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Abstract 

Leaf discs from four strains and petioles from six 
strains of Gossypium hirsutum were cultured on a 
var ie ty  of media. Callus formed from explants on a l l  
media, though embryogenesis was highly speci f ic .  
Embryos formed from only three strain x media combi- 
nations. A small percentage of these embryos 
developed into p lant le ts .  These results demonstrate 
that cotton plants can be obtained from leaf  t issue 
explants. 

Abbreviations: 

BA, benzyladenine; 2,4-D, 2,4-dichlorophenoxyacetic 
acid; GA 3, g ibbere l l i c  acid; Kn, Kinetln; NAA, 
l-naphthalene acetic acid. 

Introduction 

A basic prerequisi te for  the appl icat ion of cel l  
culture techniques to crop improvement is the a b i l i t y  
to regenerate plants from cal lus or suspension 
cultures. Embryogenesis and subsequent plant re- 
generation has been obtained in Gossypium hirsutum 
from cal lus produced from immature t issues, i . e . ,  
cotyledons (Davidonis and Hamilton, 1983), immature 
embryos (Rangan et a l . ,  1984), immature embryos and 
hypocotyls (Mitten et a l . ,  1984), and seedling 
hypocotyls (Trol inder and Goodin, 1985), Embryogenesis 
from mature tissues has been reported in the related 
species, G. klotzschianum (Finer and Smith, 1984), 
Genetic v a r i a b i l i t y  for callus and embryo formation 
has been ident i f ied  among genotypes within strains 
and var ie t ies  of cotton (unpublished). Since very 
few explants can be derived from immature tissue of 
any given genotype (a par t icu lar  embryo or seedling), 
many genotypes must be used for each t issue culture 
experiment, resul t ing in the introduction of genetic 
v a r i a b i l i t y .  Use of explants derived from mature 
t issue would reduce or el iminate th is problem due to 
the larger amount of genet ical ly  ident ical  t issue 
avai lable.  Furthermore, use of mature t issue would 
allow in v i t r o  culture and plant regeneration from 
ident i f ied  genotypes. This report describes proce- 
dures that permit embryogenesis from mature t issue. 

Materials and Methods 

Plant Growth Conditions: 

Plants were grown in a greenhouse in 5 gal. pots in a 
2:1:1 peat, pe r l i t e ,  vermicul i te mixture. Greenhouse 
temperatures were 20-22 ° night/30-37°C day. Explants 
were collected from mature, flowering plants. 

Explant source: 

Leaf discs: Fully-expanded apical leaves from T141, 
T147, Acala SJ-1 and Coker 312 plants were used. 

Petioles: Petioles were removed from leaves at the 
middle of the main stem from TI, T25, T169, Coker 312, 
Acala SJ-5 and Paymaster 303 plants. 

Disinfect ion procedure: 

Leaf discs: Leaves were rinsed four hours in running 
tap water, soaked t h i r t y  seconds in 95% ethanol and 
ten minutes in 10% Clorox bleach, and rinsed three 
times in s t e r i l e ,  d i s t i l l e d ,  deionized water. Leaf 
discs with at least one major vein were excised with 
a s te r i l e  #5 cork borer~ 

Petioles: Petioles were rinsed two to three hours in 
running tap water, soaked twenty seconds in 95% 
ethanol and twenty minutes in 10% Clorox bleach, and 
rinsed three times in s t e r i l e ,  d i s t i l l e d ,  deionized 
water. 

Callus induction/embryogenesis media: 

Leaf discs: Al l  media consisted of Linsmaier and 
Skoog (LS) inorganic salts (1965) with the fol lowing 
modif ications: 

( i )  0.1 mg/l 2,4-D, 0.2 mg/l NAA, 0.I mg/l GA 3, 
0.4 mg/l thiamine 

(2) 0.5 mg/l NAA, 1.0 mg/l Kn, 0.1 mg/l GA3, 
0.4 mg/l thiamine 

(3) 0.1 mg/l 2,4-D, 0.I  mg/l BA, O.l mg/l GA 3, 
0.4 mg/l thiamine 

Petioles: Al l  media consisted of Murashige and 
Skoog (MS) salts and vitamins (1962) with the 
fol lowing modif ications: 

(4) 4.0 mg/l NAA, 1.0 mg/l Kn, I00 mg/l inosi to l  
(5) 4.0 mg/1NAA, 1.0 mg/l Kn, 10 mg/l thiamine, 

i00 mg/l inos i to l  
(6) 0.1 mg/l 2,4-D, 0 . i  mg/l Kn, 10 mg/l thiamine, 

I00 mg/l inosi to l  

Al l  media contained 30 g/l  glucose and were so l i d i f i ed  
with 1.6 g/l  Gelr i te  (Kelco, San Diego, CA) with 0.75 
g/l  MgCI~ to aid in gel l ing.  The pH was adjusted to 
5.5 before autoclaving. 
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Culture protocol: 

Leaf discs: Media were dispensed into 150 ml glass 
jars.  Five jars were used for  each variety-media 
combination; four leaf  discs were placed in each ja r .  

Petioles: Media were dispensed into 8 dram glass 
v ia ls .  Three 1 cm sections were cut from each 
pet io le ,  and each section was placed on one of the 
three media. Each variety-media combination was 
repl icated 36 times. 

A l l  cul tures were incubated at 31°C with a 16 hour 
day/8 hour night photoperiod. As embryos formed, 
they were isolated and subcultured onto MS basic 
medium (MS) modified with 30 g/ l  glucose, I00 mg/l 
i n o s i t o l ,  I0 mg/l thiamine, 1.6 g/ l  Gel r i te  and 0.75 
g/ l  MgCl 9 (Medium 7). The thiamine level was recom- 
mended b~ Trol inder (personal communication). 
Embryos with developed cotyledons and hypocotyls were 
transferred to 125 ml f lasks with 20 ml of s t e r i l e  
deionized, d i s t i l l e d  water and placed on a gyratory 
shaker (120 rpm). Af ter  approximately 48 hours, the 
embryos were returned to Medium 7 for  fu r ther  develop- 
ment. A small percentage developed normally and were 
transferred to s t e r i l e  Pro-Gro 300S (Pro-Gro 
Industr ies,  Elizabeth Ci ty,  NC), moistened with 
l i qu id  Medium 7. Eventual ly,  the plants were trans- 
ferred to the greenhouse. 

Results and Discussion 

Al l  genotypes i n i t i a t e d  cal lus wi th in  two weeks. On 
leaf  disc explants, cal lus formed on the disc edges 

and from the midrib, The cal lus which formed from 
the edges of the leaf  discs was br ight  green and white 
and very hard. This cal lus is not favorable for  
embryogenesis. The midrib cal lus was brown to 
grayish-white and f r i ab l e ;  these are character is t ics  
of embrypgenic ca l lus.  Such cal lus formed from 
several media x genotype combinations, but only the 
combination of Coker 312 on medium 2 ac tua l ly  produced 
embryos. Three of the twenty leaf  discs produced 
embryos. 

As the leaf  midrib is an extension of the pet io le ,  
the s u i t a b i l i t y  of pet io le t issue for  embryogenesis 
was invest igated. Callus formed from a l l  6 stra ins 
on a l l  3 media and was character is t ic  of embryogenic 
ca l lus.  Again, the embryogenic response was genotype 
spec i f ic ;  only cal lus from T25 and Coker 312 explants 
produced embryos (Table 1). Embryo development is 
i l l u s t r a t ed  in Fig. I .  

Table 1 

Percentage of embryogenic pet io le c a l l i  
Media 

Strain 4 5 

T1 0 0 0 
T25 29.6 12.5 23.3 
T169 0 0 0 
Acala SJ-5 0 0 0 
Coker 312 22.2 41.6 6.5 
Paymaster 303 0 0 0 

Fig. I .  G. hirsutum embryo development. A. Embryos d i f fe ren t ia ted  from cal lus (11X). B. Further development 
of isolated em-~75~-6-s--(9X). C. Germinated embryos with cotyledons and hypocotyls evident (TX). D. Plant 
regenerated from T25 embryo. 



Clearly,  these data indicate that embryogenesis in 
cotton is strongly affected by genotype, Coker is 
par t i cu la r l y  embryogenic, forming embryos on several 
media and explant sources (Davidonis and Hamilton, 
1983; Mitten et a l . ,  1984; Trol inder and Goodin, 
1985). Data obtained in our laboratory revealed that 
strain T25 is also highly embryogenic, exhib i t ing 
behavior s imi lar  to Coker. I t  is interest ing to note 
that media used to obtain embryos from mature T25 
tissue also supports embryogenesis from immature 
(hypocotyl) T25 explants (unpublished). Additional 
studies are being conducted to develop a medium to 
optimize embryogenesis from mature t issue. 
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