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ABSTRA∝

The relationship between the induction of tracheary element differentia‐

tion and exogenous lmethionine was exarlined in agar cultures of soybean

canus initiated from Wayne and Clark 63 cv。 ,respect市 ely,of G夕
`li14θ

″α L.

Althouま the Wayne is a nolmal cvo of soybean,seedlings of the Clark are

known to exhibit abnonnal growth at 25° C due to excessive ethylene

biosynthesis at this temp。 (Samimy and LaMotte,1976)。 Wayne callus

showed increased xylogenesis in the presence of exogenous methionine

(0。025 μM)in COmparison to IAA‐ KN controls at both 20° C and 25° C.

Clark 63 callus produced greater numbers of tracheary elelmlents in response

to exogenous lnethionhe only at 25° C. The induction of xylenl differentia‐

tion was independent of the inarltenance tempo of the stock cultures of both

cve Xylogenesis initiated by an HAA‐ KN medium was Lttibited by the addi‐

tion of A♪Jo3(20 mg l・ )to the extent of 76。 5%in the Wayne in the

Clark 63. The mhibitory effect was partially reversed by the addition of

methionine(0。025 μM)to the IAA‐ KN‐AgN03 mediumo These data support

the hypothesis that xylogenesis :“  νJrra involves auxm, cytokinin, and

ethylenec

Key words: differentiation,xylogenesis,methionine,ethylene,Gryθ ttθ

″α Locve Clark 63,G夕 θttθ ″α L.cvo Wayne,and soybean ca■ us。

INTRODUCTION

Since the addition of methionine to a xylogenic culture medium stronJy

stmulated tracheary element differentiation lrl explants of lettuce pith,the

hypothesis was advanced that the enhanced biosynthesis of ethylene arising

from the methionine substrate plays a rde in xylogenesis(Roberts and Baba,
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1978).Experiments by Sarlimy and LaMotte(1976,1978)with the clark

cvo of soybean indicated that this plant mateHd might yield cJlus suitable

for testing the hypothesis regarding ethylene and xylogenesis. The lack of

nonnal hypocotyl elongation of Clark seedlings grown at 25° C was associated

with excessive ethylene biosynthesis at this tempo Clark scedlings produced

nonnal growth at 20° C and 30° C,and ethylene biosynthesis was considerably

lower at these tempein comparison to 25° C(Samimy,1978a,b;Samimy and

LaMotte,1876,1978).To our knOwledge no prior investigations have

employed ca■ us de五ved from ale clark cv.Our present data Jve indirect

e宙dence that the canus cens ofthe clark 63 cv.express a■ is trait,1。 e。 ,a25° C

temp.adependent ethylene biosynthesis.

Studies with agar cultures of soybean callus have shown dle suitab」 ity

of this Plant inaterial for the″ l νJlけりinduction of tracheary element differ‐

entiation(TOrrey,1968;Fosket and Torrey,1969).In particular,an NAA‐

KN medium was developed by Fosket and Torrey(1969)for the proliferation

of cens in the absence of tracheary elelmlent differentiation. A“ tracheid‐ free

medurn"is useful fbr the production of canus for xy10genic expt..

The present study involves the induction of xylogenesis in exPlants of

soybean callus obtained fronl the Wayne and Clark 63,respectively,on a

methioninecenriched mediumo  Expto were conducted at 20° C and 25° C,

respectivelyo The Wayne,a nollllal cvo of soybean,provided a control for

results obt江ned with the Clark 63 canuso The incorporation of AgN03 intO

the rnediurn pro宙ded further e宙dence on dle postulated role of ethylene in

xylogenesis.

MATERIALS AND METHODS

Soybean seeds were surface sterilized by imnersion in ethanol(7協 v/v)

for 2 min followed by 10 min in a 10%(V/V)aqueOus soln of Clorox contain‐

ing 5。 25%(w/v)SOdium hypochlorite as the act市 e agente The seeds were

passed throuま 4 rinses of stede double‐ distmed H2 0,and the seeds were

retahed in the fhal rinse for approx。 12 h pdor to explant prep.A single

exPlant was removed fronl each cotyledon by boring the seed宙 th a 5 mln

I.D.cork borere The explants were rlnsed twice with ster」 e double‐distined
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H20,b10tted on stelde Whatman No。 l flter paper,and cultured indi宙 dually

in scintmation vials(15 ml cttacity)containing 10 ml of mediumo The

宙als,capped wim aluminum foil,were placed in」 aSS Culture jars(10宙 als

per jaう .The jars,enclosed with foil,were incubated at the specifled temp..

Freshly prepared exPlants were initially placed on a B5 medium

(Gamborg,et ale,1976)supplemented with 2,4‐ D(l mgl~1),SuCrOse(3%

W/V),and Bacto‐ Agar(1%W/V).ThiS medium was designated by lB5。 After

10 d culture the resulting callus was excised from me explant and subcultured

On a B5TF medium consisting・ of a basal B5 1rlixture supplemented with

α‐NAA(1。86 mg l~1),KN(0.0022 mg l~1),sucrOSe(3%w/う ,and Bacto‐

Agar(1%W/V).After 7 d culture on the B5TF medium,the resulting callus

was again subcultured on a B5TF lmediumo on 24 d from the tiine of explant

prep。 , the actively‐growing callus was subcultured on B5D.  The latter

medium consisted of a basal B5 m破 ture supplemented with IAA(5 mgl~1),

KN(0。 l mg l~1),Sucrosc(3%w/v),and Bacto‐ Agar(1%(W/う .)。 When

specined,the B5D medium was supplement with L‐ methionine(3.7 ug l~1)

and AgN03(20 mgl~1)。 The Callus remained on the experimental B5D

medium for 7 d.  In resum6,the fonowing Steps were used sequentially:

callus initiation on lB5(10d),tracheid‐ free conditions on B5TF(7d;7d),

and xylogenic test conditions on B5D(7d).Each expt therefore lasted a

total of 31 do ln expt hvolving the addition of AgN03,Ca(N03)2 WaS

substituted for CaC12 in the basal inedium lrl order to avoid the fonnation of

a AgCl ppt.All media were autoclave ste五 lized under standard conditions

Methionine and AglNO)3 Were Sterilレ led by Millipore flltraction at room temp.

and added to the wal11l autoclaved lnedia.

At the temination of each expt the callus samples were weiまed and

macerated in preparation for tracheary element cen countso The counting

procedure,de宙sed by Brown and Rickless(1949),waS adapted for xylem

cen analySis by Dalessandro and Roberts(1971).Samples were placed

individually in vials contalling l■ 1l of a lnaceration■ uid composed on eqtal

parts of chromic acid(5%w/う and HCl(5%v/v)fOr 24 h at room temp.

The maceration fluid was removed and replaced with l ml dist.H200 The

disrupted sample was drawn repeatedly into a hypodelnic syringe(2 ml)

ntted with a 22G needleo The cell suspension was brouま t to a tOtal vol。
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of 2 ml,and l ml of the thorouttyOmiXed sample was transferred to a

Sedgewick‐Rafter plankton counting charnbere The no.of tracheary elements

were counted in 5 optical「 lelds with the aid of a Whipple eyepiece lnicro‐

meter at 100x lnagnirlcationo The rnean noo of tracheary elelmlents per rleld

was converted to tracheary elements per g fo wt of callus.

Each expo was conducted twice Цttth a mmimum Of 5 samples for each

treatment宙thh an expt..Data■ om the temp.regime expt was analyzed

using a 2‐ way analysis of varianceo Data from the silver nitrate expt was

analyzed using a l‐ way analysis of variance: Within each expt speciflc treat‐

ments were compared using an∠ ρ/Jο″ group comparison test(SOkal and

Rohlt 1969).

RESULTS

Prelilninary investigations showed that cotyledon‐ derived callus from

both Wayne and Clark 63 cve produced increased noo of tracheary elelmlents

fonowing Culture on a xylogenic lnediunl supplemented宙 th lmtethionhe in

comparison to callus grown on a slrnilar imediunl lachng this arrlino acid。

It was further observed that soytean callus, surlilar to the results obtained

with lettuce pith explants(Roberts and Baba,1978),produced the greatest

noo of tracheary elelmlents on a lmediurrl containing O。 025 μM lmethionine

miller,unpublished results).The latter conco of methionine was therefore

used in a1l of the present expt..

″り
“Rtegardless of the incubation temp.at which the Wayne callus was grown,

tracheary element differentiation was invariably stilnulated with the addition

of methionine to the xylogenic medium(Table l).Within indi宙 dual exp.

this stimulation was sittincant for all treatments(P=0。 05).It waS unclear

fronl the data that the temp.employed for callus initiation and lnaintenance

(20° C vs.25°C)had any influence on the differentiation occurring during

the subsequent induction peHod.  The lowest tracheary elernent counts,

however, were recorded in expo no。  l with a 25° C initiationllnaintenance

tempofollowed by a 20° C induction tempQ(Table l).
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The addition of AgN03(20 mg l~1)resulted h a 76。 5%inhibitiOn of

xylem differentiationo  ln comparison to the no. of tracheary elements

fonned in callus on the B5E)control lnediunl,the combination of B5D)十

Aが03+methionine produced only a 40%inhibition of xylem differentia‐
tiOn(Table 2)。

Cl″k6ヨ

The addition of rnethionlrle to the medium had no signi「 lCant effect on

xylogenesis in the Clark 63 canus at an induction temp. of 20° C. At an

induction tempo of 25° C,however,there was a signiflcant e=00o5)increase

in xylem differentiation due to the exogenous lmethionine. Siiniar to the

results with ie Wayne, tracheary element forrrlation was apparently in‐

dependent of the callus initiation and inalntenance temp.

The addition of AgN03 tO the B5D induction medium had relatively

little effect(5.7%inhibition)on xy10genesis in the Clark 63 callus at 25° C.

Although the clark 63 callus on the B5D tt AgN03+methionine medium

produced 36%more tracheary elements than the callus on the B5D lmtediunl,

the presence of Ag+was inhibitory to the process because the callus on the

B5D tt methionine medium fomed 102%more tracheary elements than

simnar callus samples on the B5D control medium(Table 2).

DISCUSSION

The xylogenic response of the Wayne callus to exogenous lnethionine is

sim」 ar to the observations by Roberts and Baba(1978)on the induction of

xylenl foHnation in explants of lettuce pith in the presence of traces of this

aFFlinO a acid. The present results support the view that the J″ νJl慣ο induction

of xylem differentiation by au対 n‐cytokinlrl is stilnulated by certain levels

of endogenous ethylene. Presumably the Wayne ca■ us produced`xylogenic

ethylene' at both 20°C and 25° C froFrl the methionine substrate in the

mediume  Since organized tissues of Clark seedlings produce excessive

alTlounts of ethylene at 25° C(Samimy and LaMotte,1976),our results

suggest that this temperature‐dependent characteristic is also expressed by

canus cells derived from cotyledon tissue taken fronl mbibed Clark

63 seeds.  Exogenous lmethionine,however,was ineffective in stilnulating
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xylogenesis at 20° C in the cultured Clark 63 canus.

Earlier studies have shown that a AgNo3 COnCo of approx。 20 mgl~l was

effective in blocking ethylene‐ regulated responses in Pi駆

“
seedlings(Beyer,

1978)and in Ⅳたο力
“
α leaf discs(Aharoni and Liebeman,1979).Beyer

(1978)demonStrated that the inhibitory effects of Ag+were reversed by

exogenous ethylene.Higher conc.of AgN03,e.g.,50-100 mg l~l caused

tissue miury(Aharoni and Lieberman,1979;PuⅣ is,1980).The mhibitiOn

of xylogenesis by Ag+in the Wayne callus was sliま tly less in the presence

of exogenous methionhe(4協 vs.76。 5%).The assumption can be made

that this blockage reversal occurred because of competitive antagonisnl at the

bindhg site of the hon■ one between Ag+and the ethylene produced from

the methionheo An alternative exPlanation may be advanced in order to

explan the inhibitory effects of Ag+on xy10genesis in the Clark 63 callus.

The threshold level for ethylene to exert its stimulatory effect(s)on Xylem

differentiation may be hiまer h the clark 63 tissuc h comparison to the

Wayne. Thus the relatively weak inhibitory effect of Ag+in callus grown on

the B5D tt Aが 03 medium was because the level of endogenous ethylene

was below the threshold level for stilnulating xylogenesiso lnhibition by Ag+

was obseⅣ ed under culturd conditions that apparently involved hiまer

endogenous ethylene conc.,i.e。 ,on the inethionine‐ enriched inedia.

The relat市ely high va五 ability h tracheary element cell counts was not

unexpected,and this is an inherent problem associated with the quantitation

of data obtained from canus cultures. Because of this variability in fo wt

of canus,snlman and COneagues(1977)have eXpressed the view that cJlus

cultures are unsuitable for studies of tracheary elerrlent differentiation.

Regardless of the lttnitations,the present data does reveal certain trends,e.g.,

the stimulatory effects of rrlethionine on xylogenesis as well as the blockage

of the process by Ag+. Further studies lnay pro宙 de an improved technique

for the presentation of quantitative data from investigations of xylogenesis

in callus.
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Legend to Table l

aEach cell count given represents a inean value fronl a rninimum of 5 samplese

Each primary explant was「lrst exposed to the callus initiation‐ Inaintenance

temperature for a period of 24 d prior to 7 d ofincubation at the induction

temperature during xylogenesise  Methionine was employed at a conc. of

O.025 μM.
bTracheary elelment cen count is signi「 lcant at p=0。 05.

Legend to Table 2

aEach cell count given represents a mean value from a minlrnum of 5 samples.

Methionine and AgN03 Were employed at conc.of O。 025 μM and 20 mg l~1,

respect市ely.Following callus initiation(10d)and tWO subcultures(14d),

the callus samples were incubated for 7 d on the xylogenic induction inedium

at a constant temp.of 25°C.

bPercentage change is signiflcant at p=0。 05。



TABLE lo Effects of

duction of xylogenesis

cultivarsa

Expt No.  Callus
initiation‐

■lalntenance

temp。 (° C)
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temperature and exogenous

in callus explants of Wayne

f27

methionine on the ln‐

and Clark 63 soybean

Tracheary elements(x104)g~lf.Wt

Wayne           Clark 63

B5D  B5D+     B5D  B5D+
methionine        methionine

1

1

2

2

1

1

2

2

20
20

20

20

25

25

25

25

Tracheary

elements

(x104)g~1
fo wt

2.43

0.57

4.55

1。46

Induction

temp。 (° C)

20
25

20

25

20

25

20

25

6.45

8.46

5.58

5.61

2.62

5.42

15.91

13。 84

13.00b    6.81     4.13
14。 39b    5。 04     8.98b

18.67b    l。 63     1.02

14.16b    l.71     5.39b

7.91b    4.10     3。 01

9.39b    3。 55    11。 44b

18.97b    O。 33     0。41

22.48b    2。 81    4。 09b

TABLE 2. Inhibitory effects of AgN03 0n Xylogenesis in ca■ us explants of

Wayne and Clark 63 soybean cultivarsa

Induction

medium

B5D

B5D+AgN03
B5D+meth.
B5D tt AgN03

+lneth.

Wayne

%change from
B5D control

76.5 inhibitionb

87.O stiinulationb

40.O inhibitionb

Tracheary

elements

(x104)g…
1

fe wt

l.06

1.00

2.14

1.44

Clark 63

%change from
B5D control

6.O inhibition

102。 O stimulationb

36.O stil■ ulationb




