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Callus Induction and Plant Regeneration in African Marigold (Tagetes erecta L.)
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Pretreatment of hypocotyl and leaf explants of African marigold (Tagetes erecta L.) with
1.0% ascorbic acid significantly reduced excessive browning of excised explant tissue. This
method together with interval transfer of calli onto fresh culture medium was effective in
preventing further tissue browning of calli cultured on MS medium supplemented with var-
ious concentrations and combinations of naphthalene acetic acid (NAA) and 6-benzyladenine
(BA). Response of the explants from the two organs varied in terms of callus formation
and plant regeneration. Plantlet regeneration from hypocotyl-derived calli occurred on MS
medium containing 0.2 to 1.0 mg/l NAA and 0.5 to 5.0 mg// BA, whereas leaf-derived cal-
li produced mainly roots and green spots in some plant . growth regulator combinations. The
leaf explants also produced large yellow calli on MS medium containing 5.0 mg/! NAA and

0.2 to 5.0mg/l BA.
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Introduction

African marigold (Zagetes erecta L.) reduces the population level of the root-lesion nema-
tode (Pratylenchus penetrans Cop.) in the soil (Oavasmr 1989; Unrensroek and Biroo 1958).
The nematocidal effect is attributed to the presence of thiophenes (Cuan ef al, 1975), which
are naturally occurring biocides (Croes et al., 1989a and b; GoMmMERs ef al., 1982; Hurst et
al, 1989). Thiophenes can be extracted by polar solvents (HATAKEDA ef al., 1985, Hurst et
al., 1989) or through a bioreactor (Croes et al, 1988; Kerer 1986) and can be quantified
even in minute amount (Croes ef al., 1988). However, the actual application of thiophenes
as a biocide has not yet been realized presumably due to its low production from calli and/or
through a bioreactor. Thiophene content also decreases in highly root-regenerating calli
(Kerer 1986; Wiermann 1981; Yreomann ef al, 1980). As an alternative approach, African
marigold can be utilized as a source of nematode-resistance genes for incorporation into eco-
nomically important crops. Protoplast fusion which results in the production of somatic
hybrids between distantly related species (Dubits ef al, 1979), offers a unique method of in-
corporating useful genes into cultivated crops (MeLcuers 1977). Somatic hybrids afford new
gene combinations that have not been possible through sexual hybridization. However, the
successful application of this technique is markedly dependent upon the efficient plant
regeneration in cell and tissue culture of marigold.

Previous studies have been mainly focused on the accumulation and extraction of thiophenes
from callus and cell cultures (Croes et al, 1989a, 1989b:; Huirst ef al, 1989; KerteL 1986,
1987). Moreover, consecutive studies by KereL et al. (1985) and Keter (1986 and 1987) rev-
ealed severe browning and stoppage of growth of tertiary leaf-derived calli of Tagetes patu-
la and, primary and secondary leaf-derived calli of 7. erects, respectively. In addition, Crogs
et al. (1989a) reported the formation of only roots from stem-derived calli of 7. minuta. The

Received June 1, 1992.
Accepted August 12, 1992.

NII-Electronic Library Service



836 BELARMINO, ABE, and SASAHARA

above-mentioned studies point to the difficulty in callus formation and plant regeneration in
some marigold species. So far, there has been no report on plant regeneration from callus
of marigold. This paper describes a simple method for preventing excessive browning of tis-
sue explant, and outlines an efficient procedure for callus formation and plant regeneration
from hypocotyl-derived calli, and callus formation from leaf explants of African marigold
(Tagetes erecta L.).

Materials and Method

Seeds of African marigold “African tall” (Tagetes erecta L.) from Sakata Seed Co. Ltd.
were surface-sterilized with 1.0% sodium hypochlorite solution added with two to three drops
of Tween 20 for 15 min., and then washed three times with sterile distilled water. This
procedure was repeated twice. The sterilized seeds were sown in growth regulator-free MS
medium (MurasuiGE and Skooc 1962) containing 30.% sucrose and solidified with 0.8% agar
at pH5.8. Within three weeks, hypocotyl (1 cm) and leaf (1 cm®) explants were taken from
in vitro-germinated plants. Prior to inoculation, the hypocotyl and leaf explants were dipped
in 1.0% filter-sterelized ascorbic acid through 0.20 millipore microfilter for one minute to
reduce browning of the excised tissue. MS medium supplemented with 3.0% sucrose, 0.8%
agar and 0.2, 0.5, 1.0, 5.0 mg// naphthalene acetic acid (NAA) and 0.2, 0.5, 1.0, 5.0 mg/l
6-benzyladenine (BA) in all combinations were used for callus induction. The pH of the cul-
ture media was adjusted to 5.8 prior to autoclaving. Cultures were incubated in continous
diffused light of 1,000 lux at 27 + 1°C. Hypocotyl-deﬁved calli were transferred to fresh
medium at one week interval to reduce the browning of explants. These transfers were more
efficient in preventing browning than the addition of activated charcoal into the culture medi-
um as shown in the preliminary experiment. Contrastingly, slight or no browning occurred
in leaf-derived calli so that there was no need for frequent transfer to fresh culture medi-
um. After three weeks, leaf- and hypocotyl-derived calli were transferred onto growth
regulator-free MS medium for plant regeneration.

Results and Discussion

Certain marigold species i.e. T. erecta and T. patula are difficult to culture i vitro due
to browning of explant that led to poor callus growth or death of explants KEeTeL ef al
(1985) and Kerer (1986 and 1987). Blackening of explants was reported to be due to the
oxidation of phenol-like substances (WiermanN 1981) and other growth inhibiting substances
that are excreted into the culture medium, causing the gradual browning of the agar medi-
um (Jouansson et al. 1982). Tissue browning can be very severe in some crops such as pota-
to, yam, abaca, etc. (AmmiraTo 1982). To eliminate or minimize this phenomenon, various
methods were adopted which included soaking the explants in sterile distilled water ‘(AMMIRA-
to 1982) and incorporating antioxidants e.g. cysteine (Ne¢ and Han 1985) in the culture
medium. However, pretreatment of hypocotyl and leaf explants of marigold with 1.0% as-
corbic acid prior to inoculation onto the culture medium together with interval transfer of
explants or calli onto fresh culture medium significantly reduced or eliminated the brown-
ing of tissue and agar medium. This method is very simple, easy and efficient for the
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prevention of browning and can sustain or enhance good callus formation and growth.

The formation of calli, green spots, roots and plantlet from hypocotyl and leaf explants
of African marigold “African tall” is shown in Tables 1 and 2. Both hypocotyl and leaf ex-
plants developed calli at various degree on MS media containing 0.2 mg/! NAA and 5.0 mg/]
BA (media Nos. 1-20 and 2-20). The fine-textured calli were pale yellow in hypocotyl and
dark yellow in leaf explants. Leaf-derived calli turned white to brown after three weeks and
hence were transferred onto fresh culture medium.

Within two weeks after culture, both hypocotyl- and leaf-derived calli developed roots at

Table 1. Callus formation and plant regeneration from hypocotyl explants of Tagefes erecta, marigold
“African tall”?.

Medium NAA BA Callus % Calli® with Number of
No. (mg/l) size? color® green spots  plantlet roots roots®
1- 1 0.2 0.2 + Br 0.0 0.0 100.0 ++
1- 2 0.2 0.5 + Br 0.0 0.0 93.3 +
1- 3 0.2 1.0+ PY, Br 0.0 0.0 83.3 +
1- 4 0.2 2.0 + PY, Br 36.7 30.0 50.0 +
1- 5 0.2 50 ++ PY, Br 33.3 16.7 30.0 +
1- 6 0.5 0.2 ++ PY, Br 16.9 0.0 100.0 + 4+
1- 7 0.5 0.5 + \ 0.0 0.0 96.7 + +
1- 8 0.5 1.0 ++ PY, W 0.0 30.0 53.3 +
1- 9 0.5 20  ++ Br 0.0 30.0 60.0 +
1-10 0.5 50 ++ PY, Br 36.7 36.7 30.0 +
1-11 1.0 0.2 + PY 0.0 0.0 96.7 +
1-12 1.0 05 +++ PY 0.0 50.0 100.0 + 4+ +
1-13 1.0 1.0 +++ Br 0.0 30.0 90.0 + 4+
114 1.0 20 + Br 0.0 0.0 56.7 +
1-15 1.0 50 ++ PY, Br 80.0 0.0 13.3 +
1-16 2.0 0.2 + w 0.0 0.0 100.0 ++ +
1-17 2.0 0.5 + W 0.0 0.0 83.3 ++
1-18 2.0 1.0 + W 0.0 0.0 93.3 + +
1-19 2.0 2.0 + w 0.0 0.0 80.0 +
1-20 2.0 50 — — 0.0 0.0 0.0 —
1-21 5.0 0.2 ++ PY 0.0 0.0 100.0 + +
1-22 5.0 05 ++ PY 0.0 0.0 100.0 +
1-23 5.0 1.0 + A\ 0.0 0.0 80.0 +
1-24 5.0 20 +4++ PY, W 0.0 0.0 63.3 +
1-25 5.0 5.0 + B W 13.3 0.0 0.0 —

e

Murashige and Skoog’s (MS) basal medium with 30.0g// sucrose and 8.0g// agar at pH 5.8.

—: no callus, +: 23mm, ++: 4~9mm, + + +: >10 mm in diameter

Y: yellow, PY: pale yellow, W: white, Br: brown, B: black

Thirty explants from each hypocotyl and leaf were cultured for each treatment combination of NAA and BA.
5 —: noroot, +: 210, ++: 11~29, + + +: >30 roots/callus
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various degree as reported by Kerer (1986 and 1987) except on the media Nos. 1-20, 1-25
and 2-20. Generally, high concentrations of BA (5.0 mg/l) reduced the incidence of rooting,
while low concentrations of BA (0.2 to 0.5mg/]) induced the formation of calli which deve-
loped roots as observed by BorLmarx ef al. (1988) and Skooc and MiLrLer (1957).

Plant regeneration occurred only from hypocotyl calli (Fig. la) cultured on media nos. 1-4,
1-5, 1-8, 1-9, 1-10, 1-12 and 1-13, in the range of 16.7% (No. 1-5) to 50% (No. 1-12). Some
of these plantlets developed from green spots (Nos. 1-5, 1-10, 1-15) after transfer of the
materials to growth regulator-free MS medium. Meanwhile, leaf-derived calli produced mostly
roots, which confirmed the report by Kerer (1987) with occasional green spots in the me-
dia nos. 2-5, 2-9 and 2-10.

The results of this study showed that pretreatment of explants with 1.0% ascorbic acid
is effective in reducing excessive browning of tissue. This method together with interval

Table 2. Callus and root formation from leaf explant of Tagefes erecta, marigold “African tall”.

Medium NAA  BA Callus % Calli with Number of
(mg/l) size color green spots  plantlet roots roots
2-1 0.2 0.2 + PY, Br 0.0 0.0 90.0 +
2- 2 0.2 0.5 + PY, Br 0.0 0.0 83.3 +
2- 3 0.2 1.0+ Br 0.0 0.0 73.3 +
2- 4 0.2 20 + PY, Br 0.0 0.0 66.7 +
2-5 0.2 50 + PY, Br 13.3 0.0 0.0 +
2- 6 0.5 0.2 + PY 0.0 0.0 90.0 + +
2- 7 0.5 05 + PY 0.0 0.0 96.7 ++
2- 8 0.5 1.0 + PY, Br 13.3 0.0 83.3 +
2-9 0.5 20 ++ PY, Br 10.0 0.0 66.7 +
2-10 0.5 50 ++ PY, Br 13.3 0.0 53.3 +
2-11 1.0 02 + w 0.0 0.0 100.0 +
2-12 1.0 05 ++ Y, Br 0.0 0.0 100.0 +
2-13 1.0 1.0 ++ Y, Br 0.0 0.0 100.0 +
2-14 1.0 20  ++ Y, Br 0.0 0.0 100.0 +
2-15 1.0 50 ++ Y, Br 0.0 0.0 100.0 +
2-16 2.0 0.2 ++ PY 0.0 0.0 96.7 ++ +
2-17 2.0 0.5 ++ PY 0.0 0.0 100.0 + + +
2-18 2.0 1.0 + Br 0.0 0.0 100.0 ++ +
2-19 2.0 20  ++ PY, Br 0.0 0.0 93.3 ++ +
2-20 2.0 50 — — 0.0 0.0 0.0 -
2-21 5.0 0.2 +++ Y 0.0 0.0 100.0 +
2-22 5.0 0.5 +++ Y 0.0 0.0 96.7 +
2-23 5.0 1.0 +++ Y 0.0 0.0 100.0 +
2-24 5.0 20 +++ Y 0.0 0.0 100.0 +
2-25 5.0 5.0 ++ + Y 0.0 0.0 100.0 +

See Table 1 for footnotes.
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SR

Fig. 1la. Plant regeneration from hypocotyl-derived Fig. 1b. Leaf-derived calli fromAfrican marigold
calli of African marigold (Tagetes erecta L.). (Tagetes evecta L.)
Thick and thin arrows indicate shoot and root,
respectively.

transfer of calli onto fresh culture medium proved to be an effective method of enhancing
callus formation and plant regeneration in marigold. The results also indicate that the growth
and metabolism of calli from African marigold markedly depended on the concentration of
plant growth regulators and the organ-specificity. Adequate combinations of NAA and BA
in the culture medium induced calli and subsequently plant regeneration in hypocotyl explants,
whereas only roots from calli of leaf explants. Although it is preferable to use hypocotyl ex-
plant for plant regeneration studies, the leaf seems to be a suitable organ for callus formation
(Fig. 1b) as reported by Kerter (1987). However, the difficulty of regenerating plantlets from
leaf-derived calli needs further investigation.

Acknowledgement

The authors wish to thank Sakata Seed Co. Ltd. (SAKATA-NO-TANE), Yokohama for
providing the marigold seeds.

Literature Cited

AMMIRATO, P. V. 1982. Growth and morphogenesis in cultures of the yam, Dioscorea. In: “Plant Tis-
sue Culture” Fujiwara, A. (ed.), Maruzen, Tokyo, 169~170.

BoLLMARK, M., B. KuBaT and L. EriasonN 1988. Variation in endogenous cytokinin content during ad-
ventitious root formation in pea cuttings. J. Plant Physiol. 132 : 262 ~265.

CuaN, G.F.Q.,, G.H.N. Towers and J.C. MITcHELL 1975. Ultra-violet mediated antibiotic activity of
thiophene compounds of Tuagefes. Phytochem. 14 :2295~2296.

Croes, A.F., M. BosveLD and G.]J. WuLLEMS 1988. Control of thiophene accumulation in 7Tagefes. In:
“Chemistry and Biology of Naturally Occurring Acetylenes and Related Compounds (NOARC)”AM,
J., H. BRETELER, T. ARNASON and L. HANSEN (eds.), Elsevier, Amsterdam, 255~ 265.

NII-Electronic Library Service



840 BELARMINO, ABE, and SASAHARA

, M. AARTS, M. BosviELD, H. BRETELER and G.]J. WULLEMS 1989a. Control of thiophene ac-
cumulation in calli of two 7Tagefes species. Physiol. Plant. 76 : 205~ 210.

———, A.J.R. Van DeEN BERG, M. BosveLp, H. BRETELER and G.J. WULLEMS 1989b. Thiophene
accumulation in relation to morphology in roots of Tagefes patula. Planta 179 :43~50.

Duprrs, D., G. HaprLaczky, G. Bajszar, C. KoNez, G. LAzArR and G. HORvATH 1979. Plant regener-
ation from intergeneric cell hybrids. Plant Sci. Lett. 15:110~112.

GoMMERS, F.J., J. BAKKER and H. WYNBERG 1982. Dithiophenes as singlet oxygen sensitizers. Pho-
tochem. Photobiol. 35 :615~619.

HATAREDA, K., N. Sarro, S. ITo, Y. IkusHiMA and T. Asano 1985. A new nematicidal compound in
French marigold. Jpn. J. Nematol. 15:11~13.

Hurst, A.C., M.M.T. MEYER, H. BRETELER and J. TrRAMPER 1989. Effect of aggregate size in
Tagetes patule on thiophene production and cell growth. Appl. Microbiol. and Biotech. 30:18~25.

Jonansson, L., B. ANDERSON and T. EricsoNn 1982. Improvement of anther culture technique: Culti-
vated charcoal bound in agar medium in combination with liquid medium and elevated COg2 con-
centration. Physiol. Plant. 54 : 24 ~30.

KEeTEL, D. H., H. BRETELER and B. DE GrooT 1985. Effect of explant origin on growth and differen-
tiation of calli from 7Tagetes species. J. Plant Physiol. 118:327~333.

1986. Morphological differentiation and occurrence of thiophenes in leaf callus cultures from
Tagetes species: relation to the growth medium of the plants. Physiol. Plant. 66 : 392-396.

1987. Distribution and accumulation of thiophenes in plants and calli of different Tagefes spe-
cies. J. Exp. Bot. 38:322-330.

MELCHERS, G. 1977. Kombination somatischen und konventioneller Genetik fur die Pflanzenzuchtung.
Naturwiss. 64 : 184 ~194.

MURASHIGE, T. and F. Skooc 1962. A revised medium for rapid growth and bio-assays with tobac-
co tissue cultures. Physiol. Plant. 15 :473~497.

NG, S.Y. and S. K. HAN 1985. Application of tissue culture to tuber crops of IITA. In: “Biotechnol-
ogy in International Agricultural Research Institute”, Manila, Philippines, 29 ~40.

OBavAsHI, N. 1989. Studies on the methods for controlling the root-lesion nematode, Pratylenchus pene-
trans COBB Infecting on Japanese Radish. Bull. Kanagawa Hort. Exp. Sta. 39:87~90.

SkooG, F. and C.O. MILLER 1957. Chemical regulation of growth and organ formation in plant tisue
cultivated in vitro. Symp. Soc. Exp. Biol. Cambridge Univ. Press, Cambridge, 11:118~131.
UHLENBROEK, F. and Brroo 1958. Investigation on nematicides. I, Isolation and structure of a nemati-

cidal principle occurring in Tagefes root. Rec. Trav. Chim. 77 :1004~1009.

WIERMANN, R. 1981. Secondary plant products and cell and tissue differentiation. In “The Biochemis-
try of Plants-A Comprehensive Treatise” STumpPF, P.K. and E.E. ConN (eds), Academic Press,
New York, 7:86~116.

YEOMANN, M., M. B. MiepzyBrODzKA, K. LINDSEY and W.R. McLAUCHLAN 1980. The synthetic poten-
tial of cultured plant cells. In “Developments in Plant Biology”. SALA, F., B. PArasi, and R.ELLA
(eds.), Elsevier, North Holland, Amsterdam, 5 :327~343.

NII-Electronic Library Service



841

<) —T— )L P2 BT 5 7 )V AFHE L EYESG

Marilyn M. BELARMINO - FIEE  FlffE - R f@2k
(TR AT, AT AZENT 1-23, T 997)

) — )L FiE, REHSREET AW TH S, AR THERAL 25 (African Tall) (3, BRigHEMHE
ELTHEEINTW S, BFRIE, <) —I— FOBRBREBES (thiophene) I2B8E5F % #AF % BEEEMICEA
$THONBERME L LT, =) —T— FOEEROMLZRETL 72,

MELEX LT, =) —T— L FORENE L UESZH WL, BB I UER 2 B2 2BENBAB L UNAADIEA
LW E e MSERICER L 72, REifs L 213, BRBEEIHML , ZOROEFTOEN, WEIRI - 72
728, BRIZHKIZ > TN & -2 RE% 1 BT RAINECEETHIEL 2, 6i5, 7R 2EMUEHICERT 5
(2HEL > CIBRM T k1 3 ET S IC R LIk 272, ZOFIKIE, A Y2 a G EDEBOGELEMTH L, <
) — T — L F DB TFRHINCAT » RS DFERBIMEL D FMTH - 72,

JRERER 7 V2 TlE, 0.2~1.0mg/I NAAEB LU0 0.5~5.0 mg// BAZ &4t CHEMEES bR o, L
L, EEHRINATIEEDERTLRERERDABREI NIz, 2720, W D2DEMTIT ) —2 + AKXy
FEROR L. R iz, BEEEESNLZATIE, 5.0mg/l NAAB L 100.2~5.0mg/! BAZ B THAD
KRELANZALIHEREN, L, SBRINLEFBERDOINVZ2AFHAET 51213, WEWEESCOREZ #
BT LB DH 5.

NII-Electronic Library Service





