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Abstract

Homeotic genes are key ‘switches’ that control developmental processes. Homeotic genes containing the
consensus ‘homeobox’ domain have been identified from a number of organisms including Drosophila
melanogaster, Caenorhabditis elegans, Homo sapiens, and Zea mays. Although homeotic genes have been
demonstrated to be important in embryo development of some insects, amphibians, and mammals, there
are no reports of their involvement in plant embryogenesis. Here, we report the isolation and charac-
terization of a cDNA clone for a homeobox-containing gene expressed in somatic embryos of soybean.
The cDNA (Shhi for soybean homeobox-containing gene) was isolated using maize Knotted-1 (Knl)
cDNA as a heterologous probe. The Shal ¢cDNA clone is 1515 bp long which is the approximate size
of its transcript. Within the homeodomain, the amino acid sequence of a helix-turn-helix structure, and
invariant and conserved residues were identified. The deduced SBH1 protein shares a high amino acid
identity with KN protein (47.0%, overall and 87.5°%, for the homeodomain). Southern hybridization
analysis indicated that Sh#7 is a member of a small gene family. The expression of Shhl is development-
and tissue-specific. The transcript of Shhl was present in early-stage somatic embryos, increased prior
to cotyledon formation and decreased thereafter. Sbhl was weakly expressed in soybean stems and
hypocotyl but was not detected in other plant tissues and nonembryogenic materials. The enhanced
expression during embryogenesis, the homology with maize Kn! gene, and the regulatory nature of
homeodomain proteins suggest that the SBH1 protein plays an important role in plant embryo devel-
opment.

Introduction cellular eukaryotes [ 10, 11, 32]. Initially identified

in Drosophifa [21. 33] as single gene mutations
Homeotic genes control pattern formation and capable of altering the identity of complex mor-
morphological structure determination in multi- phological structures, homeotic genes have been

The nucleotide sequence data reported will appear in the EMBL, GenBank and DDBJ Nucleotide Sequence Databases under
the accession number L13663.



466

isolated and characterized from a wide range of
animal and plant species [5, 10]. A common fea-
ture of many homeotic genes of both plants and
animals i1s a conserved nucleotide sequence
known as the homeobox which encodes the ho-
meodomain. The secondary structure of the ho-
meodomain proteins and the interaction between
the homeodomain and target DNA have been
confirmed by NMR spectroscopy [27] and the
homeodomain-DNA complex has been identified
[16]. The homeodomain consists of about 60
amino acids with a helix-turn-helix structure con-
ferring a specific DNA binding function.

Although homeotic genes containing ho-
meobox sequences have been shown to be impor-
tant in embryo development of insects, amphib-
ians and mammals [ 10, 32]. there are no reports
of their involvement in plant embryogenesis. Here,
we report the isolation of a c¢cDNA for a
homeobox-containing gene that is preferentially
expressed in the early stages of somatic embryo
development of soybean.

Materials and methods
Plant materials

Embrvogenic suspension cultures of soybean
were initiated and maintained according to Finer
and Nagasawa [9]. Suspensions were subcul-
tured monthly in a liquid medium containing
23 uM 2 4-dichlorophenoxyacetic acid and 3 mM
asparagine. For embryo development, embryo-
genic tissue was transferred to a hormone-free
solid medium at 23 “C [8]. Developing embryos
were harvested 0, 3, 7, 14, and 28 days after trans-
fer to the embryo development medium.

¢DNA library construction and screening

Total RNA was extracted from proliferating (day
() embryogenic suspension culture material using
guanidinum thiocyanate [6] and poly(A)+ RNA
was obtained by one passage on an oligo (dT)-
cellulose column [1]. A ¢DNA library was con-

structed from the poly(A)+ RNA in Agtl0 ac-
cording to the protocols in the cDNA Synthesis
System Plus and ¢cDNA Cloning System-Agt10
Kits (Amersham, Arlington Heights, IL). Escheri-
chia cofi NM514 was infected with phage and
plated on 100 mm plates at density of 500 pfu/
plate. Three replica filters were prepared from
each plate [3]. After baking under vacuum for
2 h at 80 “C, the filters were prehybridized in 5 x
SSC, 5x Denhardt’s solution, 0.1%, SDS, and
100 pg/ml denatured salmon sperm DNA at
55 °C for 6 h. Knl ¢DNA ([37], kindly provided
by S. Hake, USDA-ARS, Albany, CA) probe
was prepared by random priming [7]. Hybridiza-
tion was performed for 2 days using the same
solution as the prehybridization plus probe. Rep-
lica filters were washed with either 4 x, 2%, I x
SSC plus 0.1%, SDS at 535 °C. After autoradiog-
raphy, plaques hybridizing to the Kni cDNA
probe were further purified by two rounds of
plague purification.

Subcloning and sequencing

The phage DNA was digested with Hind 11T and
Bgl 11 to release the intact cDNA fragment. The
fragment was purified using GeneClean (BI1O 101,
La Jolla, CA) and subcloned into pBluscript
KS - and SK - in both orientations. Ordeéred
deletions were created using exonuclease 11I as
described by Sambrook er af. [30]. Single-strand
DNAs were produced [35] and used for sequenc-
ing with the dideoxy chain termination method
[30]. Sequence data were analyzed using In-
tellGenetics (Mountain View, CA) sequence
analysis programs and NCBI BLAST E-Mail
Server.

Southern hyvbridization analysis

Genomic DNA was isolated from leaf tissue of
soybean cv. "Fayette’ according to Saghai-Maroof
et al. [29]. DNAs were digested with restriction
enzymes, clectrophoresed, and transferred onto
GeneScreen Plus membrane by the ‘dry blot’



method [ 15]. The membranes were prehybridized
6 hin 5x SSC, 5x Denhardt's solution, 0.1%,
SDS, 50 mM Tris pH 8.0, 10 mM EDTA, and
100 pug/ml denatured salmon sperm DNA and
then hybridized for 2 days with random primer-
labelled [7] Shhl cDNA in the above solution
plus 10% dextran sulfate. Membranes were
washed either at low stringency (1 x SSC, 0.1%,
SDS, 65 °C) or at high stringency (0.1 x SSC,
0.1°, SDS, 65 °C). The membranes were ex-
posed on Kodak film with intensifying screens for
2-3 days.

Northern hybridization analysis

Total RNA and poly(A) + RNA were isolated as
described above. One pg of poly(A)+ RNA or
10 pg of total RNA were used for gel electro-
phoresis and northern hybridization analysis as
described by Thomas [34] except a modified “dry
blot’ procedure [ 15] was used for RNA transfer.
The modified *dry blot’ was performed as follows.
After electrophoresis, the gel was laid on a single
sheet of Whatman 3M paper saturated with
10 mM sodium phosphate buffer (pH 6.5). A Ge-
neScreen Plus membrane (Du Pont) was moist-
ened with 10 mM sodium phosphate buffer and
then placed on the top of gel. The membrane was
covered with one sheet of Whatman 3M paper
soaked in 10 mM sodium phosphate buffer fol-
lowed by four dry sheets of Whatman 3M paper
and a 5 cm stack of paper towels. A 0.5 to 1 kg
weight was placed on top of the paper towels and
the transfer proceeded for 1-2 h. After hybrid-
ization with Shhl c¢DNA, membranes were
washed at high stringency (0.1 x SSC, 0.1%,
SDS. 65 °C) and exposed on Kodak film with
intensifying screens for 2-3 days.

Results and discussion

Embrvo development

Development of somatic embryos from the
clumps of suspension culture tissue progressed
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rapidly [9]. As early as 3 days after plating, green-
ing of the apical portion of the embryos was ob-
served. By day 7, somatic embryos had enlarged
and by 14 days after plating, elongation of the
embryo was evident. Well-developed embryos
with clearly defined cotyledons and hypocotyls
were formed by 28 days after plating (Fig. 1).

Isolation of a cDNA clone encoding a homeodomain
protein

About 6000 plaques from the proliferating soy-
bean somatic embryo c¢DNA library were
screened using the maize Knl cDNA [37] as a
probe. Ten plaques initially appeared to hybrid-
ize to Knl ¢cDNA. From these 10 clones, one
clone, which gave strong signals on three replica
filters washed at different stringency (4 x, 2%,
1 x SSC, with 0.1%, SDS) was selected for fur-
ther characterization. We designated the cDNA
clone Shhl for soybean homeobox-containing
gene 1). The other nine original clones were dis-
carded due to the lack of hybridization in subse-
quent screening with Knl cDNA.

Structures of Sbhi clone and deduced protein

The DNA sequence of the Shhl cDNA is 1515bp -~
long (Fig. 2). The predicted SBH1 protein is 379
amino acids long with a translation start codon
AUG at position 156 and stop codon UAG at
nucleotide 1293. The overall amino acid identity
between SBH1 and KN1 is 47.0%, (87.5%, iden-
tity with KN1 homeodomain) (Fig. 3). The SBH 1
homeodomain, located near the carboxyl termi-
nus, is 64 amino acids long and contains the four
invariant residues in the recognition helix (helix
111) and six of the eight highly conserved residues
or similar substitutions (Fig. 4). Although a high
sequence similarity was observed between the
homeodomain of SBH! and homeodomains of
three maize proteins (KN1, ZMHI1, ZMH2), the
homology between the homeodomain of SBH1
and other homeodomain proteins was limited to
the most conserved residues (Fig. 4).
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Fig. I. The development of soybean somatic embrvos. A. A clump of embryogenic sovbean tissue from proliferation medium
{referred as 0 day in the text). B. Three days after transfer to development medium, C: After 14 days. E: After 28 days, The let-

ter C indicates cotyledons, H indicates hypocotyl.

The ELK (glutamic acid, leucine, and lysine)
region found in other plant homeodomain pro-
teins [36] is also present in the SBH1 protein
(Fig. 3). The ‘invariant’ glutamic acid is replaced
by an aspartic acid and the periodicity of the
hydrophobic residues is conserved. The PYP
(proline, tyrosine, proline) sequence between he-
lices | and 2, conserved in all five maize home-
odomain proteins [2] is also present in SBHI
protein (Fig. 4). An acidic region, characteristic
of transcription activating domains [26], is
present at the amino side of the SBH1 home-
odomain (Fig. 2). This region includes 110 amino
acids with a net charge of —15. A leucine zipper
region that is found in certain homeobox-
containing genes from Arabidopsis thaliana [20,
28, 31] is not present in either SBH1 or KNI
proteins.

Although high homology is shown between
SBH1 and KN proteins, several unique features
are present in Shhl ¢cDNA and SBHI protein.
There is a longer leader sequence prior to the
translation start site of the predicted SBH1 pro-
tein (Fig. 2). Within this leader sequence, there is
a small open reading frame at position 108-141
which  potentially encodes the peptide
MCVCVCVCVCC. Comparison of this sequence
with the Protein Database did not reveal similar-
ity with any other leader peptides. We have not
yet determined whether this leader peptide is
present in vivo. If it is present, it may be involved
in translational control similar to other leader
peptides of some regulatory proteins such as the
three ORFs in Opague-2 of maize [19] and the
four short ORFs in GCN-4 of yeast [12].

Although most eukaryotic proteins initiate at
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AGTATTCTACACAAGGGTGGTGGTAGGGCAAMARGGATAAGACAGTGAATGTGTGTGTGT
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M E G G S 5§ 8 S
AATGGCACTTCTTATCTGTTGGCTTTTGGAGAARACAACAGTGGTGGGCTATGCCCAATG
N 6 T 8 ¥ L L A F G E N N S G G L C P M
ACGATGATGCCTTTGGTGACTTCCCATCACGCTGGTCATCATCCAATAAATCCTAGTAAT
T M M P L ¥ T S H H A G HH P I N P S N
AATAATAATGTAAACACAAMCTGTCTCTTCATTCCCAACTGCAGTAACAGTACTGGAACT
N W N VN TWN CUL F I P N C S N S TG T
CCTTCTATCATGCTCCACAATAATCACAACAACAACAAALCTGATGATGATGATAACAAC
P 5 I M L H N N HWNWNDNI KTD D D D N N
AMCAACACTGGGTTAGGGTACTATTTCATGGAGAGTGACCACCACCACCATCACCACGGC
N N T 6 L 6 ¥ ¥ FM E S D HHMHUHHH G
AACAACAACAACAATGGAAGCTCCTCCTCCTCCTCCTCTTCTGCTGTCAAGGCCAAGATC
N W N N N 6 58 §8 5 5 5 5§58 8 58 A V K A K I
ATGGCTCATCCTCACTATCACCGTCTCTTGGCAGCTTACGTCAATTGTCAGAAGGTTGGG
M A H P H Y H R L L A A Y V N C Q@ K V G
GCCCCGCCTGAAGTGGTGGCAMGGTTAGAAGAAGCATGTGCTTCTGCAGCGACAATGGCT
A P P E ¥V ¥V A R L E E A C A S A A T M 2
GGTGGTGATGCAGCAGCTGGATCAAGCTGCATAGGTGAAGATCCAGCTTTGGATCAGTTC
G G D A A A G S5 S5 C I G E D P A L D O F
ATGGAGGCTTACTGTGAGATGCTCACARAGTATGAGCAAGAACTCTCCAAACCCTTAMAG
M_E A W ¢ E M L T K ¥ E O E L S5 K P T K
GAAGCCATGCTCTTCCTTCARAGGATCGASTGCCAGTTCAAAAATCTTACAATTTCTTCC
E & M L F L © R I E ¢ © F K N L T I S &5
TCCGACTTTGCTAGCAATGAGGGTGGTGATAGGAATGGATCGTCTGAAGAGGATGTTGAT
s D F A S N E 6 ¢ D R N ¢€ S S E E D V D
CTACACAACATGATAGATCCCCAGGCAGAGGACAGGGATTTARAGGGTCAGCTTTTGCGC
L H N M I D P g & E D R D L K G @ L L R
AAGTATAGCGGATACTTGGGCAGTCTGAAGCAAGARTTCATGAAGAAGAGGAAGAAAGGA
K ¥ 8 6 ¥ L 6 5 L K @ E F K K R K K G
AAGCTACCTAAAGAAGCAAGGCAACRATTACTTGAATGCTGGAACAGACATTACARATGG
K L P K E A R ©Q © L L E W W N R H ¥ K W
CCTTACCCATCCGAATCCCAGAAGCTGGCTCTTGCAGAGTCGACAGGTCTGGATCAGAAG
P ¥ P S E S Q K L A L A E S T GG L D Q K
CAAATCAACAACTGGTTTATTAATCAAAGGARACGGCACTGGAAGCCTTCAGAGGACATG
2 I N N W F I N Q R K R H W K P 5 E D M
CAGTTTGTGGTGATGGATCCAAGCCATCCACACTATTACATGGATAATGTTCTAGGCAAT
Q F v v M D P 5 H P H ¥ ¥ M D N V L G N
CCATTTCCCATGGATCTTTCCCATCCCATGCTCTAGARAATTATCCCTCGTTTGTGGGCT
P F P M DL S HPF ML *
GOTGATAATAGATTCATAAACTCGTGCTGTCACTTATTARAAACCTTACAATTATTAATAT
TAEATTAATATGCATTCTAAGAAATCCTAGATTGCTATACTATAATATAGTACGCAGGTGT
ATCCCTTGCTAGCTTTTTAGACGGTCCTTTGTCTGGATCATCTAGTTGAAGGAGTTATGA
ATARATAARATTCCAT 1515
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Fig. 2. Nucleic acid sequence of Sba! and the deduced amino-acid sequence of SBH1. The homeobox nucleic acid sequence and
the homeodomain protein are boxed. Putative polyadenylation signals are underlined. The suggested acidic region is noted by double
underline. The nucleic acid sequence that possibly encodes the short leader peptide is in bold type.

the first AUG, about 5-10°%, deviation exists from
the “first-AUG rule’ [17, 18]. In the case of SBH 1,
the predicted protein starts at the second AUG
instead of the first (Fig. 2). When comparing
the sequence context of the first AUG
(CAGUGAAUGU) and second AUG
(AAAGCUAUGG) with the consensus sequence
for initiation in higher eukaryotes GCC(A/
G)CCAUGG, the purine in position —3 and G in
position + 4 are present in the second AUG con-

text indicating that the second AUG is more
favorable for protein initiation.

Sbhi is a member of a small gene family

When leaf tissue DNA of soybean was digested
with several restriction enzymes, the recognition
sequences of which were not present in the Sbh/
cDNA sequence, and hybridized with Sbhhl



470

MEGGSS5SSNGTSY LLAFGENNSGGLCPMTMMPLVTSHHAGHHPINPSHNNNVNTNCLF IPNCSNSTGTPS
14 | I 1 | L

i
|1 | [ |11 1 1 | O L ¢
MEEITQHFG---VGASSHGHGHGOHHHHHHHHHPWASSLSAVV -—-—-APLFPOPPSAGLP-

IMLHNNHNNNETDDDDNNNNTGLGY Y FMES DHHHHHHGNNNNNGSS55558-=—-— SSAVKAKIMAHPHYH
I | i | B Ly

IIII IIlI

I | 1 K=t [N
el T - TVAATGN—SGGSGNPVLQLANGGGLLDACVKAKEPSSSSPYAGDVEAIKAKIISHPHYY

RLLAAYVNCQKVGAPPEVVARL-EEACASAA-—-TMAGGDAAAGSSCIGEDPALDQFMEAYCEHLTKYEQ

:I II' 1IIIIIIIIIIII

SLLTAYLECNKVGAPPEVSARLTEIAQEVEARQRTALGGLAAA ------ TEPELDQFMEAYHEHLVKFRE

ELSKPLKEAHLFLQRIECQFKNLEISSSDFASNEGGDRNGSEEED ———————————— VDLHNMIDPQAED
i ! [

i

LLTRPLQEAHEFMRRVESQLNSLSISw—-GRSLRNILSSGSSEEDQEGSGGETELPEVDAH ------ GVD

RDLKGQLLRKYSGYLGSLKQEFMKKRKKGKLPKEARQQLLEWWNRHYKWPYPSESQKLALAESTGLDQKQ

IIIIIIilIII 1

IIfI! IIFIIIII IIIIIIEII

1
OELKHHLLKKYSGYLSSLEQELSKKKKKGKLPKEARQQLLSWWDQHYKWPYPSETQKVALAESTGLDLKQ

INNWFINQRKRHWKPSEDHQFVVMDPSH——PHYYMDNVLGNPFPMDLSHPML

0 N e Y |

INNWFINQRKRHWKPSEEMHHLMMDGYHTTNAFYMD————GHFINDGGLYRL

Fig. 3. The comparison between the predicted SBHI protein (top line) and KN1 (bottom line). The residues identical to those
of SBH1 are indicated by hyphens and the ELK region is underlined. The conserved and hydrophobic residues in the ELK re-

gion are in bold type.

cDNA, 2-3 fragments were clearly detected
(Fig. 5). The size and intensity of the fragments
suggest that more than one copy is present in the
soybean genome. This is supported by the isola-

tion of other homeobox-containing genes from
the same cDNA library using the homeobox re-
gion from Shil as a probe (data not shown). At
least one of these other clones is different from

Helix I Helix II turn Helix III Reference

Sbhl MKKRKKGKLPKEARQQLLEWWNRHYKWPYPSESQKLALAESTGLDQKQINNWFINQRKRHWKPS Glycine

Knl o e ) S=—DQ-——~=—rr T L= -- Zea (37)
Zmhl LR--RA=--=-=GDTTSI-KQ--QE-S-—-=--T-DD-AK-V-E---QL-=——========= N-HNN Zea (37)
Zmh2 LR--RA~=-==GDTAST-KA-=QA=S5~--==-=-T=ED-AR-VQE---QL~========== ==N-HNN Zea (37)
Zmhoxla NSTARKGHFGPVINQKLHEHFKTQ----R-V-ES---EL--TFR-V-K--ETR-HSARVA- Zea (2)
Zmhox1b NI-DRKGHFGPVISQKLHEHFKTQ----R-L-ES—---EL--TFH-V-R--E-R-HFARLA- Zea (2)
Athbl QLPE-KRRLTTE-VHLLEKSFETENKLEPER-TQ--KKL--QPR-VAV--Q-R-A-WKTKQ Arabidopsis (28)
Athb2 DNSR-KLRLSKD-SAILEETFKDHSTLNPK--Q---KQL--RAR-VEV--Q-R-A-TKLKQ Arabidopsis (28)
Athb3 MLGE-KKRLNLE-VRALEKSFELGNKLEPER-MQ--KAL--QPR--AI--Q-R-A-WKTKQ Arabidopsis (20)
HAT4 NSR-KLRLSKD-SAILEETFKDHSTLNPK--Q---KQL--RAR-VEV--Q-R-A-TKLKQ Arabidopsis (31)
HATS LPE-KRRLTTE-VHLLEKSFETENKLEPER-TQ--KKL--QPR-VAV--Q-R-A-WKTKQ Arabidopsis {31}
FR1 AR--RRNFN-Q-TEI-N-YFYS-LSN----—- EA-EE--KKC-ITVS-VS---G-K-I-YK-NI Homoc (25)
PBX2 AR-~RRNFS-Q-TEV-N-YFYS-LSN-=--=-- EA-EE--KKC-ITVS-VS---G-K-I-YK-NI Homo (23)
MATPI MTTVR-QCS-CTKPH-MR-LLL--DN----N-EFYD-S5AATG-TRTQLRN--S~R-R Saccharomyces (14)
MATa2 T-PYRGHRFT-~NVRI-ES-FAKNIEN-~LDTKGLEN-MKN-S-SRI--K--VS-R-RKEKTIT Saccharomyces (24)
CEH-5 P--PRTDNAD-QLEK-E-SF-. ..TSG-L-G-TRAK----L--SDN-VKV--Q-R-TKQK-ID Caenorhabditis (4)
Antp ER--GRQTYTRYQTLE-EKEF. . . HFNR-LTRRRRIEI-HALC-TER--KI~--Q~R-MKWK-EN Drosophila (21,33)
Enl ED=--PRTAFTA~QL-R-KAEF. . .QANR-ITEQRRQT--QELS-NES--KI--Q-K-AKIK-AT Mus (13)

. . . . . *%k k %
Consensus R Q L F L I/VWF N R K K
Fig. 4. The amino acid sequence of SBH1 homeodomain aligned with several homeodomains from other organisms. The residues

identical to those of SBH1 are indicated by hyphens. The helix-turn-helix structure is positioned according to the motif of KN1.
The 4 invariant residues in the recognition helix are marked with an asterisk (*) and the eight highly conserved residues are marked

with a period ().



Shhl based on restriction patterns and the inten-
sity of the hybridization signals (data not shown).

Expression of the Sbhl clone

Soybean embryogenic suspension cultures prolif-
erate as clumps of globular embryos (Fig. 1A).
After transfer to the hormone-free solid develop-
ment medium, the globular embryos developed to
the heart, torpedo, and cotyledon stages (Fig. 1).
Hybridization of the Shhl ¢cDNA to poly(A)+
RNAs isolated from soybean somatic embryos at
different stages of development detected two
transcripts (Fig. 6A). The larger transcript (about
1.9 kb) did not vary in intensity up to day 14 and
might represent unprocessed Shh! transcript or
transcript from a different homeobox-containing
gene. The smaller transcript (about 1.6 kb) of
similar size to the Shh/ cDNA was present during
the embryo proliferation stage, increased during

Bg Bs C E H
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¥ -2.0
S B

¥ S

Fig. 5. Southern hybridization analysis of soybean DNA
using Shhl ¢cDNA as a probe. Ten pg soybean leaf DNA were
digested with Bgf 11 (Ba), Bsr E11 (Bs), Cla 1 (C), £co RV (E).
and Hind 1II (H). The membrane was washed at high strin-
gency (0,1 x SSC, 65 °C).
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early somatic embryo development (7 days after
transfer to hormone-free medium), and decreased
thereafter (14 after post-transfer). Both the larger
and smaller transcripts were present at very low
levels at 28 day after transfer to the development
medium. Additional northern hybridization
analysis using poly(A)+ RNAs from another
soybean embryogenic suspension culture line
indicated a similar expression pattern although
the decrease in Shhl expression at the 28 day time
point was not as pronounced (data not shown).
Sbhl transcript was not detected in nonembryo-
genic soybean cultures, roots or leaves but oc-
curred at a low level in stems (Fig. 6B) and
hypocotyl (data not shown).

Shhl mRNA levels were highest from 7 to 14
days after transfer to hormone-free medium. In
soybean somatic embryogenesis, this corresponds
to embryo elongation and cotyledon initiation
(formation of heart-shaped embryos) (Fig. 1). The
globular-heart transition is significant in that the
cells that give rise to the cotyledons and prevas-
cular tissue are determined [22]. Because Shal 1s

0 3 7 14 28 L § R N

kb

A B

Fig. 6. Northern hybridization analysis of the ShA! transcript.
A. One pg of poly(A) + RNA from soybean somatic embryos
collected 0. 3, 7. 14, and 28 days after transfer to the devel-
opment medium was loaded per lane. B. Ten pg of total RNA
from leal (L), stem (S). root (R), and nonembrvogenic callus
(N} were loaded per lane. The RNAs on each membrane were
first hybridized with Shil cDNA (upper panels) and then
re-hybridized with soybean ubiquitin ¢cDNA (lower panels).
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expressed at the highest level just at the globular-
heart transition stage and SBH1 shares a high
homology with KNI protein, this suggests that
SBHI protein may act as a transcription factor
controlling cell differentiation associated with
vascular tissue formation. Efforts are currently
underway to understand the function of the SBH |
protein by observing alterations in phenotype in
soybean embryos and plants transformed with
sense and antisense constructions of Shi/ and by
defining the localization of Shi! expression via
in sicw hybridization. Further analysis of Shi/ and
other homeobox-containing genes associated with
embryogenesis will lead to a better understanding
of the molecular mechanism underlying embryo-
genesis in plants.
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