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Abstract

Commercial banana, being triploid has
limited scope for genetic improvement though
conventional breeding methods. For application
of gene editing and transformation tools the
availability of embryogenic callusisavital factor.
In thisstudy we report standardization of protocol
for induction of embryogenic Calli derived from
anthersof immature male buds, inflorescence from
the 16" whorl of flower and also invitro propagated
regjuvenating buds. Although higher efficiency of
callus induction was recorded with in-vitro
propagated rejuvenating buds cultured in MS
media with Picloram (2mg/L) and TDZ (3
Thidiazuron) (0.3mg/L) in MSmedia, but they also
showed shoot growth within 10 -12 days. The N6
CHU media supplemented with NAA (0.5mg/L)
was found most suitable to obtain embryogenic
callii fromanthersfollowed by the N6 CHU media
supplemented with NAA (0.5mg/L) and 2,4-D
(2mg/L) from whole inflorescence. The fragile
embryogenic callus obtained from anthers and
inflorescence were also subjected to microscopic
studies that confirmed their haploid chromosome
number.

Key Words
Embryogenic Callus, Micropropagation,
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Abbreviations

2,4-D - 2,4 dicloro phenoxy acetic acid

MS- Murashige and Skoog

TDZ-N- Pheny -1, 2, 3, -thidiazole-5 ylurea,
I ntroduction

Bananaisasignificant fruit crop of tropical
regions, knownfor itshigh productivity and nutritiona
value. The Cavendish bananas, also known as “Grand
Nain” means “Large Dwarf” isatriploid (AAA =33
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chromosomes). It shows parthenocarpy and produce seedlessfruitsleading to lesser genetic variation. Being
clondly propagated, geneticimprovement can only beachieved using invitro techniques such assomaclonal
variationor genetic modification. Theavail ability of high-quaity embryogenic cdlusesiscrucid for thesuccessful
gpplication of genetictransformation or genomeediting methods. Cdlusculturesaresuitablefor transformation
and play important rolesin generating transgeni ¢ plants. Embryogenesi sand shooting rely on callusinduction.
The callusmay be compact or friable, wherethe compact cali that aretypically green and sturdy are more
suitablefor organogenesis. Thefriable calusesarewhiteto creamy yellow in colour, they fal gpart easily and
aremore conduciveto uptakeforeign DNA. Callus, being an undifferentiated mass of tissues, hasahigher
capacity toreceivethe geneof interest and exhibitsefficient organogenesis after infection.

Inbanana, invitro regeneration via cell suspension cultures (Dhed’a et al.;Coteet al. 1996 and somatic
embryogeness(Escdant et al 1994; Khdil et al 2002) havebeen used for genetic transformation viasomacl ona
variation and selection. Plant regeneration viainvitro culturehasbeeninitiated from varioussources of explants
(Israeli et al. 1996; Ko et al. 1991) and have known to undergoes organogenesi swithout any intervening
callus phase. Therefore, people have attempted cell suspension cultures or whole flower buds for the
transformation. However, the cdll suspens on culturesshow declinein productivity over prolonged subculture
periods, duggish growth, and low productivity of plant cells. Moreover, the cells may sustain damage under
shear conditions. In-planta transformation, by flora dip method, referred asdirect transformationwasoriginaly
devel oped for Arabidopsisthaliana (Clough and Bent, 1998). However, in-plantatransformation poses
challenges, especidly inthe case of bananas, astherisk of contamination issignificantly higher comparedto
tissue cultureconditions. To overcometheselimitations, induction of embryogeniccali wasseen asan dternative
approach. Therefore, the primary objective of thisstudy wasto standardize the protocol for inducing callus
formation, that are conduciveto take up theforeign DNA for gpplication of geneediting and/or genetransfer
tools.

During callusformation thereis somedegree of dedifferentiation both in morphol ogy and metabolism
resultinginthelossof theability to photosynthesis. Callusculturesmay be compact or friable. Compact calus
showsdensdly aggregated cellswhilefriable callus showsloosaly associated cdlls. Friable cdlus becomes soft
and breaks apart easily whichisuseful for suspension culturesformation and transformation with nucleic
acids,

Materia sand methods: Theexplantswere obtained from the Grand Naine cultivar of bananagrownin
thetheorchard of IndiraGandhi Krishi Vishwavidyaaya, IGKV, Raipur, Chhattisgarh. Invitro propagated
regjuvenating buds, tender leaf tissues, root tissues, Immature unopened flower budsand Immature maebuds
(anthers) were used as explantsfor callusinduction. Asthe buds are already invitro propagated and grown
under aseptic conditionsthus, therewasno need to go for sterilization, just they werewashed with autoclaved
digtilled water under laminar hood. Immaturemal eflower budswereremoved and madefree of contaminants
by using Tween-20 for aduration of 10 minutes. Subsequently, they were rinsed with autoclaved distilled
water 4 - 5times, followed by chemical sterilization usinga 1% Bavistin solutionfor 5 minutes. After rinang
with autoclaved distilled water again for 4 to 5times, the budsweretreated with a0.1% solution of Mercuric
chloride (HgCl,) for 2 minutes. Finaly, after thoroughrinsing with autoclaved distilled water inthelaminar
hood inoculation wasdone. Thema eflowerswere cultured on agar gelled M Smediumwith full strength salts
supplemented with different trestments (Table 2) and 3% sucrose. The N6 CHU mediawhichispredominantly
used for calusinductioninricewasa so used and the culturewereincubated in dark for about 2-3 monthsfor
efficient calusformation.
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Fig. 1. Explantsused for induction of callusa. In-vitro propagated rejuvenating budsb. In-vitro
propagated tender leaf tissue c. matureflower bud d. Immaturefingerse. anthersand gynoecium
Table1: Treatmentsused for callusinductionin bananawith different explants.

SN Explants Basal Treatment Hor mone concentrations
media
1. | In-vitro propagated rgjuvenating buds | MS T1 2,4-D 2mg/L+ Kinetin 0.5
mg/L
T2 2,4-D 0.5 mg/L
T3 2,4-D 1.0 mg/L
T4 2,4-D 2,2 mg/L
T5 2,4-D 2.5 mg/L
T6 2,4-D 2.0 mg/L +NAA 0.5mg/L
T7 2,4-D 2mg/It + TDZ 0.3mg/L
T8 Picloram 2mg/It + TDZ
0.3mg/L
N6 T9 2,4-D 2.0mg/L
2. | In-vitro propagated Tender L eaf N6 T10 2,4-D 2.0 mg/L
tissue
3. | In-vitro propagated Root cells N6 T11 2,4-D 2.0 mg/L
4. | Immature flower buds N6 T12 2,4-D 2mg/L +NAA 0.5 mg/L
5. | Immature male Flower (Anthers) N6 T13 NAA 0.5mg/L

Microscopic Sudy of Banana Callus

After theproliferation of callusfrom explantsthey were subjected to microscopica study to check the
number of chromosomes, asintriploid (3X=33) or haploid (X=11). Thecytol ogical analysiswas performed
under microscope on squash preparati ons stai ned with acetocarmine staining agent (Murthy et al,.2000).
Different samplesof age 0to 45 dayswere observed under microscope. Samples (1ul) were placed in center
of each slidesand onedrop of acetocarminewas added on it, then kept for 5 minutesfor staining. Samples
were covered with cover slip and gently heated using spirit light for 10 sectofix them. Thedideswerethen
observed under compound microscopein 10X and 40X magnifications.
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Figure2: Calusbefore preparing for microscopica study of cells
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Results and Discussion

Obtaining good qudity callusesiscritica inthegeneticimprovement of clonally propagated cropslike
banana (Rajput et a., 2022; Justine et al.,2023). The success of the gene transformation experimentsis
largely determined by the number of callusbombarded or transformed. To achieve successful transformation
targeting asmany calli aspossibleisusually recommended. Although, micropropagation of bananahasbeen
standardized and commerciadly used widdy sincelong using different explants, such asshoot tips(Kulkarni et
al. 2006; Roels et al. 2005), immature maleflowers (Jalil et al. 2003;Khalil et al. 2002), young female
flowers(Grapin et al.2000), protoplasts (Matsumoto et al. 2002), anthers (Assani et al. 2003), and rhizome
(Li et al. 2006) but lesser studies have been reported on obtaining embryogenic calus. Inthisstudy we used
in-vitro propagated rej uvenating buds, tender leef tissueand root cells. immatureflower budsand immature
ma eflower from orchard of bananaasexplantsfor calusformation. Different trestmentsof growth regulators
wereused togrow theexplants(Table2) viz. M S (Murashige-Skoog) Mediawith 2,4-D 2mg/L incombination
with Kinetin 0.5mg/L (T1), 2,4-D (1.0,1.5,2.2,2.5)mg/L (T2-T5), 2,4-D 2.0mg/L inthe combination with
NAA 0.5mg/L (T6), 2,4-D 2.0mg/L with TDZ 0.3mg/L (T7) ,combination of Picloram 2.0mg/L withTDZ
0.3mg/L (T8 Table.1). N6 CHU mediawith 2,4-D 2mg/L (T9,T10,T11), 2,4-D 2mg/It with NAA 0.5mg/L
andaonewithNAA 0.5mg/L (T13). Inorder to evd uate and compare the effectiveness of varioustreatments,
thenumber of platesinoculated isdetermined by using acons stent measure of 100 platesfor each treatment.
Theresultsof theinoculated explantsunder different treatmentsareshownin Table 2.

Table2: Response of the explantsunder 13 trestmentsfor callusformation after 21daysto 3 months of

incubetion
S.No. | Treatment | Plateswith CaluslInitiaion
01. T-1 0
02. T-2 0
03. T-3 0
04. T-4 0
05. T-5 65
06. T-6 0
07. T-7 80
08. T-8 98
09. T-9 15
10. T-10 0
11. T-11 0
12. T-12 90
13. T-13 92

Theinoculation of 25 daysoldinvitro propagated rej uvenating budsunder thetreatment of TA(MS-
2,4-D 2mg/It+ Kinetin0.5mg/L), T2(MS- 2,4-D 0.5mg/L), T3(MS-2,4-D 1.0mg/L) and T4MS- 2,4-D
2.2mg/L) showed no calusinduction after 21 daysof incubation. Theexplantsturnedblack in T2, T3, T4 but
they depicted organogenesiswith high rate of shoot growthin T3followed by T2 (Fig3a, b, ¢, d). Thus, al
thetreatments (T1,T2,T3,T4) werefound to be unfavorablefor callusinduction. Thetreatment TS(MS-2,4-
D 2.5mg/L) with higher concentrations of 2,4-D showed callusinduction 65% of plates, after 21 days of
incubation. Thetreatment T6 whereinvitro propagated rejuvenating budswereinocul ated into MSmedia
containing 2,4-D at 2.0 mg/L alongwith NAA 0.5mg/L wasal so showed organogenesisinstead of callus
formation (Fig 3f). Thetreatment T7 had TDZ (Thidiazuron), whichisknown to exhibit unique property of
mimicking both auxin and cytokinin effect on growth and differentiation of tissue cultured plants. The use of
TDZ dongwith 2,4-D in our experiment was a so found suitablefor callusinductionininvitro propagated
rejuvenating budsof banana, with 80% of plateswith calusinduction (Fig. 3g). However the combination of
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Picloram (asynthetic auxin) about 2.0mg/It and TDZ a 0.3mg/L concentration wasfound to bemoresuitable
for calusinduction (Fig. 3h) which showed highest, 98% of callusinductionwith invitro propagated rfuvenating
budsasexplantsin banana.

TheN6 CHU mediahe psintheinitiation, growth and differentiation of callus. Thetreatment T9 (N6
CHU- 2mg/L 2,4-D) showed that thecdlusinitiation from rejuvenating budsabout 15% (Fig. 3i). Thetreatment
T10and T11 (MS-2,4-D 2.0 mg/L) whereinvitro propagated tender | eaf tissuesand root cellswere used as
explantsrespectively showed negativeresultsfor calusformation(Fg. 3) and 3k). Thetrestment whereimmeature
flower budswere used asexplant inthe (T12) N6 CHU mediawith 2,4-D at 2mg/It along with 0.5mg/L
NAA, 90% of platesshowed cdlusformation after 45 daysof inocul ation under dark (Fig. 31). Theinoculation
of theimmature un-opened male buds (anthers) from inner most bract of bananainflorescence inthe N6
CHU mediawith NAA at 0.5mg/L (T13) showed more positiveresultsfor callusformation 60 days after
inoculation (Fig. 3m). Based on theseresultsit can be concluded that the treatments T5,T7,T8 (whereM S
mediawas used) and T9,T12,T13 (where N6 CHU mediawas used) showed sufficient callusinitiation.
Among these 6 treatments, T8 wasfoundto befavorablefor calusformation followed by T13and T12.

-——

Fig.3: Cdlusinductionin each treatment (T1to T13) observedin different explantsasafter 21 days
Incubation of in-vitro propagated rejuvenating buds, after 3 monthsincubation of inflorescence and
immaturemaleflowers

Pementage of plates showing calls
induction

s L4 T8 ™ T2 T3
Treatments

Fig. 4: Responseof different treatments showing positiveresultsfor calusinduction (%)
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Theabove graph representsthat the treatmentswhere callusinduction and growth was observed in
different explantsasin-vitro regenerated buds after 21 days of inocul ation, maleflower and inflorescence
after 3 months of inoculation. To compare the rel ative success, rate the number of platsinocul ated was
brought to referral value of 100 plates per treatment (Table 2). Among them only 6 treatments
(T5,T7,T8,T9,T12,T13) gavethepositiveresposnefor calusinduction. Among these 5 treatments, T8 (MS-
Picloram 2mg/It + TDZ 0.3mg/It) showed highest efficiency of calusformation (Fig.3h) that is98%, which
wasfollowed by T13 (N6 CHU-0.5mg/L NAA) (Fig.3m) and T12(N6 CHU-2,4-D 2mg/L+ NAA(0.5mg/
L)(Fig3l)with 92%and 80% of plates showed good callus growth.

Microscopic Sudy of Callusto Confirm Ploidy L evel

Sinceembryogenic callusderived cdll suspension culture (embryonic cell suspension-ECS) areknown
to becritical for high efficiency transformation in banana (Rustagi et al., 2019) and are considered more
competent for stableinheritance of theedited or transgenesitiscritica to establishtheploidy level of thecells
inthecallus. Earlier studiesreported on somatic embryogenesis and development of ECSin bananaswere
found to be proneto somaclonal variations athough they showed high regeneration potential (Cronauer-
Mitraand Krikorian, 1988; Teision 1989; Kavitha et al., 2021). Therefore, it’s imperative to check the cells
obtained from these callusesfor changeinthe ploidy level. The microscopic examination of thecedlsinthe
calluswere classified as somatic or gametic callus based on the chromosome number i.e., 33or 11. The
somatic callusare devel oped from the parent plant through vegetative propagationin aninvitro setting, were
found to have 33 chromosomes. Whilethe Gametic callusthat were derived from the anther werefound to
have chromosome number, n=11. It indicated that these calluseswere devel oped from pollen cellsin the
anther.

A Y ‘Q - <

s, _“ . J.m‘j . | 3
a SR R

Fig. 4: Cellsobserved under microscopes after staining with acetocarmine (@) and (b) cell from somatic
embryogenic calus and (c) cdlsfromthegametic cdlus

Themajor advantage of invitro haploid caluses or cellsisto obtain homozygousdiploid or polyploid
plantsinlesstime ascompared to the gpproachesweretransgenes segregate and then sd ected for homozygous
lines. Hapl oidsfind practical application in accel erated breeding programs asthey have potentia to achieve
homozygosity for thetransformed or edited genesin asingle generation.

Conclusion

Bananasarewiddy cultivated tropicd fruits, but their geneticimprovement ishindered by sterility. The
avallability of embryogenic cdlusisacrucid prerequistefor efficient transformation and genetic modification.
Therefore, developing aprotocol for theefficient production of embryogenic calusisessentid for thegpplication
of geneediting or genetic modification tools. Obtai ning embryogenic cdlusesfrom bananasischd lenging due
to their specific growth characteristics. We report the standardi zed protocol for inducing callusformationin
bananas using ma e anthersand whol eflower asexplants. The protocol waseva uated for different hormones
and their combinations. Theresultsindicated that the highest formation of callus obtained from in-vitro
propagated rejuvenating budsunder Picloramat 2mg/It and TDZ at 0.3 mg/L, athough they were somatic.
The embryogenic calluswereobtained from immature maleflower with application of 0.5mg/lt NAA inN6
CHU media, which have potential usefor genetic transformation or geneeditingin banana
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