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Ethylene evolution by juvenile and adult developmental phases
of Sequoia sempervirenshoots cultured in vitro
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Abstract. Cultures of juvenile and rejuvenat8&&quoia sempervirershoots generated more ethylene than those of

adult shoots. But the higher phytohormone production was only indirectly related to the developmental phase. The
juvenile and rejuvenated shoots also grew more rapidly; thus, when measured on a per gram tissue basis the rates
of ethylene evolution were the same for tissues of both developmental phases, and even higher for one of the adults.
The investigation did not establish whether the faster growth of juvenile and rejuvenated shoots was caused by the
ethylene; on the other hand, there was no evidence of inhibitory effects.
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Introduction old. One stock, AS, was initiated from shoots isolated in
1976, and another, AST, was started from shoots obtained
Several biochemical markers can now be employed tan 1994. Stocks of rejuvenated shoots, RS and 5XRT, were
distinguish the juvenile from the mature or adult devel-derived from AS and AST, respectively. The rejuvena-
opmental phases of certain plants, e.g., differences in petion was achieved by repeatedly grafting the shoot tips
oxidase and esterase isozymes (Brand and Linebergefrom adult stocks onto freshly rooted segments of SS
1992; Huang et al., 1996) and in protein phosphorylashoots in vitro. Five successive grafts resulted in the re-
tion (Kuo et al., 1995). Furthermore, the phytohormonesappearance of selected juvenile morphogenetic
gibberellin (Frydman and Wareing, 1973; Rogler andcharacteristics, namely high rooting competence and rapid
Hacket, 1975a), abscisic acid (Rogler and Hackett, 1975b8hoot elongation, in the RS and 5XRT shoots. The graft-
and cytokinin (Bouriquet et al., 1985; Mullins et al., 1979) ing procedure, previously described by Huang et al.
have been shown to be intimately involved in phase(1992), consisted of transferring ca. 1.5 cm long adult
change. Gibberellin and cytokinin treatments can causshoot terminals onto 1 cm long, rooted and decapitated
rejuvenation, whereas abscisic acid can stabilize the adujtivenile shoots. Scions were left on rootstocks after each
phase. This investigation was undertaken to determingraft for 2 months. The new growths that emerged were
whether the ubiquitous phytohormone ethylene might alsahen severed and their shoot tips re-grafted onto fresh
have a role in phase change, inasmuch as it has been asetstocks.
sociated with diverse growth processes (Buddendorf- For ethylene analysis, 2 cm long stem terminals were
Joosten and Woltering, 1994; Dimasi-Theriou andgypcultured in 25- x 150-mm glass tubes, each contain-
Economou, 1995; Magdalita et al., 1997; Nour anding 20 ml nutrient medium. The medium contained MS

Thorpe, 1994). We measured its production by asepti¢gvmurashige and Skoog, 1962) salts, 3% sucrose, 0.2%
cultures of juvenile, adult and rejuvenated shoots of thezg|rite™ and in HM: 555-inositol, 3 thiamine HCI, 2.4

coastal red-wood tre§equoia sempervirens each of nicotinic acid and pyridoxine HCI, and 26.6
glycine. After adjusting its pH to 5.7, diluting to volume,
Materials and Methods and adding and dissolving the Gelrite, prescribed quanti-

ties of medium were dispensed into culture tubes. Tubes
Shoots for the investigation were obtained from stockwere capped with Bellco polypropylene closures and au-
cultures established in vitro. Stocks of juvenile shootstoclaved 10 min at 1.05 kg cinThe closures were not
were initiated from seedlings germinated in vitro; they tight-fitting, so they enabled some gas exchange between
were identified by the abbreviation SS, f8equoia the interior and exterior of tubes.
seedling. The adult stocks were established by culturing gxperiments were performed at least 5 times. Ten cul-

shoot tips excised from trees that were at least 60 yeakgres were employed for each of SS, AS, RS, AST, and
5XRT, with each culture containing one shoot. Three days

iCorresponding author. Tel: (02) 2789-9590 ext. 324; Fax: (02)Prior to obtaining gas samples, the propylene closures
2782-1854; E-mail: bolch@ccvax.sinica.edu.tw were replaced by air-tight, serum vial caps to cause accu-
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mulation of the evolving ethylene. Gas samples of 0.5f their cultures (Figure 1). Cultures of juvenile (SS) and
ml per culture were obtained and analyzed for ethylenetejuvenated (RS and 5XRT) shoots produced significantly
following the method of Lin et al. (1999), and using a more ethylene per shoot than those of adult (AS and AST)
Shimadzu GC-8A gas chromatograph equipped with ashoots. When cultures were monitored through an entire

flame ionization detector. passage, the difference in ethylene levels, especially be-
tween AS and juvenile or rejuvenated shoots, was evident
Results and Discussion as early as a week after the start of the passage. The dif-

ference became progressively magnified with further
Earlier studies established tr¢quoia sempervirens Progress of cultures (Figure 2). At the end of the passage,
shoots cultured in vitro were extremely well suited for Of after 22 days, cultures of both adult shoots, AS and
morphological, physiological and molecular biology in- AST, displayed considerably lower ethylene levels per
vestigations of developmental phase change of treeg§ulture than juvenile (SS) or rejuvenated shoots (RS and
(Huang et al., 1992 and 1995). The initial ethylene analy>XRT).
ses showed a direct relationship between the developmen- The differences in quantities of ethylene produced by
tal phase oSequoisshoots and the evolved ethylene level juvenile or rejuvenated and adult shoot cultures were re-

8_

L 9 -—@—sS
—O— AS

6 . —¥—RS
—— AST1

- W 5X/IRT1

n mole, Ethylene Evolution
per Shoot
P
I

DN

I ITININ

NNE
AN

n mole, Ethylene Evolution per Shoot

0
SS RS AST 5X/IRT 0 , 1 , | . ] . I ]
SS=Juvenile, AS and AST=Adult, and 0 5 10 15 20
RS and 5X/RT=Rejuvenated Days in Culture

Figure 1. Ethylene evolution bequoiasempervirenshoots Figure 2. Ethylene evolution during the course of culture of
after 27 days of culture. SS = juvenile, AS = adult, RS = reju-Sequioashoots of different developmental phases. Tissue la-
venated AS, AST = more recently established adult shoobeling same as in Figure 1.

culture, and 5XRT = rejuvenated AST.
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Figure 3. Growth based on shoot elongation of juvenile, adult Figure 4. Number of lateral shoots produced per juvenile, adult
and rejuvenate&equoiashoots after 27 days in culture. See and rejuvenate@equoiashoot after 27 days in culture. Tissue
Figure 1 for tissue labeling. labeling as in Figure 1.



Huang et al-— Phase change and ethylene evolution 265

go.z:- T /T émmj

8 7 % % ss | 4

2 i / % % %?340 T, T /

%: - % x % T % %‘g B ZzZR % / %
2 0.1 / % 7 / ﬁ'{gzo— % / / % /
L0077 =147

Figure 5. Fresh weights after 27 days in culture of juvenile, Figure 6. Ethylene evolution per unit fresh weight of juvenile,
adult and rejuvenateSlequoiasshoots. Labeling as in Figure 1. adult and rejuvenateSequoiashoots after 27 days of culture.
Tissue labeling same as in Figure 1.
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