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Short Communication

Interactions in thé\grobacteriumsoybean system and capability of some
Brazilian soybean cultivars to produce somatic embryos

Antonio Orlando Di Maurf José Carlos Martins de Nobreig&onia Marli
Z. Di Maurd and Glenn Burton Collirs

Abstract

Twenty-five Brazilian soybean cultivars were studied for susceptibility to four strafkgrobacterium tumefacief€58, Ach5,

Bo542 and A281) and for their ability to produce somatic embryos. Twelve plants of each cultivar were inoculated in agyeg&inhous

6 weeks of age, using 12 inoculation sites per plant. The number of galls formed on plants were counted 8-10 weekstfter Trmocul
study ability to produce somatic embryos, immature cotyledons, 4-6 mm in length, were plated onto N10 medium for induction of
somatic embryogenesis, using four Petri dishes with 20 cotyledons for each cultivar. The embryogenic tissues were trtanséwed o

N10 medium six times at 15-day intervals and the number of somatic embryos per cultivar determined. Significant intexaetion bet
soybean cultivars arfll tumefacienstrains was observed; the most virulent strain was A281. The opine type apparently had no effect
on strain virulence, and the most embryogenic cultivars were IAS-5, Cristalina, FT-Cometa, IAC-7 and OC-3.

INTRODUCTION MATERIAL AND METHODS
Soybean (Gcine max.. Merrill) cultivars differ in Plant material and bacterial strains
susceptibility toAgrobacterium tumefacienstrains
(Byrne et al, 1987; Delzert al, 1990; Baileyet al, The soybean cultivars used in this study were: IAC-1,

1994; Maurcet al, 1995). Although no relationship ex- 1AC-4, IAC-6, IAC-7, IAC-17, FT-Cometa, Cristalina,
ists between a given soybean cultivar susceptibility andSavana, Vicoja, Peking, Parana, IAS-5, Bossier, IAC PL-1,
its somatic embryo susceptibility fa tumefaciensin- IAC-100, CAC-1, OC-4, OC-14, OC-3, JAB-11, UFV-15,
formation about cultivar susceptibility fa tumefaciens  UFV-14, UFV-10, UFV-1, UFV-9 and UFV-5. The cultivar
strains may be useful in studies related to specificity be-Peking was used as susceptible (Dedted, 1990).
tween soybean cultivars aAdtumefacienstrains. The wild-type strains ofA. tumefacien<58
Several studies have shown differences among soy¢nopaline), Ach5 (octopine), Bo542 (agropine) and A281
bean cultivarsn vitro regeneration via somatic embryo- (agropine) were used for inducing gall formation on plants,
genesis (Owens and Cress, 1985; Komatsuda and Okysince according to Petdt al. (1983), different opines
ama, 1988; Delzest al, 1990; Maureet al, 1995). Pre-  could be responsible for pathogenicity observed in tumor
vious studies developed by Bodanese-Zanediral. formation. The experimental plots consisted of pots con-
(1993) and Mauret al. (1994a) found cultivar IAS-5 taining four plants of each genotype; three replications
among the most embryogenic. Succesgfgiobacte-  were used in a randomized block experimental design. The
rium-mediated transformation of the soybean dependsAgrobacteriumcultures were initiated on LB solid me-
on embryogenic capability, since somatic embryos candium. To prepare the inoculum a small amount of each
easily be infected and transformed by strainsAof  bacterial colony was taken from the solid medium with a
tumefaciensFew Brazilian soybean cultivars have been sterile loop and transferred to 250-ml flasks containing
studied so far for their interactions with strainsfof 25 ml of LB liquid medium (Sambroai al,, 1989).
tumefacien®r for their ability to produce somatic em- To reach log phase growth (OD value ranging from
bryos. The objectives of this research were to study straird.7 to 0.8 at 600 nm) the flasks were incubated overnight
and cultivar specificity in thA&grobacteriurassoybean  at 28C in a rotary shaker at 180 rpm. After incubation,
system and to identify some Brazilian soybean cultivarsthe content of each flask was poured into sterile centri-
with good ability to produce somatic embryos. fuge tubes and centrifuged at 10,000 rpm (12d)Gar

!Departamento de Fitotecnia, Faculdade de Ciéncias Agrarias e Veterinarias, UNESP, Campus de Jaboticabal,
14870-000 Jaboticabal, SP, Brasil. Send correspondence to A.O.M. E-mail: orlando@fcav.unesp.br.
2Department of Agronomy, University of Kentucky, Lexington, KY 40546-0091, USA.



218 Mauroet al.

10 min at 4C. The supernatant was discarded, 15 ml of  Table| —Anallysis of}/ariarl;ce fortt|1e numberr‘ ?f galls resultifng from
[ ; ; inoculation of soybean cultivars with four strains o
g_ﬂnsd?r:ggglrgﬁgggég:ézzhlge and Skoog, 1962) added A. tumefacienfCV% = 17.15; Mean = 1.7127).

Source of variation d.f. SS MS F-test
Somatic embryogenesis induction :
Rep./Strains 52 8.3674 0.1609 -
. . . , Cultivars (Cult.) 25 207.3779 82951  96.182(
Plants of each cultivar were cultivated in the field | syains (str) 3 159182 53061  61.1820
and when immature cotyledons were 4 to 6 mm long 40 Cult. x Str. 75 116.7861 15571  18.055(

pods of each cultivar were collected. Pods were washed

. : Cult./Str.1 P} 75.8933  3.0357  35.2161
0,
thorou_ghly k_)ut _gently inal% neu'_[ral detgrgent solution,| 2\ /sy 2 o 704060 28162 326705
rinsed in deionized water, placed in 70% isopropanol so1 cult/str.3 25 711045  2.8442  32.9954
lution for 30 s, and drained. They were then placed in 20% Cult./Str.4 25 1067602 42704  49.540
NaOCI for 15 min and rinsed three times with sterile wa-
Error 156 13.4541 0.0862 -

ter (Lazzeriet al. 1985). After asepsis, the cotyledons

were excised and plated on solid N10 medium (medium *Significant at the 1% level of probability. d.f. = Degrees of freedom; SS =

MS of Murashige and Skoog, 1962, supplemented with 10 sum of squares; MS = mean square.

mg/l of NAA) solidified with Phytagel (0.2%). Four Petri

dishes (60 x 15 mm), each containing 20 immature coty-

ledons, were used per cultivar and considered as replica-

tions in a randomized block experimental design. soybean cultivar susceptibility and in pathogenicity degree
Embryogenic tissue was transferred to fresh N10of A. tumefacienstrain in the soybean cultivars. Interac-

medium at 15-day intervafer 90 days, and kept in a tion between soybean cultivars alsdumefacienstrain

growth chamber at 2& with a 23/1-hour light/dark pho-  was also observed. Similar interactions were previously

toperiod. Petri dishes containing embryogenic tissue ofreported by Byrnet al.(1987), suggesting possible speci-

each cultivar were examined every 15 daysHepres- ficity between strains and cultivars. The 17.15% variation

ence of somatic embryos and the somatic embryo numbeindicates reliable results.

per cultivar per replication was counted. The mean number of galls derived from inoculations
with each strain oA. tumefaciensn the soybean culti-
Plant inoculations and statistical analysis vars (Table 1) showed IAS-5 susceptibility to strain A281,

FT-Cometa to strain Ach5, and IAC-7 to strain Bo542. IAC

Inoculations were performed when plants reached V PL-1 was susceptible to strains C58 and A281, IAC-4 sus-
growth stage (Fehr and Caviness, 1980) using a hypodereeptible to strains Ach5 and Bo542 but resistant to strain
mal syringe (5 ml). Slight pressure was used to form aC58, and IAC-100 susceptible to strain Ach5 only. Culti-
drop of bacterial suspension at the tip of the needle, whictvars OC-14, IAC-17, OC-4, Parana and UFV-14 were re-
was used to make a cut across the epidermis and cortesistant to all strains oA. tumefaciensPeking, as ex-
Four sites per internode, in the three first internodes, appected, was highly susceptible to all four strains.
proximately 1 cm apart were inoculated, resulting in 12 Table Il also shows that strain A281 was the most
wound sites per plant. Four to six weeks after inoculation,virulent, followed by strains Bo542, Ach5 and C58, with
the plants were scored by counting the number of gallsmo significant differences among them. Bailetyal.
larger than 0.5 cm in diameter, per genotype, per replica{1994) and Mauret al. (1995) also reported for strain
tion, per strain ofA. tumefaciensThe suggestions of A281 high virulence to the soybean cultivars tested. The
Mauroet al.(1994b) were always followed, since the au- results also suggested that additional factors apart from
thors found betteAgrobacterium tumefaciensfection opine type may contribute to pathogenicity degree of the
results by performing the inoculations 5 h after inoculum Agrobacteriunstrains since significant differences were
preparation. observed between strains carrying the same opine (A281

The number of galls derived from inoculations as well and Bo542).
as the number of somatic embryos were transformed to (x Table lll summarizes the results of numerical analy-
+ 0.5)"2and submitted to variance analysis according tosis of somatic embryos produced by each cultivar. The F-
procedures suggested by Snedecor and Cochran (198%est showed differences in somatic embryogenesis capa-
Comparisons among means were performed through théility among cultivars; comparisons among means for the

Scott-Knott and Tukey tests, at 5% probability level. number of somatic embryos produced by each soybean
cultivar confirmed these differences. Cultivars IAS-5,
RESULTS AND DISCUSSION Cristalina, FT-Cometa, IAC-7 and OC-3 produced the high-

est numbers of somatic embryos and could therefore be
The variance analysis results for the number of gallsindicated as embryogenic parentals for studies related to
derived from inoculation (Table 1) showed differences in the genetics of embryogenic capability in the soybean. Cul-
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Table Il - Mean number of galls (x + 023)n each soybean cultivar Table Il - Total (TSE) and mean (MSE) number of somatic embryos (x +
produced byAgrobacterium tumefaciergrains. 0.5)2 derived from each soybean cultivar (F-test = 253NX.% = 15.78).

Soybean A. tumefacienstrains Meart Soybean cultivar TSE MSE
cultivars

C58 Ach5 Bo542 A281 IAC-1 0 0.71D

IAC-4 8 1.44C
IAC-1 2.10C 2.26A 2.84B 291D 2.53A IAC-6 4 1.18C
IAC-4 0.88D 3.18A 3.28A 3.76B 2.78A IAC-7 32 2.92B
IAC-6 1.00D 2.20A 2.11C 2.26E 1.89B IAC-17 4 1.18C
IAC-7 0.71D 2.47A 3.65A 241D 2.31B FT-Cometa 33 2.95B
IAC-17 0.71D 0.71B 0.71E 0.71F 0.71C Cristalina 36 3.08B
FT-Cometa 1.86C 2.26A 1.00D 1.00F 1.53C Savana 0 0.71D
Cristalina 2.26C 0.71B 1.93C 2.67D 1.898 Vicoja 0 0.71D
Savana 0.71D 2.74A 1.10D 0.71F 1.31C Peking 0 0.71D
Vigoja 0.71D 1.74B 0.71E 1.95E 1.28¢ Parana 0 0.71D
Peking (C) 3.83A 3.89A 3.29A 4.38A 3.84A IAS-5 100 5.04A
Parana 0.71D 0.71B 0.71E 1.00F 0.78C Bossier 0 0.71D
IAS-5 0.71D 0.71B 0.71E 3.77B 1.48@ IAC PL-1 6 1.40C
Bossier 0.71D 0.71B 0.71E 2.03E 1.04Q IAC-100 6 1.35C
IAC PL-1 3.87A 1.39B 2.73B 3.90B 2.97A CAC-1 8 1.56C
IAC-100 0.71D 3.31A 1.18D 0.71F 0.83C oc-4 7 1.49C
CAC-1 1.00D 0.71B 1.86C 2.59D 2.19B OC-14 0 0.71D
oC-4 1.11D 1.17B 0.71E 0.71F 0.93C oC-3 27 2.74B
0OC-14 0.71D 0.71B 0.71E  0.71F 0.78C JAB-11 5 1.27C
OC-3 1.93C 0.71B 1.00D 0.71F 1.09C UFV-15 0 0.71D
JAB-11 2.53C 0.71B 2.46C 2.67D 2.098 UFV-14 1 0.84D
UFV-15 1.93C 1.43B 1.29D 2.53D 1.808 UFV-10 7 1.44C
UFV-14 0.71D 1.00B 0.71E 0.71F 0.71C UFV-1 0 0.71D
UFV-10 1.81C 0.71B 1.65D 1.05F 1.31@ UFV-9 0 0.71D
UFV-1 0.71D 1.17B 0.71E 2.20E 1.20¢ UFV-5 0 0.71D
UFV-9 2.85B 1.67B 2.79B 3.29C 2.65A
UFV-5 2.90B 2.48A 1.86C 3.22C 2.62A ISignificant at the 1% level of probabilifvieans followed by the same
letter did not differ by the Scott-Knott test at the 5% level of probability.

Mear? 1.53b 1.59b 1.63b 2.10a

! Means followed by the same capital letter did not differ by the Scott-
Knott test at the 5% level of probabiliMeans followed by the same . » o )
lower case did not differ by the Tukey test at the 5% level of probability. €mbriées somaticos, cotilédones imaturos com 4-6 mm de

comprimento foram cultivados em meio N10 para inducédo de
calos embriogénicos, sendo empregadas, para cada cultivar, quatro
placas de Petri contendo 20 cotilédones cada. Os tecidos

. . oo embriogénicos foram transferidos 6 vezes, a cada 15 dias de
tivar IAS-5 produced the highest individual number of so- intervalo, para novo meio N10, sendo contado o namero de

matic embryos, as also reported by Bodanese-Zangfitini ¢y yriges somaticos por cultivar. Foi observada uma interagio
al. (1993) and by Mauret al.(1994a). On the other hand, sjgnificativa entre cultivares de soja e linhagens.demefaciens
IAC-1, Savana, Vi¢oja, Peking, Parana, Bossier, OC-14.¢ 3 linhagem mais virulenta foi a A281. O tipo de opina
UFV-15, UFV-1, UFV-9 and UFV-5 were non-embryo- aparentemente néo teve efeito sobre a viruléncia das linhagens e
genic. The variation was 15.78%, indicating reliability.  os cultivares mais embriogénicos foram IAS-5, Cristalina, FT-
Cometa, IAC-7 e OC-3.
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