170
Original Papers Plant Tissue Culture Letters, 7(3), 170-176 (1990)

Effects of Plant Growth Regulators on the Response
in Immature Wheat Embryo Culture

Hong-jun Liu,* Shuji Misoo,** Osamu Kamuma** and Minoru Sawano**

¥ Department of Biological Production, the Graduate School of Science and
Technology, Kobe University, Kobe 657, Japan
** Laboratory of Plant Breeding, Faculty of Agriculture,
Kobe University, Kobe 657, Japan

(Received May 1, 1990)
(Accepted July 30, 1990)

The purpose of this study was to investigate the effects of 2,4-D, 6-furfurylamino purine (kine-
tin), and abscisic acid (ABA) on the response of cultured immature wheat (Triticum aestivum L)
embryos, by evaluating direct germination, callus growth, shoot regeneration and its development.

The reduction of 2, 4-D concentration or the addition of kinetin to callus induction media pro-
moted direct germination of cultured embryos, whereas the addition of ABA suppressed it ex-
tremely. Callus growth was promoted by reducing 2, 4-D concentration or by adding ABA at lower
concentrations, though these alterations did not affect the frequency of callus formation. Concen-
trations of 2, 4-D in callus induction media did not affect the frequency of subsequent shoot regen-
eration from calli; however, the regenerated shoots developed rapidly when calli were induced
at lower 2, 4-D. The addition of kinetin or ABA significantly improved the shoot-forming ability
of callus cultures, especially in less responsive cultivars.

Regenerative potential of callus cultures varies significantly depending on the donor cultivars or
organs. Regeneration in wheat has been demonstrated for numerous cultivars by culturing immature
embryos.!~® However, callus cultures of some cultivars produce few shoots,**™**> and even attempts
to induce callus from several other cultivars have failed.”> Consistent shoot formation occurs for most
cultivars when 2, 4-D is used as the auxin source.®~*> However, no callus formation was observed
when IAA or naphthalene acetic acid (NAA) was used as the only auxin source.”” Also, it has been
known that the optimum concentration of 2,4-D for callus formation differs among cultivars, and
regenerative potential varies among calli induced at different 2, 4-D concentrations.'® Recently, with
increased understanding of hormonal and nutritional requirement of various morphogenetic processes,
further improvement has been achieved in wheat tissue culture. The frequency of embryogenic callus
formation from immature wheat embryos increased by using the combination of 2,4-D, NAA, and
6-benzyladenine (6-BA) rather than 2,4-D only,'® and pollen embryoid formation was promoted by
ABA in wheat anther culture.l®!” In the present study, we report that efficient shoot formation could
be realized especially in less responsive cultivars by applying different hormonal combinations in callus
induction medium.

Materials and Methods

Four cultivars, Chinese Spring (C. S.), Aobakomugi, Norin No. 61, and Nongda 146 were chosen for
their response to tissue culture in the previous study.!® Immature caryopses were taken from main
spikes at 10 to 14 days postanthesis and were surface-sterilized first in 70% ethanol for 10 sec, then in
1. 5% sodium hypochlorite solution with a drop of Tween 20 for 10 min, followed by several rinses
with sterile distilled water, Ten embryos, which were selected for uniformity of about 1 mm in diam-
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eter, were cultured on a disposable petri dish (100X 15 mm) with the scutellum upwards. At least
30 embryos were cultured for each treatment. Petri dishes were sealed with Novix-1[ (Iwaki Glass
Co. Ltd.) and incubated at 26+-1°C in the dark. After 3 weeks, frequencies of direct germination and
callus formation, diameter and fresh weight of calli were assessed. The calli were transferred to regen-
eration medium and incubated under fluorescent illumination of about 2, 000 lux (14 hr/day) at 26 +1°C
for 4 more weeks to determine their shoot-forming ability.

The basal medium was the formula of Murashige and Skoog (MS) supplemented with 3% sucrose.
The kinds and concentrations of growth regulators were modified as shown in Tables 1-3. All the
media were adjusted to pH 5.8 and autoclaved for 15 min at 120°C.

Results

Frequencies of direct germination in cv. C. S., Aobakomugi, and Norin No. 61 on the control medium
(2,4-D, 2 mg/l) were 20.0, 0, and 1. 9%, respectively (Table 1). Their frequencies increased to 38.9,

Table 1. Effects of 2,4-D and kinetin (KN) in callus induction media
on the response of cultured immature wheat embryos.

Conc. (mg/l) Direct Callus diameter Shoot
Cultivars —— germination (mm)?’ regeneration
2,4D KN (%) (Mean+SD) (%)
2 0 (Cont.) 20.0 5.1%0.3 be 80. 7
2 0. 25 25.0 5.3+0.4 cd 98. 2
2 0.5 35.3 5.340.3 cd 97.7
2 1 39.6 5.0+0.4 ab 100. 0
Chinese 2 2 54.9 4.8%0.4 a 97.8
Spring 10 38.9 5.7£0.6 £ 100.0
1 0. 25 54.7 5.6+0.4 ef 100.0
1 0.5 64.7. 5.470.3 de 100. 0
1 1 71.7 5.47%0.4 de 100.0
1 2 73.6 4.9%0.4 ab 91.7
2 0 (Cont.) 0 5.0+0.4 a 95.9
2 0.25 2.0 5.3+0.4 ab 100.0
2 0.5 8.0 5.5+0.4 bed 94. 4
2 1 9.8 5.4+0.4 be 100.0
Aoba- 2 2 13.5 5.00.4 a 100.0
komugi 1 0 11.8 6.4:0.6 e 97.9
1 0.25 19.6 5.8+0.6 d 100. 0
1 0.5 25. 9 5.740.5 cd 100.0
1 1 26. 9 5.6=0.5 bed 100.0
1 2 30.8 5.3+0.4 ab 100. 0
2 0 (Cont.) 1.9 5.2+0.5 a 55. 8
2 0. 25 5.7 5.4+0.5 ab 95.9
2 0.5 7.8 5.2+0.5 a 97.9
2 1 9.4 5.2+0.5 a 88.7
Norin 2 2 12.0 5.4%+0.5 ab 98.0
No. 61 1 0 5.6 5.7£0.7 b 57.1
1 0. 25 21.1 5.8+=0.7 b 96. 2
1 0.5 21.2 5.540.7 ab 80. 4
1 1 47.9 5.7+0.6 b 96. 0
1 2 66.7 5.4%+0.5 ab 91.1

Data in the same column followed by different letters are significantly different
at 1% level of probability according to Duncan’s multiple range test.

2 After 3 weeks of culture on callus induction media.

b After 4 weeks of culture on regeneration media.

Cont. : control.
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11. 8, and 5. 6%, respectively, when 2, 4-D was used at 1 mg//. - The addition of kinetin also promoted
direct germination. The maximum frequencies were 73.6, 30.8, and 66.7% in the three cultivars,
respectively. The concentration of either 2,4-D or kinetin did not affect the frequencies of callus
formation, which showed 100% for all the cultivars and treatments. In the three cultivars, mean
diameters of calli were significantly longer when 2, 4-D was used at 1 mg// than at 2mg/l. The added
kinetin promoted callus proliferation in medium containing 2 mg/l of 2,4-D, but suppressed that in
medium containing 1 mg/l of 2,4-D.

In the responsive cultivars (C. S. and Aobakomugi), the frequencies of shoot regeneration were nearly
100% in all the treatments except the control of C.S. (80.7%). In a less responsive cultivar (Norin
No. 61), however, the frequencies were low (55.8 and 57.1%) when the calli were induced on media
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Fig. 1. Comparison of shoot development from calli formed on callus
induction media containing 2,4-D and kinetin with different
combinations (cv. Chinese Spring).
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Fig. 2. Comparison of shoot development from calli formed on callus
induction media containing 2,4-D and kinetin with different
combinations (cv. Norin No. 61).
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containing only 2,4-D at 2 or 1 mg/l. On the contrary, shoot regeneration was significantly promoted
in this cultivar by adding kinetin to callus induction media even at low concentrations. This regenera-
tion-promoting effect of kinetin was not influenced by concentrations of 2, 4-D.

Figures 1 and 2 show the developmental states of regenerated shoots from C. S. and Norin No. 61,
respectively. In both cases, the frequencies of shoot regeneration were not affected by the concentration
of 2,4-D. However, the proportions of callus that produced shoots longer than 3 cm were obviously
higher in the treatments of 2,4-D at 1mg// than in those at 2 mg/!l.

As shown in Table 2, direct germination of immature embryos was extremely suppressed by the
addition of ABA even at 0.1 mg//, and was suppressed completely when applying ABA at more than
0.4mg/l. Frequencies of callus formation showed approximately 10094 in almost all the treatments,
being not affected by the addition of ABA. The calli proliferated rapidly in the presence of ABA at
all the concentrations except 1.2mg//: The mean callus diameter on ABA-free medium (3.8 mm)
increased up to 5.5 mm on the medium containing ABA at 0.4 mg//. The mean fresh weights of
calli were closely related to their diameters, that is, the calli gained in fresh weight as the ABA con-
centration increased in the range of 0.1-0.4mg/l. The calli that were initiated on the medium con-
taining 2 mg/l of 2,4-D and 0.4 mg/! of ABA showed the maximum fresh weight of 78. 8 mg. This
quantity was about twice as much as that of calli formed on the medium containing 2, 4-D only.
Moreover, subsequent shoot regeneration from these calli was significantly promoted. The proportion

Table 2. Effects of ABA in callus induction media on the response of
cultured immature wheat embryo culture (cv. Nongda 146,
grown in the field). :

ABA* Direct Callus diameter Callus weight Shoot
(mg/l) germination . (mg)® regeneration
(%)* (mm)* (Mean=SD) (%)®
0 42.9 3.8+0.5 a 41.94+0.5 a b3.7
0.1 5.6 : 4,3%0.7 a 50.1%3.2 ab 61.1
0.2 2.9 4,9+0.9 b 54.9%1.9 ab 67.6
0.4 0 5.5+1.0 ¢ 78.8%5.8 ¢ 93.3
0.8 0 4.8+0.7b 61.2+1.6 b 78.4
1.2 0 3.8£0.5 a 43.1£1.3 a 51.4

* Concentration of 2,4-D in callus induction media was 2mg/l.
b and letters a, b, c¢: see Table 1.

Table 3. Effects of different combinations of 2,4-D, KN, and ABA in
callus induction media on the response of cultured immature
wheat embryos (cv. Nongda 146, grown in Koitotron).

Conc. (mg/f) Direct Callus Callus Shoot
germination formation weight  regeneration

2,4D  ABA KN (%)* (%) (mg)®? (%)P
2 0 0 13.9 100 33.5 77.1
1 0 0 57.1 100 44.6 82.9
1 0 0. 25 51.4 100 40.1 89.3
1 0 1 55.9 100 31.7 83.3
1 0.1 0 16.2 100 . 23.4 90.5
1 0.1 0. 25 19.5 100 18.2 82.1
1 0.1 1 5.0 o 95.0 15. 8 91. 4
1 0.4 0 0 100 20.8 71. 4
1 0.4 0.25 2.8 97. 2 18.0 48.6
1 0. 1 2.3 68. 2 14.8 66.7

ab: see Table 1.
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of calli that formed shoot increased up to 93.3% by supplying them with 0.4 mg// of ABA, while
it decreased down to 51.49% when ABA was used at 1.2 mg/l.

In Table 3, effects of various combinations of 2,4-D, kinetin, and ABA in the callus induction
medium were investigated. The reduction of 2, 4-D concentration from 2 to 1 mg// promoted callus
growth and subsequent shoot formation. Contrarily, the addition of kinetin and/or ABA to medium
containing 1mg/Z of 2, 4-D tended to suppress callus growth. The mean fresh weight of calli formed
on the medium containing both 1 mg/l of 2,4-D and 0.4 mg/! of ABA showed only 20.8 mg, which
was less than half of that obtained on the medium containing only 2,4-D at 1 mg//. The addition of
kinetin at 0. 25-1 mg// and/or ABA at 0.1 mg// promoted shoot formation. However, the addition of
ABA at 0.4 mg/l inhibited it irrespective of kinetin concentration.

Discussion

Plant growth regulators, especially auxin, are known to play a very important role in the process
of callus induction and its proliferation in plant tissue culture. In immature wheat embryo culture,
2,4-D is widely used at 2 mg/l for its effectiveness in producing calli.»312:19.20  However, the opti-
mum concentrations for inducing regenerative calli differ according to kinds of auxin and plant materi-
als. Callus growth has been promoted by reducing 2, 4-D level in mature embryo culture of wheat.??
Carman ez al.*® have reported that 2, 4-D at higher than 2 mg// inhibited the formation of embryoids
in immature wheat embryo culture, and they proposed that the optimum 2, 4-D concentration to induce
and maintain somatic embryogenesis was about 0.8 mg/l. Since the reduction of 2, 4-D concentration
significantly promoted callus growth and improved the development of regenerated shoots in the present
study, it is considered that a low level of 2,4-D, which was enough to induce callus, is favorable not
only for the growth of embryogenic calli but also for efficient shoot regeneration from them.

Although kinetin enhanced direct germination, it did not affect callus formation and subsequent shoot
regeneration. Therefore, direct germination itself is considered to be inoffensive for obtaining regenera-
tive calli. In the previous study, addition of kinetin and 6-BA to medium containing a low level of
2,4-D (1 mg/l) suppressed the growth of calli originated from wheat root.2?> It is consistent with the
results of this study. From these results, it can be said that a combination of cytokinin with a
low level of 2,4-D is undesirable for callus growth in wheat.

The significant improvement in shoot regeneration that we observed when calli were initiated on
medium containing 2, 4-D (1-2 mg//) plus kinetin (0. 25~2 mg/l) is not unique. Carman ez al.?? have
reported that kinetin added to medium containing auxin significantly increased the number of somatic
embryoids in immature wheat embryo culture. Papenfuss et al.?® have also indicated that the addition
of kinetin to medium containing 2, 4-D improved the shoot-forming ability of wheat callus cultures.
Besides, there are several other reports concerning the promotive effects of cytokinin on organogenesis
from wheat cell cultures.? 102325

Maddock ez al.'” have observed that the addition of 10% coconut milk (CM) to the callus induction
medium significantly promoted subsequent shoot regeneration, and the same effect of CM has been
identified in another study.® It is supposed that the promotive effects of additives such as CM on
the regenerative potential of callus cultures may be largely due to unidentified cytokinin activity.2®’
In the present study, many embryoid-like structures were observed during the early period of callus
induction, especially in the presence of kinetin. From the above results, it is considered that exogenous
cytokinin in callus induction medium plays an essential role in embryoid formation from cultures, be-
cause this is consistent with a possible requirement in early zygotic embryo initiation and develop-
ment.?” Thus, it is possible to say that the effect of kinetin indicated in this study originated in
induction of embryoid formation in the early period of callus formation ; however, these de novo-formed
immature embryoids may not develop into mature ones and precociously regenerated into vigorous
shoots. This may be due to the excessively accumulated kinetin within calli during callus initiation.

Triplett and Quantrano®” have shown that ABA in callus induction medium’ prevented direct germi-
nation of immature wheat embryos, but permitted substantial increase in embryo size, fresh and dry
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weight, and protein accumulation. Carman?®® has reported that the addition of ABA reduced the inci-
dence of abnormal embryoids. But, the morphologically improved embryoids formed on ABA-supple-
menting medium hardly germinated. Also, Shimada ez al.’®'7? have reported that ABA in anther
culture medium in wheat enhanced formation of pollen embryoids to some extent, but it did not pro-
mote their further development. Since approximately 909% of endogenous ABA in excised immature
soybean embryos diffused into an ABA-free solution within 2 days,?® it is considered that the onset
of direct germination of cultured immature wheat embryos may be related to the loss of endogenous
ABA. Embryoids that formed within wheat calli might fail to accumulate functionally active concen-
trations of endogenous ABA because of failure to synthesize adequate amounts, or because of concentra-
tion gradient diffusion from embryoids to an ABA-free medium, so that the embryoids precociously
germinated.®22 We suppose that ABA in callus induction medium might make embryoids accumulate
a proper amount of ABA or might offset the diffusion away from developing somatic embryos. So,
the addition of ABA at lower concentrations ensured the development of embryoids to a proper extent,
and they finally generated into vigorous shoots on the regeneration medium in this study. The results
in Carman’s study,?® where the embryoids produced on ABA-containing medium hardly germinated
whereas the desiccation significantly enhanced their germination, could be explained as follows. The
concentration of ABA (0.5 mg//) was too high compared with that of 2,4-D (0.8 mg/l), so the em-
bryoids might accumulate excess ABA, which could suppress their germination. The results (Table 3)
of our study support this consideration. That is, the addition of ABA at 0.4 mg// to medium contain-
ing 1 mg/ of 2,4-D resulted in significantly poor shoot regeneration. Contrarily, the promoting effect
of desiccation on normal germination of embryoids will be explained by the reduction of ABA amount
in embryoids, because the level of ABA in wheat grains declines during desiccation.®®®" It is sug-
gested that the balance of 2, 4-D and ABA is essential for induction of embryogenic calli and efficient
plant regeneration.

All the above facts emphasize the importance of evaluating the effects of different combinations of
plant growth regulators on tissue culture response, especially for less responsive wheat cultivars.

References

1) Shimada, T., 1978. Jpn. J. Genet., 53: 371-374.

2) Gosch-Wackerle, G., L. Avivi, E. Galun, 1979. Z. Pflanzenphysiol., 91: 267-278.

8) Ozias-Akins, P., L K. Vasil, 1982. Protoplasma, 110 : 95-105.

4) Sears, R.G., E. L Deckard, 1982. Crop Sci., 22: 546-550.

5) Larkin, P.J., S. A. Ryan, R. L. S. Brettell, W.R. Scowcroet, 1984. T. A. G., 67 : 443-455.

6) Shimada, T., Y. Yamada, 1984. The Tissue Culture, 10 (14) : 562-566.

7y Galiba, G., Z. Kertesz, J. Sutka, L. Sagi, 1985. Cereal Res. Commun., 13 (4) : 343-350.

8) Maddock, S.E., 1985. In “Cereal Tissue and Cell Culture” (ed. by Bright, S. W.J., M. G. K. Jones),
p. 131-134, Martinus Nijhoff/Dr. W. Junk Publishers, Dordrecht.

9) Ahloowalia, B. S., 1982. Crop Sci., 22: 405-410.

10) Lazar, M. D., G. B. Collins, W. E. Vian, 1983. J. Hered., 74 : 353-357.

11) Maddock, S. E., V. A. Lancaster, R. Risiott, J. Franklin, 1983. J. Exp. Bot., 34 (144) : 915-926.

12) Liang, Z. Q., M. W. Gao, 1986. Sci. Agric. Sinica, 2: 42-48,

13) Cai, T.S., H.Q. Tian, S.K. Lin, J. M. Li, 1989. Acta Genet. Sinica, 16 (2) . 81-88.

14) Yasuda, T., 1987. Jpn. J. Crop Sci., 56 (1) : 132-136.

15) Teng, S.Y., H. M. Chin, 1986. J. Shand. Univ., 21 (2) : 120-124.

16) Shimada, T., M. Otani, 1987. Jpn. J. Breed., 37, suppl. 2: 78-79.

17) Shimada, T., M. Otani, 1988. Jpn. J. Breed., 38, suppl. 2: 196-197.

18) Liu, H.J., S. Misoo, O. Kamijima, M. Sawano, 1989. Sci. Rep. Fac. Agric. Kobe Univ., 18: 165-172.

19) Shimada, T., Y. Yamada, 1979. Jpn. J. Genet., 54: 379-385.

20) Papenfuss, J. M., J. G. Carman, 1987. Crop Sci., 27 : 588-593.

21) Elena, E.B., H.D. Ginzo, 1988. J. Plant Physiol., 132: 600-603.

22) Carman, J. G., N. E. Jefferson, W.F. Campbell, 1987. Plant Cell, Tissue Organ Cult., 10: 115-128,

23) Dudits, D., G. Nemet, Z. Haydu, 1975. Can. J. Bot., 53: 957-963.



176

24) Eapen, S., P.S. Rao, 1983. In “Plant Cell Culture in Crop Improvement” (ed. by Sen, S. K., K.L.
Giles), p. 419-421, Plenum Press, New York.

25) McHughen, A., 1983. Ann. Bot. (London), 51: 851-853.

26) Mathias, R.J., E. S. Simpson, 1986. Plant Cell, Tissue Organ Cult., 7: 31-37.

27) Triplett, B. A., R.S. Quantrano, 1982. Dev. Biol., 91: 491-496.

28) Carman, J. G., 1988. Planta, 175: 417-424.

29) Ackerson, R.C., 1984. J. Exp. Bot., 35: 414-421.

30) King, R. W., 1976. Planta, 132: 43-51.

31) Walker-Simmons, M., 1987. Plant Physiol., 84: 61-66.

L FXER >
I LFORBIDERICE T 2 HEVERREDHE OZR

B YEEY, ZTRERY, LBEEY, BF R

¥ RE RS E AR SR
OF R REE

a2 AFOERBITERERONRILEZRZ» 5 12D, A NVAFERMTOESERFEYE OWELEETLK
CRZTHRICOVTRE Ui, RBEOEERFI 2,4-D BEEORBL EH 4 27 VEBEOEIMC -
THBDRBEINIY, ABA OFNick > TE LI, WIhoEhtEREYERns A v
ADTURBICIIIT EAEEE LIS h o708, 2,4-D OEREEZ T 20, KEED ABA 2Nz 3T &ic
Ko THNZADOEFEISMEE SN, —F, 2,4-D OBEBEEIREMBICR RSB EELTURE S
72758, IRBREX TOEMUENEDOZRS 4+ B 5 i B Ui, BOMLBEOBWRETI, BobEick
TEHA 3 F OBMERRZE SNILh - 72085, FHMLEDBNRETIE KN ORINC X » THEA(L#
MEZICHEL. £, REEDO ABA HNCX - THEELEMEES LD b,



