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　　Abstract　　Ethylene plays important roles in plant grow th , development , and st ress responses , and ethylene receptors have been i-

den tified and studied extensively in various plant species.Here w e report the cloning of fou r ethylene receptor genes f rom soybean , i.e.
GmETR1 , GmERS1 , GmETR2 and GmEIN4.Const ruct ion of the phylogenic t ree showed that GmETR1 and GmERS1 belong to

subfamily I w hereas GmETR2 and GmE IN4 belong to subfamily II.The four ethylene receptor genes show ed di fferent tissue-specif ic ex-

pression patterns in root s , stems , leaves , cotyledons , f low ers , pods and seeds of soybean.These genes w ere differentially regulated by

various abiotic st resses and plant hormones.The possible roles of the four genes in soybean plant w ere also discussed.
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　　Ethylene is a gaseous phytohormone that plays

multiple roles in plant grow th , development , produc-

tivi ty , and st ress responses
[ 1 , 2]

.After its synthesis ,
ethylene is perceived by a family of five membrane

bound receptors and its signal transduces via a compli-
cated pathw ay to t rigger specific biological responses.

The regulation of ethylene biosynthesis is well charac-

terized
[ 3]

.In contrast , the regulation of ethy lene per-
cept ion is no t very clear.Recently , ethylene signal

transduction pathways have been deduced in Ara-
bidopsis , which involves ethylene receptors , CTR1 ,
EIN2 , EIN3 and other components

[ 4 ,5]
.

Based on sequence similari ties and pro tein fea-
tures , five ethy lene recepto rs that have been found in

Arabidopsis were divided into two subfamilies and all

of these receptors show ed st ructural similari ty to bac-

terial tw o-component sy stem
[ 6]
.Subfamily I contains

ETR1 and ERS1.They bo th have three t ransmem-
brane segments at the N-terminus and a conserved

histidine kinase (HK)domain.The kinase domain

contains motifs(H , N , G1 , F and G2)that charac-
terize tw o-component bacterial His protein kinases.A
conserved receiver domain is present at the C-termi-

nus of ETR1 , but not ERS1
[ 7 ,8]

.Subfamily II com-
prises ETR2 , EIN4 and ERS2.They all have an ad-

ditional hydrophobic region at the N-terminus , fol-
low ed by three t ransmembrane segments and a mo re

diverged HK domain.ET R2 and EIN4 also have a

receiver domain at the C-terminus , but ERS2 does

no t have it
[ 9 , 10]

.

The ethylene receptors are negative regulato rs of

the ethylene response pathw ay
[ 11]

, and confirmed

further by a constitutive ethylene-response pheno type

observed in double and triple loss-of-function mu-
tants.However , how each ethy lene receptor isoform

acts in ethylene perception and signaling program is

still uncertain.Although the genetic evidence indi-
cates the proteins are functionally redundant , several
studies show that the f ive isoforms may no t possess

exactly equivalent activi ties
[ 9]

.Furthermore , the

mRNA expression pat terns of the ETR1 family mem-
bers in Arabidopsis on the w hole overlap , but there

are some dif ferences in their mRNA expression pat-

terns
[ 9]
. In addition , transcripts abundance of

ERS1 , ETR2 , and ERS2 is up-regulated by ethy-

lene
[ 9]
.Based on phenotypic analysis , ethylene-in-

sensitive mutants of soybean have been developed ,
and genetic characterization , and disease testing of

them had been investigated
[ 12]

, but lack of the

molecular genetic evidence.



After the init ial cloning of ETR1 from Ara-

bidopsis
[ 7]

, homologous genes of ethy lene recepto rs

have been isolated f rom tomato , tobacco , pea , rice ,
straw berry , peach , apple and many other plant

species
[ 13—23]

.However , litt le info rmation is avail-
able about the identification of ethy lene receptors in

soybean.

Here w e report the isolation and characterization

of four soybean ethy lene receptor genes , named

GmETR1 , GmERS1 , GmETR2 , and GmEIN4 .
Analy ses have been made to study the ef fects of abio t-
ic stresses and exogenous hormones on the expression

of the four ethy lene receptors genes.Their possible

roles in soybean plant are also discussed.

1　Material and methods

1.1 　Plant materials , grow th condi tions and treat-
ments

Seeds of soybean(Glycine max (L.)Merr.)cv.
Nangnong 1138-2 were sow n in po ts (9 ×10 cm)
containing vermiculite soaked w ith 1/4 MS solution

and then germinated in grow th chambers at 25℃un-
der continuous illumination.Two-week-old seedlings

w ere used to isolate ethylene receptor genes and used

in the follow ing t reatments.Fo r NaCl (Beijing
Chemical Reagents Company , China), abscisic acid

(ABA ), 1-aminocyclopropane-1-carboxylic acid

(ACC), indoleacetic acid (IAA), methyl jasmonate

(Me-JA), α-Naphthy lphthalamic acid (NAA) and

salicy lic acid (SA) t reatments , the roots of the

seedlings w ere immersed in solutions containing 100

mmol/L NaCl , 100 μmol/L ABA , 20 μmol/L ACC ,
30 μmol/ L IAA , 100 μmol/L Me-JA , 30 μmol/L
NAA and 300 μmol/L SA and incubated under con-
tinuous illumination for indicated time intervals.Fo r
dehydration t reatment , the plants were carefully

pulled out , t ransferred onto filter paper , and allowed

to dry under the room temperature.Low temperature

treatment w as conducted by t ransferring seedlings to

4℃condition.For w ounding t reatment , the leaves of
seedlings were cut into slices and immersed in w ater.
Samples from all the t reatments above w ere harvested

at the indicated time point and stored at -70℃ fo r

RNA isolation.The roots , stems , leaves and cotyle-
dons of two-week-old seedlings and flowers , 3-day-
old pods and 30-day-old seeds at indicated stages were

also collected separately for RNA isolation and used

for t issue-specific expression analysis.

1.2　RNA isolation and RT-PCR analy sis

Total RNA was isolated f rom samples as de-

scribed by Zhang et al.
[ 24]

.Total RNA was t reated

w ith RNase-free DNAase (Promega)to remove the

genomic DNA contamination and the first st rand of

cDNA was synthesized by using 5μg total RNA w ith

the cDNA synthesis ki t (Promega)in 20 μL of reac-
tion volume.Gene specific primers fo r expression

analysis w ere: 5′-tctcttcattactacagg-3′, 5′-
t taaacag tt tcg aacag-3′ for GmETR1 , 5′-gatgt tcta-
gatctt tct-3′, 5′-gcaatg ttggtg tcttgg-3′for GmERS1 ,
5′-ttaccatagccatctctg-3′, 5′-act tgcaccctccattcc-3′ for

GmETR2 and 5′-aggcag tactacaacaat-3′, 5′-agcat-
gctt ttaaaactg-3′for GmEIN4 .The total volume of

the PCR reaction w as 20 μL , containing 1 μL of the

fi rst st rand cDNA , 0.5 mmol/L of each primer , 1×
PCR buffer , 0.4 mmol/ L dN TP , and 1 U of Taq

DNA polymerase.The reaction w as denatured at

94℃ for 5 min , then followed by 25—33 cycles of 1

min at 94℃, 1 min at 54℃ and 1 min at 72℃, and
an ex tension fo r 10 min at 72℃.A soybean Tubulin

gene , amplified wi th primers 5′-aacctcctcctcatcg tact-
3′and 5′-gacagcatcagccatg t tca-3′, was used as a con-
t rol.The PCR products were separated on an agarose

gel and quant ified using an Imag ing DensitoMeter

(Bio-Rad).

1.3　5′-RACE and gene cloning

Based on the part ial sequence of GmETR1 and

GmERS1 derived from EST database , we designed

gene-specific primers GSP1 5′-t tg tctccaccat-
cag tcg t tgctcagctg-3′ and GSP2 5′-atctg tt tcctg-
tagtaatgaagagag tgc-3′ for GmETR1 ; GSP1 5′-
ctattggt tt tatcagt tcaacgatctctcc-3′ and GSP2 5′-
catct tcaag tcgagaaagatctagaacatc-3′ for GmERS1 .
The 5′-RACE was conducted using SMART RACE

cDNA amplif ication kit (Clontech , USA)in accor-
dance with the manufacturer ' s instructions.The

fi rst-st rand cDNAs were synthesized according to the

inst ruct ions and used as templates for PCR amplifica-
tion.The PCR products were analyzed on a 1.2%
agarose/ethidium bromide gel and the purified DNA

fragments w ere di rectly sequenced.The full-leng th
GmETR1 and GmERS1 cDNAs w ere then ampli-
fied , cloned into T-easy vecto r (Promega)and se-
quenced.The genomic DNA fragments w ere ampli-
fied w ith the following primers: 5′-ccaggatc-
catggaatcctgcaattg tat tgac-3′ and 5′-tctgg tacct-
taaacagt ttcgaacagaactcg-3′ for GmETR1 ; 5′-
ccaggatccatgatgg agtcctgtg at tg tatag-3′ and 5′-tctg-
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g tacct tagaaacttct t tgattg cgtcta-3′for GmERS1 .Am-
plified DNA fragments were cloned into T-easy vecto r

(Promega)and sequenced.

2　Results

2.1　Isolat ion and sequence analy sis of ethylene re-
ceptor genes

To identify ethy lene recepto r genes in soybean ,
we searched soybean ESTs using a Basic Local Align-
ment Search Tool (BLAST , ht tp://www.ncbi.
nlm.nih.gov/BLAST)and 4 genes encoding ETR1 ,
ERS1 , ETR2 and EIN4-like ethylene recepto rs were

identified and designated as GmETR1 (Accession

No.EF210138 ), GmERS1 (Accession No.
EF210137), GmETR2 (Accession No.EF210139)
and GmEIN4 (Accession No.EF210140) respec-
tively.Using the 5′-RACE method , we obtained the

full-length sequences of GmERS1 and GmETR1 cD-
NA.Though we tried again and again , we failed to

get the full-leng th of the GmETR2 and GmEIN4

genes via RACE method.

The full-leng th GmETR1 gene is 2825 bp in

leng th with an open reading frame(ORF)of 2169 bp

and 135 bp 3′-untranslated region(U TR).The ORF

encodes a putative protein of 722 amino acids w ith a

predicted molecular mass of 80.6 kD , and a PI of

7.31.The full-length GmERS1 gene is 2780 bp in

length w ith an ORF of 1911 bp flanked by a 58 bp

5′-U TR and a 211 bp 3′-U TR.The ORF encodes a

putative protein of 636 amino acids w ith a predicted

molecular mass of 70.8 kD , and a PI of 6.55.For
GmETR2 and GmEIN4 genes only the 3′-terminal

region w as cloned , encoding an intact receiver do-
main .The partial GmETR2 cDNA is 1054 bp in

length and wi th a 285 bp 3′-U TR , and GmE IN4 cD-
NA is 1107 bp in leng th wi th a 188 bp 3′-UTR.

2.2　Genomic organization of the soybean ethy lene

receptor genes

To investigate the genomic org anization of the

GmETR1 and GmERS1 genes , we further cloned

the full-leng th genomic sequences of GmERS1 and

GmETR1 by means of PCR amplification.The com-
parison of the genomic DNA and cDNA sequences re-
vealed that the GmETR1 has four int rons that co rre-
spond in position to introns in GmERS1 , with the

exception of the fourth int ron in the receiver domain.
Interesting ly , both GmETR1 and GmERS1 lack one

intron in the GAF domain of the AtETR1 and

AtERS1 genomic sequences though the other int rons

are in conserved positions respectively (Fig.1).All
the int rons of GmETR1 are longer than those found

in the co rresponding positions in AtETR1 , and the

second and third int rons of GmERS1 are about four

and tw o times longer than those found in the co rre-
sponding positions in At-ERS1 , respectively .

Fig.1.　St ructural comparison of exon and int ron posi tions of putative ethylene receptor genes GmETR1 , GmERS1 , GmETR2 and
GmEIN4 in soybean , and that of AtE TR1 and AtERS1 in A rabidopsis.The g ray boxes represent introns and length in bp is marked.
The dark green colored boxes in the N-t erminal exon represent the three putative t ransmembrane hyd rophobic domains.The letters(H ,
N , GFG)indicate the positions of the His kinase domains and conserved mot ifs.The let ter D in the C-terminal exons of GmETR1 ,
GmETR2 , and GmEIN4 represents the putatively phosphorylated site in the receiver domain.Number of base pai rs(bp)=full length ge-
nomic sequence f rom the start codon to the stop codon.Number of amino acid residues(aa)is for the full length predicted protein se-
quence.HK:histidine kinase domain , RD:receiver domain.
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2.3　Structural analysis of the soybean ethylene-re-
ceptor homolog s

The domains in GmETR1 and GmERS1 were

predicted using the SMART program and by compari-
son w ith AtETR1 and AtERS1.Fo r GmETR1 , in
the N-terminal end , three hydrophobic regions were

identified.Regions I , II , and III may represent

transmembrane domains.After the hydrophobic re-
gions , a GAF domain(amino acids 139—298), a pu-
tative histidine kinase (HK)domain (amino acids

324—389), ATP domain (amino acids 436 —568)
and a receiver domain(amino acids 595—709)were

found.These domains resembled the bacterial tw o-
component HK proteins.For GmERS1 , there were

also three hydrophobic regions , a GAF domain

(amino acids 159—318), a putative HK domain

(amino acids 344—409), A TP domain (amino acids

456—588).However , GmERS1 has no receiver do-
main.Bo th GmETR1 and GmERS1 have conserved

H box and autophosphory lation site , corresponding to

H353 in AtETR1 , and conserved boxes N , G1 , F ,
and G2 box in ATP domain (Fig s.1 and 2).

The deduced amino acid sequences of GmETR1

and GmERS1 were compared w ith ethy lene recepto r

homologues from o ther plants.It is show n in Fig.2
that GmETR1 shares 79.8% identi ty w ith AtETR1

from Arabidopsis , 83.0% identity with CsETR1

from cucumber (Cucum is sativus), and 80.6% i-
dentity with LeETR1 from tomato (Lycopersicon es-
culentum), whereas GmERS1 shares identities of

67.8%, 70% and 68.2%, respectively .When com-
pared wi th AtERS1 from Arabidopsis , OsERS from

rice (Oryza sativa)and CsERS from cucumber(Cu-
cum is sat ivus), these identities are 68.7%, 64.9%
and 66.2% respectively for GmETR1 and 71.5%,
75% and 76.1% respectively fo r GmERS1.
GmETR1 has an identity of 66.7%w ith GmERS1 ,
whereas AtETR1 has an identity of 66.1% with

AtERS1 and CsETR1 has an identity of 69.2%with

CsERS.As for GmETR2 and GmEIN4 , we only got

part ial cDNAs , encoding the intact receiver domain.
Therefore , only comparison w ith the receiver domain

of ethylene receptor homologues f rom Arabidopsis

was made.The results revealed that the receiver do-
main of GmETR2 proteins had 52.6% and 51% i-
dentity with that of AtET R2 and AtEIN4 respective-
ly , whereas GmEIN4 had 42.1% and 51.6% identi-
ty respect ively .GmETR2 and GmEIN4 proteins

shared 47.9% ident ity with each other.

A phylogenetic tree , generated from the ethy lene

receptor gene families from soybean and various plant

species such as Arabidopsis , apple , pear , pea , rice
and tobacco , demonstrated that the GmETR1 was

most closely related to the pear ETR1 f rom Pyrus

communis and apple ETR1 from Malus x domest i-
ca.GmERS1 was most closely related to the mung

bean ERS from Vigna radiata (Fig .3).From the

phylogentic tree analysis , we inferred that GmETR1

and GmERS1 were likely to be a member of subfami-
ly I ethylene receptors , whereas GmETR2 and

GmEIN4 belong to subfamily II.Moreover , the re-
sults illust rated that a clade containing ethy lene recep-
to r members w as present in monocotyledonous

species.

2.4　Expression of GmETR1 , GmERS1 ,
GmETR2 and GmEIN4 genes in different o rgans

To examine the expression pat tern of

GmETR1 , GmERS1 , GmETR2 and GmEIN4 in

different organs and tissues , we collected samples

f rom roo ts , stems , leaves , coty ledons , flow ers , 3-
day-old pods and 30-day-old seeds of soybean and per-
formed semi-quantitative reverse transcriptase-poly-
merase chain reaction (RT-PCR)w ith the soybean

tubulin gene as a control.Fig.4 demonstrates that

the four ethylene receptor genes have different tissue-
specific expression pat terns.For GmETR1 , the

highest expression level was observed in f low ers.Fur-
thermore , we observed a higher expression in cotyle-
dons and 30-day-old seeds as compared w ith that in

roots , stems , leaves and pods.Low GmERS1 ex-
pression w as detected in leaves and co tyledons.Ex-
pression pat tern of GmETR2 was similar to that of

GmETR1 except that the low est GmETR2 t ran-
script level w as detected in leaves.GmEIN4 was ex-
pressed higher in roo ts , stems and coty ledons , but
weaker in pods and seeds.

2.5　Expression of GmETR1 , GmERS1 ,
GmETR2 and GmEIN4 genes in response to abiotic

st resses and plant hormones

To investigate the possible role of the four ethy-
lene receptor genes , we examined their expression

pat terns upon treatments of dehydration , NaCl , cold
(4℃)and w ounding as w ell as plant hormones such

as ABA , ACC , IAA , JA , NAA , and SA.Tw o inde-
pendent sets of RNA samples were used for the ex-
pression analy sis by means of RT-PCR and the results

were well consistent .
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Fig.2.　Alignment of the GmETR1and GmERS1amino acid sequences w ith other ethylene receptors f rom Arabidopsis [ AtE TR1
(P49333), AtERS1(U21952)] , Glicine ma x [ GmET R1(EF210138), GmERS1(EF210137)] , Lycopersicon escu lentum [ LeE TR1

(U41103)] , Cucumis sat ivus [ CsET R1(AB026498), CsERS(AB026499)] , and Oryza sativa [ OsERS(AF013979)] .Boxes indicate
the identi ty of amino acids.Regions Ⅰ , Ⅱ , Ⅲ represent the three transmembrane segments.The regions corresponding to the five moti fs

H , N , G1 , F , and G2 f rom the HK domain of ET R1w ere over-lined.Asterisks indicate conserved residues in the putat ive receiver do-
main.
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Fig.3.　Phylogenetic tree of several plant ethylene receptors.Soybean (Glycine max .)proteins [ GmET R1(EF210138), GmERS1
(EF210137), GmETR2(EF210139)and GmEIN4(EF210140)] have been bolded.Protein sequences f rom species other than soybean

w ere ret rieved from public database as follow s:Arabidopsis thaliana [ AtETR1(P49333), AtERS1(U21952), AtET R2(AF047975),
AtERS2(AF047976), and AtEIN4(AF048982)] , Pyrus comm unis [ Pc-ETR1 (AF386520)] , Lycopersicon esculentum [ LeE TR1

(U41103) and LeETR5 (AF118844)] , Ma lus domest ica [ Md-ETR1 (AF032448)] , Pelargonium x hor torum [ PhETR1
(AF141928)] , Passi f lora edu lis [ PeET R1(AB015496)] , Cucumis sativus [ C sETR1(AB026498), CsERS(AB026499)] , Vigna ra-
diata [ VrERS(AF098272)] , Pisum sativum [ PsERSL(AF039746)] , Pyrus pyri folia [ PpEIN4(AB042110)] , Nicot iana tabacum
[ NTHK1(AF026267)and NTHK2(AF203476)] , Lactuca sativa [ LsET R2(Q5K6M6)] , Oryza sat iva [ OsERS(AF013979), Os-
PK1(AY136816), and OsPK2AY434735)] and Zea mays [ ZmET R9(AY359580)and ZmERS14(AY359577)] .

Fig.4.　 RT-PCR analysis of expression levels of GmETR1 ,
GmERS1 , GmETR2 , and GmEIN4 in dif ferent tissues of soy-
bean.Roots(R), stems(S t), leavies(L), f low er(Fl), 3-day-old
pods(P), C otyledons (C ty), and 30-day-old seeds (Sd).The
equivalence of cDNA amount w as quant ified by GmTubu lin.

　　Fig.5 show s that the four genes had dif ferent

response to the above-mentioned abio tic st resses.The
expression of GmETR1 was markedly induced by

cold and w ounding , and GmERS1 was induced by

NaCl , whereas GmETR2 was slightly induced by

NaCl and w ounding .In contrast , the expression level

of GmE IN4 was not significant ly changed upon such

treatments.

Fig.6 shows the expression pat terns of the four

genes upon various ho rmone treatments.ABA ap-
peared to enhance more GmETR2 expression when

Fig.5.　The effect of various abiotic st resses on the expression levels of GmETR1 , GmERS1 , GmETR2 and GmEIN4 mRNAs.T he
2-w eek-old soybean seedlings w ere subjected to dehydration , salinity , cold(4℃), and w ounding t reatments.The equivalence of cDNA

amount w as quantified by GmTubulin.

1157Prog ress in Natural Science　Vol.17 No.10　2007　www .tandf.co.uk/ journals



compared w ith that of GmEIN4 , but had no ef fects

on that of GmETR1 and GmERS1 .ACC could

markedly stimulate the accumulation of GmETR1

and GmETR2 mRNA , and slightly elevated that of

GmEIN4 .On the o ther hand , ACC treatment ap-
peared to exhibit an inhibito ry ef fect (although to a

less ex tent)on GmERS1 , to low er its t ranscript level

only slight ly.The ef fect of IAA on the expression of

the four soybean receptor genes was also investigated.
The results indicated that the exogenous application

of IAA could slightly increase the amount of

GmERS1 mRNA , and had no significant effects on

both GmETR2 and GmEIN4 .In contrast wi th the

posit ive regulatory ef fect on GmERS1 abundances ,
IAA could also slightly decrease the GmETR1 tran-
script level.For JA treatment , GmETR2 mRNA

peaked 1 hour af ter exogenous application of JA , and
then gradually decreased to the level lower than that

of the basal value at 12 hour.JA had no significant

effects on the expression of GmETR1 , GmERS1 ,

and GmEIN4 .The ef fect of NAA resembled that of

IAA in inducing GmERS1 t ranscript accumulation in

the w ay that NAA could only slightly increase the

abundance of GmERS1 mRNA , and had no ef fect on

abundance of GmETR2 and GmEIN4 mRNA.On
the contrary , NAA could also slightly decrease the

GmETR1 transcript level.For SA treatments ,
GmETR2 mRNA peaked 1 hour after exogenous ap-
plication of SA , and then gradually decreased to the

level lower than that of basal value at 6 hour.
GmERS1 mRNA peaked at 1 hour , and maintained

at 6 hour af ter exogenous application of SA , and de-
creased to the basal value af ter 12 hour.SA did not

inf luence the transcript level of GmEIN4 mRNA ,
but i t could slightly decrease the GmETR1 t ranscript

level.These results indicated that the four soybean

ethy lene receptors have a crosstalk w ith various plant

ho rmones at the transcriptional level and dif ferent

genes respond in different manners.

Fig.6.　The effect of various hormones on the expression levels of GmETR1 , GmERS1 , GmETR2 and GmEIN4 mRNAs.The 2-
w eek-old soybean seedlings w ere t reated w ith various hormones.T he equivalence of cDNA amount w as quant ified by GmTubu lin.

3　Discussion

In the present study , four ethylene recepto r

genes , GmETR1 , GmERS1 , GmETR2 and

GmEIN4 were cloned from soybean , corresponding
to the Arabidopsis AtETR1 , AtERS1 , AtETR2 ,
and AtEIN4 genes , respectively .GmETR1 and

GmERS1 belong to subfamily I and GmETR2 and

GmEIN4 belong to subfamily II , indicating that soy-
bean , like o ther dicot plants such as Arabidopsis ,

tomato , and tobacco
[ 13 ,15—17 , 19]

, has at least four

kinds of ethylene receptors , whereas monocot plants

such as rice and maize may not have ETR1-like se-

quences but have ERS and ETR2/ EIN4-like se-
quences

[ 18 , 20 ,25]
.

AtERS1 has four introns corresponding to in-
trons in leng th and position in AtETR1 , except that

AtETR1 has the fifth int ron in the receiver do-

main
[ 9]
.The genomic sequences of GmETR1 and

GmERS1 contain four and three introns respectively.
It should be no ted that both genomic sequences of

GmETR1 and GmERS1 lack one intron in the sensor

domain of the AtETR1 and AtERS1 genomic se-
quences.Whether it is an ancestral organization o r a

novel event in gene evolution remains unclear.How

the intron in GAF domain of ethylene receptors was

produced o r lost , and what the underlying funct ion

w as need to be further elucidated.If i t is an int ron

loss event , it possibly means that the GAF domain is

no t crit ical for the ethy lene receptor function.Int ron
loss can be considered as the result of int ron turnover ,
or is involved in reverse transcription of a mature mR-
NA followed by homologous recombination wi th an

intron-containing allele.Moreover , the second and
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third introns of GmERS1 are about four and two

times longer than those found in the corresponding

posit ions in AtETR1 and AtERS1 .

The complete GmETR1 and GmERS1 predicted

proteins are 722 and 636 amino acids long , respec-
tively.The deduced proteins of both genes consist of

a sensor domain and a histidine kinase domain.The
kinase domain contains motifs (H , N , G1 , F and

G2) that characterize tw o-component bacterial His

protein kinases.The sensor and the kinase domains

are thought to be important for the normal function of

ETR- and ERS-type ethylene receptors
[ 6]

.The pre-
dicted GmETR1 protein also contains the aspartate

residue in the receiver domain that has been predicted

to be the target of autophospho rylation in Arabidop-
sis AtETR1 , AtETR2 , and other receiver sequences.
These results indicate that GmETR1 and GmERS1

could be putative ethy lene recepto rs with the ability

to bind ethylene and signaling transduction.The

main difference between GmETR1 and GmERS1 , as
already observed for other ETR1- and ERS1-ty pe
proteins , is the lack of the receiver domain on

GmERS1.The predicted GmETR2 and GmEIN4

(194 amino acid residues and 252 amino acid

residues , respectively)only have the C-terminal re-
gion and an intact receiver domain.However , as

AtETR2 and AtEIN4 are fully functional ethy lene re-
ceptors , all members of this subg roup including

GmETR2 and GmEIN4 are potent ially functional
[ 26]

.
Together , these results strongly indicate that the four

isolated sequences code fo r functional ethylene recep-
tors in soybean.

The ethy lene receptors are expressed throughout

the plant , but w ith variations in levels in different

tissues based on the analysis of Arabidopsis and

tomato
[ 9 ,13 , 27]

.Three receptor genes in Arabidopsis

(ERS1 , ETR2 and ERS2) could be induced by

ethylene
[ 9]

.The four soybean ethylene recepto r genes

w ere expressed constitutively , but t ranscript abun-
dance varied in different tissues.There is evidence

that receptor levels could be reduced at the t ranscrip-
tional level in response to stimuli.Recently , tran-
scription of AtETR1 has also been shown to be re-
pressed by salt and osmotic st ress , suggesting that

abiotic st resses may no t only alter the production of

ethylene as a stress signal , but may also alter expres-

sion of components in the signaling pathway
[ 28]

.The
tobacco type II ethylene receptor homolog NTHK1

gene is salt-inducible in tobacco plants
[ 29]

, and its

overexpressing t ransgenic Arabidopsis was salt-sensi-

tive
[ 30]

.Ethy lene receptor function led to salt sensi-
tivity and ACC appeared to suppress this salt sensi tiv-

ity in Arabidopsis
[ 30]

.Consistently , Achard et al.

also found roles of ethylene signaling in salt toler-
ance

[ 31]
.

In this w ork , the four putative ethylene recep-
to rs w ere dif ferentially regulated at the t ranscriptional

level under abio tic st ress condit ions.GmETR1 gene

w as up-regulated by cold (4℃) and wounding ,
which suggested that it may be involved in plant cold

and mechanical wounding tolerance.Bo th GmERS1

and GmETR2 genes were induced by NaCl , which

implicated that they may act in the plant salt respon-
sive process.In contrast , GmEIN4 show ed no re-
sponse to abiotic st resses.

Ethylene , as a plant st ress hormone , is also a

signal for plants in response to pathogens invading.
The role of ethylene in insensitivity to disease resis-
tance varies g reat ly from one pathogen to another.
Soybean ethylene insensitive mutant et r1-1 displayed

less severe symptoms to virulent Pseudomonas sy-
ringae pv .glycinea and Phytopthora sojae , but

more severe symptoms to vi rulent Septoria glycines

and Rhizoctonia solani
[ 12]

.It would be interesting to

check if any known ethylene insensitive mutants in

soybean are corresponding to the four ethylene recep-
to r genes by cross-comparing the genetic positions of

the existing mutants and these four genes.

The receptor AtETR1 , on which ethylene has

litt le stimulatory effect at the transcriptional level , is
apparent ly repressed by ethylene in the apical hook of

etiolated seedling s
[ 32]

. In soybean , ACC could

markedly stimulate the accumulat ion of GmETR1

and GmETR2 mRNA , and slightly elevated that of

GmEIN4 , whereas ACC exhibited an inhibito ry ef-
fect on GmERS1 t ranscript level slightly.Many of

the diverse internal and ex ternal cues converge on the

regulation of a handful of plant hormones that , by in-
teracting in a combinatorial manner , generate an ap-
propriate set of responses among the multitude of pos-

sible outputs
[ 33]

.Recent ly , studies suggested that

w hether hormone signaling cascades interact in elabo-
rate networks highly depends on the organ and the

developmental stage of the plant.The molecular

mechanisms by which ethylene and auxin , SA ,
ABA , and JA interact to regulate these processes , ag-
onistically in some cases and antagonistically in oth-
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ers , remain largely unknown
[ 34 ,35]

.Our results indi-
cated that GmERS1 gene w as up-regulated by IAA ,
NAA and SA , but GmETR1 was slightly repressed.
GmETR2 gene was strongly induced by ABA , and
slightly stimulated early by JA and SA.These results

suggusted that the four soybean ethylene receptors al-
so have a crosstalk w ith various plant hormones at the

transcript level and dif ferent genes respond in differ-
ent manners.Moreover , the four isoforms may not

play exact ly equivalent roles in soybean plant.

Further w ork is needed to determine how the

isolated genes and their products might act to coordi-
nate ethylene responses and interact w ith other hor-
mones in the developmental and phy siolog ical process

of soybean plant.
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