation
of endogenous cytokinin and auxin levels by both
use of exogenous cytokinin and auxin (Davies
1987; Mohnen et al. 1990; Brancaet al. 1991) or
the appearance of cytokinin/auxin biosynthesis
transgenes (Smigocki and Owens 1989; Aoyama
and Chua 1997; Kunkel et al. 1999; Sakai et al.
2000; Werner et al. 2003), and description of single
gene mutants (Sakai et al. 2001; Friml et al. 2002).
However our knowledge about molecular
information in cytokinin and auxin regulation in
planta improved, our information about
biochemical and molecular events underlying the
cytokinin/auxin regu- lating callus diversity of
tissue culture are very insufficient, Although
considered informationis vital for illuminating the
framework of theintracellular signal transduction
trail from the insight of cytokinin/auxin to
transcriptional regulation of primary cytokinin/
auxin-responsive genes in planta. Those
observations happened inricecalli (Nishimuraand
Maeda 1977; Abe and Futsuhara 1985; Jones and
Rost 1989; Mendoza and Futsuhara 1992;
Sangduen and Klamsomboon 2001; Vegaet al. 2009)
regarding the observation of callus alignment,
somatic embryogenesis, and plant renewal, but
were no done in the initial steps of callogenesis,
that considered as an essential subject as thisis
considered a crucial stage for producing
embryogenic calli (Yusoff et al. 2012). Mentioned
the possible procedure of endogenous
phytohormone signaling and carbohydrate
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metabolism through shoot organogenesis brought
by osmotic stressinrice (Oryzasatival.. cv. Tainung
71) callus,that auxin could be considered as akey
factor which affects osmotic prerequisite,
carbohydrate metabolism and phytohormone
signaling on shoot renewal (Ting Lee and Lii
Huang 2014)

CONCLUSON

Rice crops are essential for the financial
life of several peopleall over theworld. During the
recent decades, rice yields have developed into
plant tissue culture and are applied for developing
breeding and agricultureyieldslikerice. Callusisa
mass of tissue influenced by unregulated
development of different elements. From these
factors and the genetic explants source, considered
asasource of significant restrictionsto determine
the achievements of the regeneration of the rice
plant tissue culture. Other related elements that
influencesthe Induction of callus, are plant growth
regulators (PGRs) which has significant character
for cell development. Cytokinin/auxin plant
hormones, that has significant role in developing
and differentiating of cellscallus. Theresultsthat
serve the refinement and development of rice
manufacture in quality and quantity. Different
studies investigated about the induction of callus
of rice and the elements affecting it like genotype
and development regulators is not enough for
obtaining best consequences and therefore, more
studies should be conducted on these elements
for achieving to optimum results that serve the
breeding and development of rice manufacture
regarding both quality and quantity.

REFERENCES

1. Dawe, D., Pandey, S., Nelson, A. Emerging
trends and spatial patterns of rice production.
In: Rice in the Global Economy: Strategic
Research and Policy Issues for Food Security
(eds Pandey S, Byerlee D, Dawe D, et al.),
International Rice Research Institute, Los Ban™
os, Philippines 2011.

2. FAO. World Agriculture: Towards 2015/2030
Summary Report. FAO, Rome, Italy 2002.

3. GRIiSP. Summary, Global Rice Science
Partnership, www.grisp.net/main/ summary
(accessed July 27, 2013) 2010.

J PURE APPL MICROBIO, 8(6), DECEMBER 2014.

4.

10.

11.

12.

13.

14.

15.

16.

17.

KADHIMI et a.: INDUCTION OF EMBRYOGENIC CALLUSIN RICE

Wassmann, R., Jagadish, S.V.K., Heuer, S.,
Ismail, A., Redona, E., et al. Climate change
affecting rice production: the physiological and
agronomic basis for possible adaptation
strategies. Adv Agron 2009; 101: 59-122.
Wang, Y., Xue, Y., Jiayang, L.J. (2005). Toward
molecular breeding and improvement of ricein
China. Trendsin Plant Sci. 10(12): 610-614.Yin
YH, Li SH, Chen YM, Guo HQ, Tian WZ, Chen
Y, Li LC(1993).

Mineo, L. (1990). Plant tissue culturetechniques.
In: Proceedings of the eleventh workshop/
conference of the Association for Biology
Laboratory Education (ABLE), 195 p.
Khanna, H.K and Raina, S.K .(1998). Genotype
X culture medium interaction effects on
regeneration response of three indica rice
cultivars. Plant Cell Tiss. Org. Cult. 52:145-153.
Davey,M.R, Anthony, P, Power, J.B., Lowe,
K.C. Plant protoplasts: status and
biotechnological perspectives. Biotechnol Adv,
2005; 23:131-171.

Neelakandan, A.K., Wang, K. Recent progress
in the understanding of tissue culture-induced
genome level changes in plants and potential
applications. Plant Cell Rep, 2012; 4:597-620.
Mustafa, N.R., de Winter, W., van lren, F.,
Verpoorte, R. Initiation, growth and
cryopreservationof plant cell suspension
cultures. Nat Protoc, 2011; 6: 715-742.
Kéarkonen, A., Santanen, A., lwamoto, K.,
Fukuda, H. Plant tissue cultures. Methods Mol
Biol, 2011; 715: 1-20.

Germana, M.A. Gametic embryogenesis and
haploid technol ogy as valuable support to plant
breeding. Plant Cell Rep, 2011; 30: 839-857.
Bhatti, S., Jha, G., Current trends and future
prospects of biotechnological interventions
through tissue culturein apple. Plant Cell Rep,
2010; 29:1215-1225.

Loyola-Vargas, VM. Ochoa-Alejo, N. An
introduction to plant cell culture: the future
ahead. Methods Mol Biol, 2012; 877: 1-8.
Sharry, S., Adema, M., Basiglio Cordal, M.A.,
Villarreal, B., Nikoloff, N., Briones,V., Abedini,
W. Propagation and conservation of native forest
genetic resources of medicinal use by meansofin
vitro and ex vitro techniques. Nat Prod Commun
, 2011; 6:985-988.

Larkin,P.J., Scowcroft, W.R. Somaclonal
variation- anovel source of variability from cell
culture from plant improvement. Theor Appl
Genet, 1981, 60:197-214.

Dix, PG. Therole of mutant cell linesin studies
on environmental stress tolerance: an
assessment. Plant J, 1993; 3: 309-313.



18.

19.

20.

21

22.

23.

24.

25.

26.

27.

28.

29.

30.

KADHIMI et a.: INDUCTION OF EMBRYOGENIC CALLUSIN RICE

Ashraf, M. Organic substances responsible for
salt tolerancein Euricasativa. Biol Plant, 1994;
36: 255-259.

Coallin, H.A. and Edwards, S. (Eds.) (1998). Plant
cell culture BIOS. Scientific publishers, Oxford.
Huang, WL., Tsung ,YC., Liu ,L.F. Osmotic
stress promotes shoot regeneration inimmature
embryo-derived callusof rice (Oryzasatival.).
J Agric Assoc Chin, 2002; 3:76-86.

Glowacha, K., Jezowski, S., Kaczmarek, Z. The
effectsof genotype, inflorescence devel opmental
stage and induction medium on callusinduction
and plant regeneration in two Miscanthus
species. Plant Cell Tissue Organ Cult, 2010;
102:79-86

Park, S.Y., Cho, H.M., Moon, H.K., Kim,Y.W.,
Paek ,K.Y. Genotypic variation and aging effects
on the embryogenic capacity of Kalopanax
septemlobus. Plant Cell Tissue Organ Cult ,
2011, 105:265-270.

Jime'nez V.M. Involvement of plant hormone
and plant growth regulators on in vitro somatic
embryogenesis. Plant Growth Regul, 2005; 47:
91-110.

Barreto ,R., Nieto-Sotelo, J., Cassab, Gl.
Influence of plant growth regulators and water
stress on ramet induction, rosette engrossment
and fructan accumulation in Agave tequilana
Weber var. Azul. Plant Cell Tissue Organ Cult,
2010; 103:93-101.

Sun, YL., Hong, S.K. Effects of plant growth
regulators and L-glutamic acid on shoot
organogenesisin the halophyte Leymuschinensis
(Trin.). Plant Cell Tissue Organ Cult, 2010;
100:317-328.

Huang, WL., Lee, CH., Chen, YR. Levels of
endogenousabscisic acid and indole-3-acetic acid
influence shoot organogenesisin callus cultures
of rice subjected to osmotic stress. Plant Cell
Tissue Organ Cult, 2012; 108:257-263.

Liu, L.andLia, K. L. Enhansment of regeneration
inricetissue culture by water and salt stress. In
Biotechnology in Agriculture and Forestry,
Baja, Y. P. S, (ed), Rice Spriger-\erla, 1991;
pp 47-57.

Zafar, Y., Wajid, A., Mdlik, K. A. and Gamborg,
O. L. Establishment of regenerating calli and cell
suspension line of Basmati rice (Oryza sativa
L. cv. B. 370). Pac. J. Bot.,1992; 24(1): 64-71.
Saharan, V., Yadav, R. C., Yadav, R. N. and
Chapagain, P. B. High frequency plant
regeneration from desiccated calli of indicarice
(Oryza sativa L. ). African J. Biotech., 2004,
3(5): 256-259.

Ilahi, 1., Bano, S., Jabeen, M and Rahim, F.
Micropropagation of rice (Oryza sativaL. CV

31

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

4577

SWAT-I1) through somatic embryogenesis., Pak.
J. Bot., 2005; 37(2): 237-242.

Khatun, R. S. M., Islam, S. and Miah, M. A. B.
. Studies on plant regeneration efficiency through
in vitro micropropagation and anther culture of
twenty fivericecultivarsin Bangladesh. J. Appl.
scie. res., 2010; 6(11): 1705- 1711.

Ting IP, Plant physiology. Addison-Wesley,
Reading, Massachusetts 1982.

Skoog, F., Strong, F., Miller, C. Cytokinins.
Science, 1965; 48: 532-535.

Pernisova,” M. K.ly.,"ma, P, Hora,’k. J.,
Va’'lkova,” M., Malbeck, J., Soucek, P.,
Reichman, P, Hoyerova,” K., Dubova,” J., Friml,
J. Cytokinins modulate auxin- induced
organogenesis in plants via regulation of the
auxin efflux. Proc Natl Acad Sci USA, 2009;
106:3609-3623.

Sy, Y., Zhao, X., Liu, Y., Zhang, C., O'Neill, S,,
Zhang. X. Auxininduced WUS expression is
essential for embryonic stem cell renewal during
somatic embryogenesisinArabidopsis. Plant J,
2009; 59: 448-508.

Cheng, Z., Zhu, S, Gao, X., Zhang, X. Cytokinin
and auxin regulates WUS induction and
inflorescence regeneration in vitro in
Arabidopsis. Plant Cell Rep, 2010; 29: 927—
960.

Vanneste, S., Friml, J. Auxin: atrigger for change
in plant development. Cell, 2009; 136:1005—
1021.

Zhao, Z., Andersen, S,, Ljung, K., Dolezal, K.,
Miotk, A., Schultheiss, S., Lohmann, J.
.Hormonal control of the shoot stem-cell niche.
Nature, 2010; 465:1089-1181.

Rai, M K., Shekhawat, N.S., Harish Gupta,A K.,
Phulwaria, M., Ram, K., Jaiswal, U. Therole of
abscisic acid in plant tissue culture: areview of
recent progress. Plant Cell Tissue Organ Cult ,
2011; 106:179-190.

Liu, L.F, Lee, C.H. Changes of endogenous
phytohormones during plant regeneration from
ricecallus. In: Khush GS (ed) Rice Geneticsl|1.
Proceedings of the Third International Rice
Genetics Symposium. International Rice
Research Institute, Manila, Philippines 1996,
pp 525-531.

Petra’sek, J., Friml, J. Auxin transport routesin
plant development. Development, 2009 136:
2675-2688.

Rademacher, E., Lokerse, A., Schlereth, A.,
Llavata-Peris, C., Bayer M., Kientz, M., Freire
Rios, A., Borst, J, Lukowitz W, Ju'rgens G,
Weijers D, Different auxin response machineries
control distinct cell fates in the early plant
embryo. Dev Cell, 2012; 22:211-222.

J PURE APPL MICROBIO, 8(6), DECEMBER 2014.



4578

45.

46.

47.

49.

50.

51.

KADHIMI et a.:

Skoog, F., Miller, C.O. Chemical regulation of
growth and organ formation in plant tissues
cultured in vitro. Symp Soc Exp Biol, 1957
11:118-131.

Davies, PJ. The plant hormones: their nature,
occurrence and functions. In: Davies PJ (ed)
Plant hormones and their role in growth and
development. Martinus Nijboff Publishers, The
Netherlands 1987, pp 1-11.

Mohnen, D., Eberhard, S., Marfa, V., Doubrava,
N., Toubart, P, Gollin, D.J. et al . The control
of root, vegetative shoot and flower
morphogenesis in tobacco thin cell-layer
explants (TCLSs). Development,1990; 108:191—
201.

Branca, C., Bucci, G., Domiano, P, Ricci ,A.,
Torelli,A., Bass, M. Auxin structure and activity
on tomato morphogenesisin vitro and pea stem
elongation. Plant Cell Tissue Organ Cult, 1991,
24:105-114. doi:10.1007/BF00039738.
Smigocki, A.C., Owens, L.D. Cytokinin-to-auixin
ratios and morphology of shoots and tissues
transformed by a chimeric isopentenyl
transferase gene. Plant Physiol, 1989; 91:808—
811.

Aoyama, T., Chua, NH. A glucocorticoid-
mediated transcriptional induction system in
transgenic plants. Plant J, 1997; 11:605-612.
doi:10.1046/j.1365-313X.1997.11030605.X.
Kunkel, T., Niu, Q.W., Chan, Y.S., Chua, N.H.
Inducible isopentenyl transferase as a high-
efficiency marker for plant transformation. Nat
Biotechnol, 1999; 17:916-919. doi:10.1038/
12914

Sakai, H., Aoyama, T., Oka, A. Arabidopsis
ARR1 and ARR2 response regulators operate
as transcriptional activators. Plant J,. 2000;
24:703-711. doi:10.1046/j.1365
313x.2000.00909.X .

Werner, T., Motyka, V., Laucou, V., Smets, R.,
Onckelen, H.V., Schmu’lling, T. Cytokinin-
deficient transgenic arabidopsis plants show
multiple developmental alterations indicating
opposite functions of cytokinins in the

J PURE APPL MICROBIO, 8(6), DECEMBER 2014.

52.

53.

55.

56.

57.

58.

59.

60.

61.

INDUCTION OF EMBRYOGENIC CALLUSIN RICE

regulation of shoot and root meristem activity.
Plant Cell, 2003; 15:2532-2550. doi:10.1105/
tpc.014928 .

Sakai, H., Honma, T.,Aoyama, T., Sato, S., Kato,
T., Tabata, S., et al. ARRL, atranscription factor
for genesimmediately responsive to cytokinins.
Science, 2001; 294:1519-1521. doi:10.1126/
science.106 5201.

Friml, J., Benkova,” E., Blilou, |., Wisniewska,
J., Hamann, T., Ljung, K et al. AtPIN4 mediates
sink-driven auxin gradients and root patterning
in Arabidopsis. Cell , 2002; 108:661-673.
doi:10.1016/ S0092-8674(02)00656-6.
Nishimura, S. and Maeda, E. Histological studies
of callusinductioninrice seed. JpnJ Crop i,
1977; 46: 275-285.

AbeT., Futsuhara,Y. Efficient plant regeneration
from protoplast through somatic embryogenesis.
Biol Technol, 1985; 4: 1087—-1090.

. Jones, T.J., Rost, T.L. The developmental
anatomy and ultrastructural of somatic embryos
fromrice (Oryzasatival.) scutellumepithelial
cells. Bot Gaz, 1989; 150: 41-49.

Mendoza, A.B. and Futsuhara, Y. Histological
observationson plant regenerationinrice (Oryza
sativalL.) calli. Jpn J Breed, 1992; 42: 33-41
Sangduen, N., Klamsomboon, P. Histological and
scanning el ectron observations on embryogenic
and non-embryogenic calli of aromatic Thai rice
(Oryza sativa L. cv. Khao Daw Mali 105).
Kasetsart J (Nat Sci), 2001; 35: 427—432.
Vega, R., Vasquez, N., Espinoza ,A.M. et al ,
Histology of somatic embryogenesis in rice
(Oryza sativa cv. 5272). Rev Biol Trop, 2009;
57: 141-150.

Yusoff, N.F.M., Alwee, S.S.R.S., Abdullah, M.O.
A timecourse anatomical analysisof callogenesis
from young leaf explants of oil pam (Elaeis
guineensis Jacq.). J Oil Palm Res, 2012;
24:1330-1341

Ting, Lee.S. and Lii ,Huang, W. Osmotic stress
stimul ates shoot organogenesisin callus of rice
(Oryza sativa L.) via auxin signaling and
carbohydrate metabolism regulation. Plant
Growth Regul, 2014; 73:193-204.



