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ABSTRACT 
 

Immature embryos and immature inflorescences represent the best explants for indirect sorghum 

regeneration. However, obtaining these explants from field or greenhouse-grown plants requires a lengthy 

cultivation period. Therefore, shoot apices from seedlings offer a great advantage for readily obtaining explants 

to sustain the demands for gene transformation experiments throughout the year. Here we report a rapid 

regeneration protocol from seedling shoot apices for two Egyptian sorghum lines; LG1 and LG3. Callus 

induction media, CIM1 and CIM2, which differ in the concentration of the synthetic auxin 2,4-

Dichlorophenoxyacetic acid (2,4-D) and Kinetin (Kin), were indifferent in their capacity to promote callus 

formation in the two genotypes, however, the response of the two genotypes to callus induction was significantly 

different. The lowest callus indication percentage and the highest callus induction percentage were 16.60% and 

33.65% for LG3 on CIM1 and LG1 on CIM2, respectively. The difference in the regeneration from callus for the 

two genotypes was non-significant and was as low as 11.29% and as high as 20.15%. Our results show the 

potential of utilizing these Egyptian sorghum lines in tissue culture for transgenic and gene editing.  
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INTRODUCTION 
 

Sorghum is the world’s fifth most important cereal crop 

(Hao et al., 2021; Ndlovu et al., 2021). Typically, sorghum is 

grown in Africa, Asia, South America, and the United States in 

areas with high temperatures and low rainfall as food, fodder, 

fuel, beverage, and starch for industrial purposes (Hossain et al., 

2022). In the era of genomics and genome editing, genetic 

improvement and functional genomics in sorghum are yet 

lagging behind other cereal crops (Hao et al., 2021; Lee et al., 

2023), and this is majorly attributed to its recalcitrance to plant 

regeneration and thereby to genetic transformation (Zamzam, 

2014; Hao et al., 2021). Therefore, improving sorghum 

regeneration via indirect somatic embryogenesis and 

organogenesis is essential to facilitate the genetic transformation. 

Sorghum regeneration has been achieved from various types of 

explants: immature embryos, immature inflorescence, mature 

embryos, anther, leaves, and shoot apices (Zhong et al., 1998; 

Maheswari et al., 2006; Zhao et al., 2010; Assem et al., 2014; 

Wu et al., 2024). Among these different explants, either 

immature embryos or inflorescences are more commonly used 

for transgenesis and genome editing (Liu et al., 2019; Chou et 

al., 2020; Che et al., 2022, Li et al., 2024), largely due to their 

increased regeneration frequencies. However, procuring the 

immature embryos and the immature inflorescences requires a 

lengthy cultivation period and is restricted to the season of 

sorghum cultivation. These difficulties in obtaining appropriate 

explants have constrained sorghum tissue culture and stable 

transformation and thereby genome editing in sorghum has 

fallen behind other cereals (Lee et al., 2023).  Therefore, 

seedling shoot apices offer a great advantage for readily 

procuring explants to sustain the demands for genetic 

transformation experiments throughout the year. However, this 

necessitates continuous efforts to improve the frequency of 

indirect sorghum regeneration from shoot apices to increase the 

frequency of regenerating transformed plantlets. Accordingly, 

the current study investigates the capacity of callus induction 

and plantlet regeneration from shoot apices of two Egyptian 

sorghum genotypes. 
 

MATERIALS AND METHODS 
 

Mature grains of two Egyptian Sorghum bicolor local 

germplasms (LG): LG1 and LG3 were used. Mature grains 

were surface sterilized using 50% commercial Clorox (5.25% 

Sodium hypochlorite) supplemented with 2-3 drops of Tween 

20 for 30 minutes. Following that, grains were rinsed five 

times with sterile double distilled water and were aseptically 

germinated on seed germination media (GM) in Mjenta 

Boxes. After 48 hours of germination, 3 mm sections of shoot 

apices constituting the apex and portion of the mesocotyl were 

carefully dissected from the germinating seedlings. A vertical 

slit or cut was made at the base of each dissected apex to 

enhance callus initiation from the wounded tissue. These 

explants were then cultured on Callus Induction Media (CIM) 

in the dark at 25 °C. Two media, CIM1 and CIM2 were tested 

for callus induction. Subcultures were carried out at every 13d. 

interval and at the time of each transfer, leaves, coleoptiles, 

and elongated shoots were removed from the explant to 

expose the shoot apices.  

Calli developed on the two callus induction media were 

transferred to the regeneration media designated as Shooting 

Media (SM) after 30-35 days. Calli on regeneration media were 

kept at 25 °C under 16/8 h. light/darkness regime. Calli-derived 

shoots were transferred onto rooting media designated as 
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Rooting Media (RM) in Majenta boxes. Subsequently, plantlets 

were acclimatized as described in Assem et al. (2014). 
 

Table 1. The composition of culture media in the current 

investigation 
Components GM CIM1 CIM2 SM RM 
MS  2.2 g/l 4.4 g/l 4.4g/l 4.4g/l 2.2 g/l 
2,4-D ………. 0.5 mg/l 2 mg/l ………. ………. 
Kin ………. 0.5 mg/l 0.1 mg/l 1.5 mg/l ………. 
NAA ………. ………. ………. ………. 1 mg/l 
Sucrose  10 g/l 30 g/l 30 g/l 30 g/l 20 g/l 
PH 5.8 5.8 5.8 5.8 5.8 
Phytagel  3 g/l 3 g/l 3 g/l 3 g/l 3 g/l 
 

Statistical analysis 

For callus induction, the means were derived from 

two independent experiments with an average number of 

~50 explants (excluding the contaminants) per experiment 

for each genotype-media combination. For shoot 

regeneration, the frequency was calculated as a number of 

regenerated calli/number of embryogenic calli * 100. The 

means were derived from 4 independent experiments with 

an average number of ~12 embryogenic calli (excluding the 

contaminants) per experiment for each genotype. The 

statistical difference between the means was evaluated by 

the student t-test using GraphPad Prism Version 9.0.0. 
 

RESULTS AND DISCUSSION 
 

Sorghum bicolor is grouped on the basis of plant height 

into short (3-6 feet) and tall verities (6-12 feet) where the short 

verities are largely grain type and the tall verities largely silage 

type (Avci, 2019). In the current study, we investigated the 

capacity of callus induction and regeneration from shoot apices 

for two tall Egyptian sorghum lines; LG1 and LG3. Two callus 

induction media that differs in the concentration of the synthetic 

auxin 2,4-D and Kin were utilized. Callus initiation from both 

genotypes was observed typically 10-15 days after inoculation. 

Two types of embryogenic calli; translucent and compact white 

calli were observed (Figure 1 A and C). The occurrence of the 

translucent calli was prevalent. Importantly, both calli were 

capable of regeneration (Figure 1 B and D). The regenerated 

shoots developed roots within two weeks of transferring to the 

rooting medium, RM (Figure 1E). The regenerated plantlets 

were acclimatized as described in Assem et al. (2014) and the 

mature plants were normal (Figure 1F) and fertile.  

Our results indicated that the response of LG1 and LG3 

to callus induction was significantly different (Figure 1G), 

indicating that callus induction from shoot apices in sorghum is 

genotype dependent. Importantly, the frequency of callus 

induction from either genotype was not significantly altered on 

the two callus induction media (Figure 1G). The lowest callus 

indication percentage and the highest callus induction 

percentage were 16.60% and 33.65% for LG3 on CIM1 and 

LG1 on CIM2, respectively. The difference in the regeneration 

from callus for the two genotypes was non-significant and was 

as low as 11.29% and as high as 20.15% (Figure 1H). This 

suggests that differences in the overall regeneration capacity 

from shoot apices among different genotypes may be attributed 

to initial differences in the capacity of embryogenic callus 

induction. Therefore, highlights the requirements for optimizing 

the initial stage of callus induction  

Sorghum is one of the most recalcitrant plant species for 

regeneration and transformation (Zhao et al., 2010). This 

recalcitrance is attributed to various factors such as genotype 

dependence, secretion of phenolics, and low frequency and 

prolonged phase of somatic embryo regeneration into plantlets 

(Jogeswar et al., 2007; Raghuwanshi and Birch, 2010). Although 

sorghum regeneration has been rereported from various explants, 

immature embryos and immature inflorescences are more 

commonly used for genetic transformation due to their efficient 

regeneration (Zhao et al., 210; Assem et al., 2014; Assem et al., 

2017a,b; Lee et al., 2023; Wu et al., 2024). However, obtaining 

these explants is seasonally limited and requires a lengthy 

cultivation period. Therefore, seedling shoot apices offer a great 

advantage for readily obtaining explants to sustain the demands 

for gene transformation experiments throughout the year. This 

however prerequisite for the development of efficient 

regeneration systems for different genotypes.  
  

                                      
Figure 1.  Callus formation and plantlet regeneration. A) Translucent embryogenic callus. B) White compact callus. C) 

Translucent callus on the regeneration media showing green foci developing into shoots (red arrow). D) 
White compact callus on regeneration media. The white arrow points at the regenerated shoot. E) 
Regenerated plantlets on rooting media. F) Regenerated plants grown in green house facility. G) Bar graph 
depicting the percentage of callus induction for the two lines; LG1 and LG3 on the two callus induction 
media; CIM1, CIM2. H) Bar graph showing the percentage of callus regenerated into shoots. Scale bars 
equal to 0.5 mm in panels A-C, 1 cm in panel E and 25 cm in panel F. One and two asterisks denote 
significant difference at Pvalue < 0.05 and Pvalue < 0.01, respectively.  

 

 

On comparison of callus induction and shoot 

regeneration from immature embryos (Assem et al., 2014) 

and from shoot apices in this study, the LG3 displayed nearly 

twice as much increase in callus induction from immature 

embryos. However, the reduced callusogenesis from shoot 

apices may be compensated by the possibility of performing 
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frequent experiments throughout the off-season months. 

Together, our results demonstrate the regeneration capacity of 

two Egyptian sorghum lines from shoot apices and 

recommend their utilization in tissue culture for transgenic and 

gene editing when more competent explants, immature 

embryos and immature inflorescences, are unavailable.   

CONCLUSION 
 

Two Egyptian Sorghum bicolor lines, LG1 and LG3, 

produce embryogenic callus and are capable of regeneration 

from shoot apices. Therefore, these lines are valuable for 

conducting transformation experiments throughout the year 

and may accelerate the genome editing and the genetic 

improvement of the Egyptian sorghum lines.  
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النقل الوراثي  بهدفنباتات كاملة من خلال زراعة الأنسجة  لإنتاجواعدة ية أنسجة نبات: للساق القمم النامية

 للجينات في نباتات الذرة الرفيعة المصرية على مدار العام

 2وشيرين كمال عاصم 1محمد زمزم

 مصر -جامعة الأزهر -بالقاهرة كلية الزراعة -قسم النبات الزراعي -فرع الوراثة 1
 مصر -الجيزة -مركز البحوث الزراعية -اثية الزراعيةمعهد بحوث الهندسة الور -اتيةقسم البيولوجيا الجزيئية النب 2

 

 الملخص
 

من  جزاءمباشر للذرة الرفيعة. لكن الحصول على هذه الأ الغير (regeneration) التكشف لإعادةالممتازة  (explants) النباتية جزاءغير الناضجة من الأ نورات الزهريةتعتبر الأجنة وال 
شتلات ال منبسهولة  عليها لحصولا لإمكانية . لذلك توفر القمم النامية للساق ميزة كبيرة وذلكويمكن فقط خلال شهور موسم الزراعة الصيفي ات المزروعة في الحقول يتطلب فترة زراعة طويلةلنباتا

الغير مباشر من القمم  (regeneration) لأعادة التكشفبروتوكول  في هذه الدراسة نقدم على مدار العام. (transformation) نقل الجيناتتجارب  مكانية اجراءا يوفر وهذا المستزرعة في المعمل
 -نمومنظمات ال في تركيز النمو تيبيئ ، تختلفCIM2و CIM1 هما (Callus)الكلس  لإنتاج (media) نموبيئتي تم تجربة .  LG3و LG1من الذرة الرفيعة هما  النامية للساق لصنفين مصريين

ختلفة معنويا لكن لم يكن هناك اختلاف معنوي لتأثير بيئتي النمو على الكالس كانت م ستحداثاستجابة الطرازين الوراثيين لا . (kin) والكينيتين 2,4-D  (synthetic auxin)الاصطناعيالأوكسين 
أعادة تكشف في  معنويا افرق يظهر، على التوالي. لم CIM2على  LG1و CIM1على  LG3% لـ 33.65% و16.60كالس لل استحداثوأعلى نسبة  استحداث نسبة ظهرت أقل. استحداث الكلس

 ات.الجين عديلالجيني وت نقلالذرة الرفيعة المصرية في زراعة الأنسجة لغرض ال اصناف. تظهر نتائجنا إمكانية استخدام محل الدراسة لتركيبين الوراثيينابين  (regeneration) من الكالس النباتات


