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Abstract. Callus and plant regenertion were induced from shoot portions of mature embryos
(dry seeds) of live high tannin Sormr hicolor (L.) Moench cultivars. The explants were 
cultured on Murashige and Skoog medium with altered concentrations of"5 salts, supplemen
ted with 150rg L L-asparagine. 5mg L 2.4-Dichlorophenoxyacetic acid and 0105mg/L
kinetin. Calli which were yellow and globular were formed with 70 90% frequencies. The 
subculture medium which gave best results was MS with 2mg!L 2,4-Dichlorophenoxyacetic
acid and 0.51ng L kinetin. Plants were regenerated on MS medium supplemented with 
150ig L L-asparagine and 0.2 rg L kinetin with regeneration frequencies of II -48 %. 

Abbreviations. 2,4-1): dichlorophenoxyacetic acid 

Introduction 

Callus induction and plant regeneration in sorghum (Sorghutm hicolor L. 
Moench) was first reported from cultures of seedling tissue by Masteller and 
Holden [1]. Subsequent reports have confirmed the use of seedlings [2, 3] and 
extended the source of the callus to immature embryos [2, 4-7], scutellum of 
mature embryoN [5], inflorescences [8], leaves [9], germinating seeds [10] and 
anthers [I1]. Shoot parts of the mature embryo (from dry seeds) have not 
been reported as a source of explants. Although immature embryos and 
young inflorescences are the most readily cultured explants in the cereals, 
they must be obtained from field or grenhouse grown plants during a limited 
period. Mature embryos therefore offer a great advantage for readily obtain
ing explants. Moreover, the procedure for induction of callus from mature 
embryos is more convenient than from seedlings. A few examples of mature 
embryos used as explants for callus culture in cereals have been reported.
Olien et al. [12] established a procedure for initiation of callus from rye and 
barley embryo pieces, and plants have been regenerated from the calli 
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derived from mature embryos of pearl [13] and Hiproly [14] barley. We now 
report induction of calli and plant regeneration from shoot portions of 
mature sorghum embryos. 

Materials and methods 

Because of our continuing interest in the nutritional [15] and agronomic [16] 
characteristics of high tannin sorghums, as well as the effects of possible 
synthesis [I 7] of tanninls in cultured cells, cultivars selected for this investiga
tion all contain relatively high amounts of tannins in the grain, and most of 
the cultivars are also relatively rich in total phenols. protein precipitable 
phenols. flavan-4-ol monomers, and pigments (Table 1)[18]. Included in 
Table I for comparison are examples of' well-known high and low tannin 
sorghums. We have observed that high tannin sorghuIms have a propensity 
to produce large amounts 01 toxic phenolics in culture and are especially 
diflicult to culture as callus in comparison to low tannin sorghums. The 
selected cultivars represent a variety of agrofiomic types. 

Sorghum grain from open-pollinated heads was produced at the Purdue 
Agronomy Farm, West Laflayette, Indiana. under the supervision of Dr. 
John Axtell. Grain was stored for 2 -4 years at room temperature before use. 
Seeds selected lor absence of damage and for cleanliness were surface
sterilized in 70% ethanol and 50% commercial bleach for 2 and 20 minutes 
respectively. followed by washing, then soaked in sterile distilled water 
andor placed in a dish with wet filter paper (Whatman No. 1)up to 24 hr. 
At the stage where the coleoptiles just break through the seed coat, sprout 
tops or shoot portions of the embryo (l- 1.5 mm in size) were excised by 
either peeling o11the coleoptile or bisecting the shoot longitudinally into two 
pieces. The explants were plated on agar-solidified nedium and incubated 
in the dark for callus initiation. The induction medium contained the 
inorganic, vitamin, and amino acid components of' Murashige and Skoog's 
mediuma [19] but the concentrations of some salts were changed to (in rag/L) 
880 calcium chloride 2.HO,41.775 ferrous sulfate, 55.95 disodium EDTA, 
29.43 manganese sulfate 4"HO.9.0 zinc stllfite 7"1-0, and was sup
plemented with 150 mg/L L-asparaginc, 5mg/L 2,4-D, 0.05 ng/L kinetin 
and I5gi sucrose. After 3 to 4 weeks, cultures were transferred to weak 
diffuse light (about 500 Lux) and were transferred at 20-30 day intervals. 
The subculture mcdium was the same as MS mediuzIn [19] but with 2 or 
3mgiL 2.4-D. 0. I or 0.5 mg/L kinetin or 10% (v/v)coconut water and 30 g/L 
sucrose. Plant regeneration was conducted with a 14-1hour day (light 
provided by Sylvania white F40 fluorescent tubes, 1.500-2,000 lux) and 



Table I. Polyphenol analyses of sorghum colitivars studied/ 

Cultivar Group Seed 
color 

Testa 
color 

Pigment
An,, 

Tannin assays 

Vanillin Proanthocyanidins Protein precipitable 

F-4-ols 
A,, 

Total phenols
Klett units 

A.,, A,.41 phenols A,,,, 

IS2830 
IS3150 
1S4225 
IS6881 
IS8260 

Ill 
Ill 
III 
Ill 
III 

Brown 
Brown 
Brown 
Buff 
Reddish 

Brown 
Brown 
Brown 
Brown 
Brown 

0.04 
0.51 
0.67 
0.12 
0.86 

0.51 
1.18 
1.38 
1.9 
5+ 

0.73 
1.74 
1.42 
2.4 
6+ 

0.08 
0.422 
0.198 
0.52 
0.32 

0.028 
0.84 
0.485 
0.11 
0.85 

94 
324 
188 
390 
518 

IS8768 II 
Brown 
Gray Purple 0.09 1.03 1.16 0.29 0.037 235 

Standard high tannin line for comparison 
BR64 III Brown Brown 0.14 1.45 3.12 0.475 0.19 372 

Standard low tannin line for comparison 
IS0469 I Lemon None 0 0 0 0.02 0 17 

Yellow 

'For definitions of groups and for assay methods see [181. 
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10-hour night photoperiod after 1-2 subculture times. Temperatures for the 
whole process wner kept between 25-27 C. The regeneration medium was 
also MS supplemented with 150 mgiL-asparagine, 0. 1 or 0.2 mg/L kinetin, 
0 or 5mg/L NAA, and with no 2,4-D. The media were adjusted to pH 5.7 
with 0.IN NaOlH and autoclaved for 15 min at a pressure of 1.5kg/cm-'. 

Results 

About 7-10 days after inoculation, callus formed on the swelled shoot parts 
of the mature embryo, even on the blackened explants taken from seeds 
containing high levels of tannins and/or pigments (Fig. I). The calli were 
yellow and globular. Based on a i.inimum of 100 explants for each cultivar, 
the callus induction frequencies ianged from 70-90% (Table 2) except for 
IS8260 which produced much more purple pigment. Culturing the meso
cotyl and root sections of mature embryos taken from the same seed lots 
gave no yellow callus: the explants swelled and then blackened, producing 
only very small dark slow growing callus which eventually died. During the 
subculture stage callus proliferated well (Fig. 2) although genotypic differen
ces were apparent. For example, the callus from IS4225 grew quickly and 
was generally green-yellow (Fig. 3) but that from IS8260 callus grew slowly 
and was grey-black. In most cases, the callus was originally yellow and 
gradually turned white or green-yellow. More of the calli blackened (Fig. 4) 
and died after the second subculture time. Roots usually appeared on 

FI,,. I. Callus initiated fron shoot parts of mat ure sorghum embryos after 12 days inoculation
 
(var. IS8768).
 
Fig. 2. The first subculture of sorghum callus showing yellow globular structure (0.5 mg/L
 
kinetin. 3mg,2.4-D) (IS4225).
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idhe 2. lrequenci,.es of' callus induction from shoot portions of .tit'ture embr.os f1lhigh 

lilnil sorghmln. 

( riiot pes 	 No. of'eml+ryos No. of calli Freq. of calli 
inocuilated lormed formalion (0h 

1SS260 	 150 64 	 42.7 
ISS768 	 1() 72 	 72.0 
IS4225 	 201 166 	 83.0 
IS3 1 0 	 160 139 86.9 
1S2s3 ( 	 2)0 182 91.0 
IS6881 	 160 125 	 78.1 

)•:' '*}.
 

FA!. 3 lhc wcond suhculttre howming white and green-structure 10.5 ng L kinetin. 2 ig/L 
2.4-I1)) 1(IS4225). 

li'. 4. Whilc callus m iitlitId 84 da.s 0Y."768). 

subculture. and somletimes ,.rcel Shoots were seen ol mLedium containing 
(.5lug L kinetin. The callus cultutired ol subculture medium containing 
0.1 Img L kinetin pave fewer shoots. Il most cultures purple or brown 
pigments (referred to as blackening by Mastellar and Holden. 1970) diffused 
into th medium: some lines such as IS2830 or IS3150 produced less. When 
transflerred to regeneration mediim live of the six cultivars regenerated 
plantlets (Fig. 5). IS8260 gave rise to roots but no shoots Under these 
conditions. 0f" the three regeneration media, that containing 0.21mgiL
ki netin gave more regenerated plants than that with 5mg L NAA with or 
without 0.I mg L kinetin. In suitable conditions the f'reqttency* of' callus 
diflerentiati ng shoots and the frequtencv** of' plants regenerated frolll the 

*-req. 1'calli difllerCntiating shoots: No. of calli dilerenliialing shoots No. of calli trans
lerred lt rcgenerlion cultUre. 
*Freq. of' plants regenerated: No. of plants regenerated No. of calli transflerred to regenera

tion culture. 

http:lrequenci,.es
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5 
Fi. 5. Shoot fornation (0.2 ing L kinetin. 0 2.4-1)) 11S8768). 

Tahh' 3. Regeneration requencies or calli iIduced from shoot portions of mature embryos of 
high tannin soi.tflum. 

Genotypes 	 No. of calli* No. of calli No. or plants Freq. of 
transferred to differentiating regenerated regeneration 
regeneration lediiun shoots III (% 

II 	 11:1 Ill/I 

!S4225 	 132 39 64 29.5 48.5 
IS3150 	 I is 40 37 33.9 31.4 
V,8768 145 31 65 21.4 44.9 
1S6881 61 16 14 26.2 22.9 
IS2830 82 9 9 11.0 11.0 
*The calli were sueu !.ured on media containing 0.5 mg, L kinetin and were transferred to the 
regeneration medium containing 0.2 mg L kinetin. 

Fig. 6. A cluster of sorghum plantlets with one albino (18768). 
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live cultivars varied from 11-48"i' (Table 3). These calli have been main
tained on subculture meditum for as long as 9 months, and so far over 700 
plants have been obtained. An albino plant which appeared in plants 
regenerated from IS8768 is shown in Figz. 6. 

These results show that using mature embryos as explants for callus 
cultures of sorghum ma not only enable us to simplify the culture 
procedure. but also to get regenerable cultures, even from high tannin 
cultivars. 
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tained oil subculture medium for as long as 9 month:;, and so ftar over 700 
plants have been obtained. An albino plant which appeared in plants 
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