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Abstract: Wheat is a major cereal crop grown worldwide. Gefidicum contains many species, among w T.
aestivum has commonly grown, also known as breashiviits genome is hexaploid, containing 42 chramues
(2n=6x=42). To improve the response of wheat cafivagainst biotic and abiotic stresses, it is geradly
engineered with different biotechgical tools. Tissue culture technology has beved vital for improving cro
species in different quality and yierelated traits. Being a monocotyledons plant, whsladws recalcitratior
toward tissue culture. The response of wheat temegation an be improved by using different gro-promoting
hormones. The proposed study's objective was tease callus induction's efficiency proposed studs to
increase efficiency. The proposed study's objeatims to increase callus induction's efficiy using different
growth regulators treatments. MS media with vary@ogcentrations of 4, 8, and 12 mg/L of dicamba&j-D, and
picloram was used to check their effect on calhduction in common wheat cultivars A-2017 and Akbe2019.
Media complemated with picloram at 8 mg/L was the supreme efficy. About 511 mg and 420 mg of ca
formation were observed at 8 mg/L for picloram ssmed by dicamba which was 340 mg and 350 mg atglP,
and then by 2, B, which was 112 mg and 236 mg at 8 n from matured embryos of An2017 and Akbe¢2019
respectively.
Keywords. wheat, tissue culture, callus induct
Introduction

Most of the world’'s population utilizes whe
(Triticum aestivurp as an essential anforemost
cereal crop. About 36% of the world’s population
2 billion people) use wheat as a daily food inte
About 55% of carbohydrates and0% of diet
calories are supplied by wheat worldwide (Breir
and Graur, 1995). Wheat belongs to the grassly
named Poaceae (previously called Gramine
Triticeae (also known as Hordeae) tribe compr
above 15 genera and 300 species comprising w
barley, oat, rye, maize, and rice (Briggle and R
1963). Wheat is divided into three types for genc
sds wiz, diploid, tetraploid, and hexapl,
containing 14, 28, and 42 chromoso,
respectivelywith basic chromosome number x =
The most commonly utilized wheat is the brn
wheat . aestivu At the same tim the major
species includd. durumandT. compactunderived
from the natural hybridization of ancestravheat
varieties, which arao longer cultivated nowada

(Briggle, 1967).The development of inflorescenc
especially the initiation stage of spikelets
flowers, is important for the priuction and survival
of flowers and, ultimately,for the maximum
production aptitude. Despite the significan
molecular research on the inflorescences of w
has been restricted until nogue tc the absence of
high-quality genome reference genome seices
(Kippeset al, 2014). So far, it has been found t
only a few genes are associated with
development of spikes in wheat (Bocet al, 2015).
There is an urgent need for methodological lear
of the genes and their regulatory networks for
development of a wheat spike. The transcriptic
profiling of various key stages in the developmefr
wheat inflorescence must offer a new appreciatic
the molecular technique involved in the developn
of wheat inflorescence. With the advancemenhe
sequencing of the genome of wheat and
emergence of better genome sequencing, addit
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gueries may be asked about the mechanisms of
regulation for the development of an ear in
hexaploid species of wheat, such as the relatipr
among vamus homeologs and the gene
expression level of entire homeologs of impor
controlling genes contributing to the absolute ati
Hexaploid wheat contains seven groups
chromosomes, each consist of six chromosome
derived from three ancestral digenomes of whei
thus comprising a total of 21 pairs (or
chromosomes)making common wheat hexaplc
wheat(AABBDDGG). Based on their genetic ord
similarity, during meiosis these 21 chromoson
pairs combine through centromere when they
clustering in hexaploid oretraploid wheat. A
meiosis progresses, multiple chromosomes 1
different genomes are associated with a si
genome. At later stages of meiosisyen clusters ¢
chromosomes formed with multiple associati
forming hexaploid ortetraploid wheat. There a
multiple chances for chromosomes from differ
genomes to associate with other chromosomes
this confusing situation is resolved through
action of loci of different chromoson, arranging
them as homologous chromosol as meiosis
proceeds to complete (Leaehal, 2014)

Plant tissue culturing is a vast field that inclsidie
culturing of any part of a plang.g., organs, tissuu
or cells, etc. Tissue culturing is done in an as¢
environment, ioustomized environments, anin
artificial media comprising entirely the compulsc
nutrients and elements needed for the pr
development of a plant or any organ of a pl
Callus induction is one of the biotechnologicalléc
with which we can transfan wheat for its bette
performance (Alikineet al, 2016). We can impro\
the performance of wheat through gen
transformation by analyzinghe effect of variou
compositions of media cultures (Kai et al, 1994).
Plant regeneration via callus indun in wheat is
mainly affected by the concentration of media, t
of cultivar, and explants source. In the proces
improving wheat cultivars through transformati
genetic engineering can be very effective.
initiation of the callus and the regertion of the
seedlings in wheat can be done by various type¢
explants. Tissue responses varied durin vitro
seedling regeneration (Delportet al, 2001).
Embryos have been used for callus inductior
DNA delivery methods in wheat plants (Chaw
2002. Some types of explants have played a
part in the regeneration method in cultt
Regeneration of a wheat plant using a stem
twice that of a rachis plant (Majew et al, 2007).
The bestknown method to conquer various practi

problems is thecultivation of embryosin vitro
(Dunwell, 1986).

M aterials and methods

The proposed research was carried out at
Molecular Biology LaboratoryCentre of Agriculture
Biochemistry and  Biotechnology  (CABE
University of Agriculture, Faisalabad (UA!
Explant preparation

Ripe caryopses of the whedtrificum aestivur L.)
varieties Anaj-2017 and Akb&019 were used as
source of explant foin vitro mature embryo culturt
The seeds were collected from thAyyub
Agricultural Research Institute (AARI) Whe
department Faisalabad. The seeds were disinfe
in 75% v/v ethanol for 3 minutes and washed

times with sterile and deionized water. The se
were again dipped in 5.25% sodium hypochlc
with 2-3 drops of Tween 20 for 20 minutes, follow
by wasling five times with deionized sterile wat
Surface sterilized seeds were placed in 100 x 1E
Petri plates (on filter paper soaked with ste
water).

Preparation of MSMedia

The working area should be designed to facili
cleaning and reduce the ggibility of contaminatio

Fig. 1: Equipment and chemicalsfor preparing
M S media

An appropriate process for preparing the cul
medium was to prepare concentrated stock solu
that can be diluted to the required concentrs
before use. Stockolutions of macr-nutrient were
prepared 10 times stronger than the worl
solutions. Micronutrient stock solutions were 11
times more concentrated than those required
working solutions. The stock solutioras kept in the
refrigerator until used.
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Table 1: Ingredients used for the preparation of MS media along with their chemical formula and

concentrations.

Sr.# Chemical

Formula

M acronutrients

1 NH4NO3 Ammonium nitrate

2 KNO3 Potassium Nitrate

3 CaCl2.2H20 Calcium chloride

4 MgS04.7H20 Magnesium sulphate
5 KH2PO4 Potassium-dihydrogen-orthophosphate
Micronutrients

6 Kl Potassium lodide

7 H3BO3 Boric Acid

8 MnS04.4H20 Manganese sulphate
9 ZnS04.7H20 Zinc Sulphate

10 Na2Mo04.2H20 Sodium molybdate
11 CuS04.5H20 Cupric sulphate

12 CoCI2.6H20 Cobaltous chloride
Vitamins

13 C6H1206 Myo-Inositol

14 C2H5NO2 Glycine

15 C12H18CI2N40S Thiamine HCI

16 C8H11NO3 Pyridoxine HCI

17 C6H5NO2 Nicotinic acid

Iron source

18 Na2EDTA

19 FeS04.7H20 IFerrous sulphate
20 C12H22011 Sucrose

21 Agar

Callusinduction media Preparation

Callus induction media was prepared by adding MS
(Murashige and Skoog, 1962) basal salt mixture in
water which was supplemented with different growth

sucrose were added in the media. To solidify the
callus induction media, 10g of agar was used. The
pH of the callus induction media was maintained at
5.8.

Table 2: Stock solutions of vitaminsand Iron.

regulators 2, 4-D, dicamba, and Picloram that was

A
“Vitamin stock solution

mg/L, 8 mg/L, and 12 mg/L. Anaj-2017 and Akbar-
2019 were the cultivars of wheat evaluated with
these three concentrations of growth regulators. In
addition to growth regulators, stock solutions of
vitamins and iron were also prepared. Effects of
different concentrations of 2, 4-D, dicamba, and
Picloram were observed on the type of callus

Nicotinic acid 10mg/100mi
Glycine 100mg/100mi
Myo-Inositol 1g/100ml
Thiamine HCL 10mg/100ml
Pyridoxine 10mg/100ml

Iron stock solution
Sodium versinate215mg/50ml

produced were also determined visually. For the
preparation of 1L MS media 10ml of Vitamin from
the stock solution, 10ml of Iron solution and 3dg o
Stock solution of the vitamin was prepared using
nicotinic acid, glycine, myo-inositol, thiamine HCL
and pyridoxine. Sodium Versinate was used for the
preparation of the iron stock solution. Concenbradi

of these chemicals are described in (Table2). Media
was prepared, autoclaved and then poured into the
plates by taking all precautionary measures. After

pouring, the media was allowed to solidify at room

temperature. Plates with solidified media were

incubated at room temperature for 7 days to check
for contamination. Media that showed no

contamination were used to conduct further

experiments.
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Induction M edia

Callusinduction

Endosperm and radicals were removed from the
caryopsis of aseptically disected mature wheat
embryos for embryo isolation. About 1-2 mm of
embryo sections were placed in callus-inducing
media so that shoot tips, nodular parts and megocot
were positioned on the media surface. Six embryos
were cultivated in 1 petri dish, and the embrydela
was considered an experimental unit. MS
(Murashige and Skoog, 1962) media, along with
inorganic nutrients, is a callus induction and
maintenance medium supplemented with glutamine,
glycine, myo-inositol, casein hydrolyzate, nicotini
acid, pyridoxine, and thiamine for 5.0 mg / L, 219
/L,1.0mg/L, 1.0mg/L 05mg/L 05mg/L
and 0.1 mg / L respectively.

The embryos placed in the media showed
enlargement within 2-3 days, and after almost one-
week formation of callus from the embryos was
initiated. To maintain enough supply of essential
nutrients florcalli, these were transferred to lires
culture media after every two weeks.

Deter mination of callusgrowth rate:

Data was collected for callus growth rate, type of
calli and mass at regular intervals. Callus indarcti
frequency (%) was recorded at different intervals t
evaluate the callus induction efficiency of mature
embryos using concentrations of 2, 4-D, dicamba,
and Picloram. Calli were transferred at differemtet
intervals to a sterile petri dish, and the weightali

Figure: 2 Preparation material of Callus

in a plate was measured under aseptic conditions.
After weighing, callus pieces were re-transferred t
callus culture medium. After 6 weeks, data were
recorded for the callus induction frequency of two
wheat cultivars,Anaj-2017 and  Akbar-2019,
according to the formula.

Callusinductlionfrequency (%)

_ No.ofembryosproducedcalli
" No.ofembryocultured

Callus proliferation efficiency was also estimatsd

using the following equation.

Proliferationefficiency (%)

_ No.ofproliferatedcalli
"~ No.ofincubatedembryos

x 100

M aintenance of induced calluses:

Dicamba, picloram, and 2, 4-D were three auxins
used in experimentation. Each auxin was
experienced at three varying compositions 4.0, 8.0,
and 12.0 mg/L concentration. All organic
components were taken from the lab. The whole
media was polymerised/solidified with Agar at1Qq g/I
and pH was optimized to 5.7 with 1M NaOH. The
media was autoclaved at 121°C for about 15 minutes
at 15 psi pressure. Petri dishes comprising 6 @dtu
embryos were wrapped with parafilm and placed at
25°C temperature in a dark environment. The
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cultures were shifted tordsh medium with a
interval of 2 weeks. Callus selection was not mait
this stage After about 8 weeks of culture initiatio
the fresh callus mass was weigled calculated b
evaluating the complete mass of callus develope
each embryo.

Plantlet Regeneration:

After every 2 weeks, embryogenic calluses v
shifted to a growth chamber at 27°C temperai
with a 16 hours light and 8 hours darkness pefic
Petri dishes on regeneration media (M:!
comprising 2,4D, picloram, and dicamba. TI
development of green buds wasen in the firs
seven days and vegetative development within
first 3 weeks. The plant regeneration percentage
measured based on embryos regenerated fror
number of embryos placed on callus induc
media.

After 8 weeks 6 culture, embryos developed ir
calluses andwere shifted to 100 to 25 mm Pe
dishes containing regeneration media.
regenerated calluses were placed in a plant gr
chamber at gemperature 25°C with appropriate li¢
concentration made availabley cold, fluorescer
white tube light. Subcultures were repeated eve
weeks. The total number of calluses regenerate:
embryo was calculated after about 4 weeks
cultivation in the regeneration medit Three types
of auxins in 3 levels were wused this
experimentation. Each sembryo petri dish wa
considered as one experimental uBitperiment wa:
conducted in a completely randomirz design with !
replications. Callus fresh weight was taken ft
Petri plates to assess the response of g-
regulating hormones

Results and discussion
CallusInduction

Callus initiation and embryogenesis were obse
in embryos cultured on althree media type
Approximately 100% of the developed embr
cultivated in medium with three auxins exhibitedti
callus development began within 3 days
inoculation. The averageallus fresh weight pe
treatment varied fror@5 to 270 mg per embry
Callusinductionfrequency (%)

_ No.ofembryosproducedcalli

No. ofembryocultured 100

Mainly, two kinds of calli have been seen in cusl
nonembryogenic and embryogenic calluses. -
embryogenic calli were distinguished by their cre

colour and soft, loose, and watery touch.

embryogenic calliwere pale, smoottand compact
and comprised embryonic structureforming
independent or bonded nodules. The embryoc
callisurrounded bynoembryogenicalliwere
detected in most explants as shown in figure
Constant with previous findings related calli
developed from mature embryos of wheat,

results showed that many treatments had a hi
rate of non-embryogenicallusMacKinnoret al,

1087). B

?‘“ wd "'ﬁ
t g . A / sy -
b - '

.2 )
Mo A Y

Fig. 3: Embryogenic and Non-Embryogenic calli.

The type and dose of auxin strongly influenced
callus development. Aignificant interaction wa
observed betweethe type of auxin used and au:
dose. The fresh callugeight increased by increasi
the composition of picloram, and dicar, but the
fresh callus weight decreased by increasing
concentration of 2, 8. This adverse response
high levels of 2, 45 was depicted by the necro
brownish presence of callus experienced
approximately 92% of the cultures prepared fi
developed embryowith higher levels of 12 mg/L ¢
2, 4D. The medium contained picloram was fot
to be the most efficient in encouraging ca
development from mature embryos of A-2017 and
Akbar-2019, subsequently by dicamba, and ther
2, 4-D. Zhou and Lee (1984kported the same
results using developed embryo cultures of
Chinese Spring variety. However, in this stu
dicamba improvegallus development compared
picloram.

Contrary to this, picloram, dicamba and z-D
respond similarly in winter wheat 'Freerick'.
Genotypes  correspond  differentlyin  vitro
conditions(Ozgen et al, 1998. Dicamba and
Picloram have higher callyzoducing capabilit
than 2, 4-D in spring whed&Papenfuss and Carme
1987; Carman, 1988)and in winter whea
cultivars(Hunsinger ah Schauz, 19¢ Carman,
1988)The best, average and good quality of ce
were observed in this studgs shown in figure
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Fig. 4: Best, average, and good quality callus.
The fresh weight of callus was strongly influen: mean weight of callus using 2-D and its different
by the kind of auxin and concentration used. levels are described in table 3

Table 3: Mean fresh weight of callus obtained from mature embryos of wheat grown in medium comprising
2, 4-D with three different levels

Treatments M ean weight of induced calluses
Auxin Auxin dose Anaj-2017 (mg) Akbar-2019 (mg)
2,4-D 4.0 205 276
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