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- Concerto for Hormones, Environment and Genes -
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Abstract

Plants are inherited spatial and temporal coordination systems in their growth
and differentiation processes which are precisely governed by the two interlocked
control systems; autogenous and environmental. Looking into the overall course
of plant development from molecular to organismal level, it can be comparable to a
concerto for plant hormones, environmental stimuli and plant genomic orchestra
conducted by an unidentified virtuoso.

Some of the recent significant attempts to puzzle out the mystery of the life
processes of plant development are briefly reviewd. The revolutionary advances in
understanding the mystic processes are contemporarily achieved by the
application of various molecular techniques. The characterization of plant
genomes is now attained through recombinant DNA approaches, and the sensitive
detection of specific gene products during the plant development is perimitted by
the immunochemical procedures.

However, along with the recognition of underlying molecular events such as
developmental changes in gene expression and hormone-receptor interrelation
associated with tissue sensitivity to hormones, more emphasis should be placed
upon the physiological approaches of organismal level for the understanding the
correlative systems of the developmental processes of plants as intact eukaryotic
organisms.
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A =

il 4 (development)o] @ = H oA FE] F5o) o227 72 HE 245
AR LoivE A complexitys] HIZFHHA Frleolw, olE FAZH
Soiy AR gPez Ry AFHEd AN AL YF EdHae
Eq SR XA SHY E o] dEAE FHAREA vRE £
AR (growth) ¥ ¥ sh(differentiation)2 o] Fel /A YL HAME AA
A3 AYHEd 2 FAM e 2 (divergence)e.z ¢dsio] £2o W
# g7t 2 A (determination) k. L} ool M E 2] ¥ 2 genome o
312 o) gio} pluripotentiality® AU A A

FEFAE 8 AT A NH 2 HEL B9 N2 Eoll dolME
E3E o2 ASe= A e S AEES ¢4 7R o YoM E FEFH
gz FTEFAL Az Qe PYAFE3e patternd] A E FEAA Hol £
Fes B2 5AHAd A4S vebd. 53] nGAE @49 patterno]
FE9 2A3E dE VA2 WEEe] & £
H25Y B9 5999y dIFe7a3x 47430, AEe o|HY =#
e $AA EY - R LR ooxE AFEYY VIE ¥
Yoli} Y3 22 A0 sl FEANA B o & Fex oW
FARE o] ZHAA BdE Ao

7)3-¥ A (organogenesis)ol] W3 Hd, N, ZAH¥F Jd+EF FHo=
Az AEAFERe 27 A= AEYA=HZEZ ¢4, =3NS 9
Ay A wjF7ige] ANEE ole EHo] MELFH o] BRI, 2 F
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#AAS £, d¥YS HEA & AZY DNA 7187 vEe] 42 ¢

22

FE A 2HARAS A% UARYA sge] in viro W7 YH
HE el AEALEHS 7|1FE ¥4 4 $HA +F04 FHHHE AES}
2o gud] AARD o EXAE HEs] HARANM vhehte
ERH 22 WASS ABRD, 45 AREH QojH Tl S

3ol BolA 2 RN H A FA S AFHER GRS LM A .

= <
1. AE4REsHe 54

ALse BHeE FoH ARG B d¥FS vAE U} FHL
WEgL AR 4E5s0] A& S 387 Ao BdHeE HEdAE &4
o7 ZAA o y%ﬂl% o7 A% w4riFI veEuA "Hdg. E7%
male) AP dzAe] 252 9HY ASEr A2E 9 ¥ FE FAH
Fd5ge 2eaxn Q. w(embryo) dA7t Felo] A7Her Fse
A= FEFHE 2 RJTAEL FAY dol -> {FHEZE E@AE A
dFAR -> BFYAHLE NFHE Y47 > 23 3 > o0 2 >
27 9 FA8A > =3 > AMY FFog oA *AEFL 4AFH

237 A% A,

1) w4 ¢] = A (coordination)3} o] 2] A](control system)
Age e A oJH BHos ZTdge]l dAAY B Qojd 4
27 o] AFEHR=EE ZHo} R A, FT4H d 9 AAHY
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orientationg Z A3 = spatial coordinationm} ¢]E 2] WYL ArHoz
Z A3 temporal coordinatione] wdEQic. o|H ¥ ZHZTLE Aol
Sde2E HEA ol E3HE autogenous control system} R B3 2 A9
environmental control systeme] $ict. A& 5, &3t Mol FF7)
A2 ALY 27|77 $743 el &) AojH ZAzoln] 9o} e
Tl N =7 Fo HAH A A & RAolr.

2) Cell Heterogeneity$} Polarity

AT Y2 REEEd(unequal cell division)2 A]ZAHu}., o=
AEL Yol RNeJA cell heterogeneitys HAdsts A=) dAloln 25 Ao
7% short-root axisg FAshE 71Ee] Ao MEVA, MEY FHYERS
HAH HFEE/ gradient§ ¥ Adaxm eolo] wal mitotic spindles)
orientatione] Fajx A EAle axisg A= FHPAl vehiA A
AE7]%e] 3F R FHHE FHNANE AERAdd] Hge] AHYH g9
o2 zZg3=d microtubulest YXHEW ) cellulose microfibrile) wf el

W¥e] 24 W% ¥ ch(Hardhams, 1980).

3 HgErd=3

DEAE E719 AVRAENL A4R S Y4d: UHel =Ho
ol Z2RE REHE MES S AF(cell lineage)e H$ FAYow vehdd.
$8 F X-48 ZAY 54 R Re E49 AN dolk EA =X
pigmentation midribe]\} A& o] F2& e FLAARE HFolol £ 2 YR
G2 deds 395t fed oHE WAL AL 7 7) WEo] s &7
HAA 270 AAMEZ ¥6 2 7 cloning Ho] $AH AYS Kol (Coe
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9} Neuffer, 1977).

Lupinuss} Dryopteris®] A4z4, 5%e)e] YGRS oz o &
¥ FE2As E38 z2A4% 9 ¥ TAHY L¥ARS HEol callus
z2og REse i, g 24 PEPdzAo| self-organizing,
self-determining propertyg =AY UFE HodFd. Loy £
FU8 THU HIELERHo] YRB[A0) EH] Y= HEAA ofHF

T SAol BdFol HEH AFE ol oH A o]t 3R},
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1) Hormone Receptor

HEEEL J¥849 informationg HEshe] HERYo 4L
FHE AEE WY AAol o) Bejdn HE LAY cordinatorz g
FHEZA AN olm] A Q= BPzzowe] HYH AT ww
HES @ 9@ 42EEL 4ERYATY =9 Yoy WaHo|n
FTAHA A2 FHE.

AELYol RN AEEEY o) AY AFE G2 2L 42 o4
49 H .

(1) £&4 signale] 22 9145+ %% (hormones} receptore] 4548)

(2) Stimulus-response coupling®] 4 %] s} o] o] o] 7} 1] &

(3) Primary responses] 3w

(4) &0 o) "= = gene producte] & 4

(5) 3 4oz dehl: Yu 3 gy S84

AEEES] primary actiong 947 JAHNE BAo) 22 29y g
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g2 YA gPol) FESY 32 FEo #Y dFHEdE hormone
receptor®] 543 signaldE o7l UF Fiol] 2HE Ro: Aol uEFH
3}, 1984d Hornbergs} Weilery Vicia faba L.9] :;,’-rﬂ‘x-lllsq 48 A A o
syntax error file -, between lines 199 and 199 -cis(+) ABAE A+ 4
248 A% MEW Fold ABA receptorghx $asl: @uES Helehgit.
AEFE A 24 AFTE receplors] S} TEHS) AL UHE 2}
AR At = receptors 8 A = WHAFS AXE T o9
715 ol FHE] = A o] B3 8 (Bhattacharyya$} Biswas, 1982;
Oostrom%, 1980; Vreugdenhild, 1981). ABA«] di% ¥1zA%s Z+ad
< 424 (Robichaud%, 1980), Arabidopsis  (Koornneef%, 1984) 9}
B g (Ho%, 1980), =e]lx auxino] w§ Arabidopsis (Maher$} Martindale,
1980)%  mutant: receptor dtol F2 AE7  Hd.  Singhw}
Paleg(1984) GA Wz =7 449 A4 2o TEEFS M2Hd¥d An
GAol d# ¥WZA=E7 YIS E A48T A &He7 GAY A¥E £
A= receptor siteg FAANG R Eedfo) Rz H o2 F 3o
ZHALAE REGE e AS At EF whold. EE o AFES
4¥Mez YA ¢ Ui system@ Alwete] receptors] HE& AFHE
Aol AE A2 712 distvFEE olsld=d 2 E5& £},

Receptor %o #§ FHMHA FALE Loblers Klambt(1985a)
93ted A A =R o] 52 20 kilodalton subunite] dimergl binding proteing
Ho 4 wyorg o4 FEsd. o] binding sitex auxine)] Wz
S EFHHAEZ FEse] denw] o =AL  antiserumd A
incubationsl ¥ auxin-dependent growth responser} % ¥} (Loblers}

Klambt, 1985b). w24 o] binding sitex receptor?] 71%& Ao
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HEZZo) FTodsle auxin receptorrk MEW X Wo Yz YL
-7)‘10] g JHeAES MAEHEG. 1987d VenisE= monoclonal g polyclonél
antibodyS 7] st w9 AAMA FAY receptorE: Yo AT
k0. 8 & hormone receptor antibodyZ o]-%ste] receptor®] T+, $x 9
7%, 283 signaly] AR AIAUFS FEsE $F BT A7)

A,
2) Hormoned#} Gene Expression

Subcellular 4] R AsFd e AEEEY] #AEHRYE= primary effectd
GebulE MERH sccondary effectd AHes $dA4 ot JEFEL
HEEYH}AS HPA7 YT o8 WP gene expressions] # 39}
daso] 7] WjEd FEo % HIE A E gene expressiond ¢ A ) o)
Rk, FAA sEANANY F2AdTF AEH AANE Folut $FollA auxin
o] #]% gene expression®] HyF Polu} Ha TEFHNENHY GAo %
$AR 28F ) A}

1960 ¥wkell RNA® Aol auxine] & ZFAFAdE A4de] <3z
ol Glycine max &M% o]4] RNA polymerase 12] 343 rRNA 42
F 7} A1 7) = auxing] & I} (Guilfoyle®, 1975), &% AuZ o)A auxino] 2|3
cellulase mRNA#e F7H(Verma$, 1975), auxin Hel§t Glycine max
E = poly- adenylated RNA 2 in vitro translation
product 4(Baulcombed, 1980)%9 d7AH7 Z3Hso] g=u =3
Baulcombe® Key(1980)& Glycine max & =4 auxin-regulated

polyadenylated RNA sequence’} X% 3 recombinant plasmid& %E 1 o]
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sequence®] cloneg differential hybridizatione)] s ¥ 4% A3 9 e
polyadenylated RNA sequencer} auxin®] RNA<%o] w3 ). Zurfluhe}t
Guilfoyle(1982) 23 Theologis$} Ray(1982)x =2}7} Glycine max £x=
$72 22 YRR} F mRNA populatione] auxine] o8] A, oz
s WAsdg. =8 Ganttet Key(1985)= Glycine max 2] )] % ojl 4
immunoloical cloning 7)¥& o]§3tod auxin H#] AF auxin-regulated
ribosomal protein mRNA$2 cDNA cloneg Ead=d AL ¢,
Auxing] o] @ ribosomed 4 FAAHE PR THL F3lo auxin o] AT
AAEe] 48 FHAA dF S 7XNT A AL Aasied o] 9w o)
B¢ YEE sequence FHolvh WART WL olEd AHYY ooz
oo B4 Y Aol

GA?9 7%, 1970d ¥4k Varner$} Jacobseno)] £]3le] ZEHZE o alpha-
amylase %4 $717F GA Hd=2Z §¢5w o] w translatable mRNA 2 %
F718dE A4 waA o)d ERE M EU mRNAE in vitro translation
analysis2 # 4% 73 alpha-amylase mRNAo]9lo] 2 mRNAXE GAoj
o =2gHtn d# A d (Higgins%, 1976; Baulcombes Buffard, 1983). o
¥ GA-stimulated mRNAo] £ 3}o] encoded protein sequences ¥ 43t
-i}’soﬂﬂ 19859 Rogers®-& AAMZ 2] ¥ proteased %= 37137
mRNA sequenced Lol o] 52 GAsup3E Hald Hale 82 4
mRNA= 3 ¥ 1400bpe] cDNAE A3 o] ¢ coding regione s e TA¥
opm| ;e Ak2] =417} F 2] lysosomal thiol proteasesl cathepsin He¢] A3
Ad #nt 442 wAdRen of BURE raineld YA o ol
2% 2] mRNA sequence:= 2z} 7} cathepsin B yeast?] carboxypeptidase

Yo} 27% ZSE Yoldy. Koechlerst Ho(1988)= Maje) Zu waE
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F A o)A ammonium sulfate precipitation, gel filtration DEAE anion
exchange HPLCE o} 83} o] papain®} $ A3 porteased ¢+ F AT o F
X g 9] endoprotease-A (EP-A)z} o] § A Rt}

3) Gene Transfer$} "Hormone Gene’

AZAE Ex AAl foreign gened Aol 712 4F 4% 3 o
2PY 22 AUYEFS Wdl=d & £FE o] & k. Transgenic planti:
Agrobacterium tumefaciens2h %70 Wepshed A& YHARY HYAA 2 ¥
3 A% callusol] 4 ] M=) Avk(Horsch$, 1984), A. rumefaciensE o] & % leaf
disc transformatioﬂ systemoj] ] L& $ 2} (Horschg, 1985;
Horsch%, 1985). =3 32374 ABdqA A. rtumefaciensd o]§ % DNA
transfer 7] e] 7t <A Roerz vy tungsten YAFEHo HlE gened
coatingd ¥ %4=4-# suspension cultureo)] Loz XA wryo] 29
HREd o] ¥ A4 AEd4 AelH FHAA] wHE $d3dd(Kleing,
1987, 1988). Phaseolus vulgaris cv. Tendergreen F AW A4 Rl
beta-phaseolin®] gene& A. tumefaciens?] A66 Ti plasmide] 7jej@m
o]& Nicotiana tabacum var. Xanthie] A Ao AJLsAd o PA
Q2 Fue) FAUNE 2 2 blshe] o 1000m] &) phaseoline] 5% = o]

gt o] b-phaseolin gene2 Mendelian L AHAZA FHHO

i

w3d A (Sengupta-Gopalang-, 1985). =3t Glycine max2] FAGHZE A B-
conglycinin ¢ gene® Ti plasmid vector® o]&3« petuniac]A
¥ "} (Chens, 1986). olgig AF:= AFHHoz JFARAZL d AE

Helf Fo% tissue- specific expressiond ZAs= DNA2 2397 o 3
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HER o s A4S B &

A. tumefaciens Ti plasmide] T-DNAE JTAA T AARAH Hod}:=
# 4 9] tryptophan monooxygenase$} indoleacetamide hydrolase#] gene(z}7)
iaa M3 iaa He #)& 7s1xx ewj(Thomashowd, 1984, 1986),
cytokinin¢l isopentenyl adenosine2] A 49 isopentenyltransferases)
gene(ipt)S ¥ H3tx s oh(Akiyoshig, 1984). o) 2 ¥ ’hormone
gene'E2 EAH ARYYH SHS s A AEAFETA £l R4
auxin®} cytokininAl F29 AEL gl AFE ABE AT FE Aol
HA7rA ol FEo BYE AHE F2 P4 AEA Y FTE9
AdYgSS EUE o]Fo] AU olHE Aol HYRgA ¥ XL
Tt AuiolAe 2ukAl £ systemeo] A=) wFo)l FEe AFG
AES THH7 dERG. oY FHES Hxe) AR HEEZ79
2HE o 8¥rt. ¥ gene transfer YPPe=E L transgenic
planti 4+ Wfdem T2l YHFHE ol4e] EAHS $HY AANZ
= & ZAelr. o} transgenic plantef] HelH FEFAHANEL
auxino|y}  cytokining #H YA r] wHEH  AYPe] IJF3I]  oJPx:
Bl gArF el T E 4o L}F}L&E}(Barry%, 1985; Klee%-, 1987). Auxin,
cytokinin o] ¢Joll= GA, ABA, G, Hy9l 4 ¥ Aol Wi gened] <Foj
o] systemg o] § ¥t AEHLENY HAE HIANR £ A: A5AHS
ANAY + AS Aol

4) 4 4 4 (Reproductive Development)
AAE Yol WL vy BFE YA (flower initiation ¥ evoca-

tion), E¢ AFER(IRYA, $8, shPol, HF¥ER 4F), 49 wdy,
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oz o, F4, d2e 4FEY §5 £4 W (Berniers} Kinet, 1985). o] &
BTYAS S3AIELT & HEL dA4FAHY FaH A8 HF
W73 wbg-dted vrebbE systemo] ). 19201 %3 714 (photoperiodism) o]
427 old) ¥ FEo B FAY AT AAN FHHR ) oA
ARk T uAHAZ o, BFEZAES] ANRAAL dAE=
-E--F‘{-*l-‘& &3 Ao

(1) <ol A 2] photoinduction (all-or-noneo] o} quantitative nature)

(2) MRS P (712 ol 4] 84&)

(3) M2 9 o] F

(4) 2184 (27134 £4=3)

(5) %9 A BYH +£)

EAFENA L MYATF ) HZ Y2 gene expression] HHF LolH 7
A BrBASEA ADEd=A g4 I3 {3 9 photo- inductione]
Qojuts 9 ZFo|Ae] mRNAME 23 So|vh. Arabidopsis thaliana=
DNA¥ AL s+ o 3 DNA base analogued] 28 37 &3 ¥7)
HEel o] AES AMBAE gene expressions] Mg diése] UE 7
o]gtsr wWeghdd(Berniers, 1981). o] A& o ¥ DNA base
analogue ¢ FIx AL Adol}t Al FESA B gd=d R4 o
et o2 Neof Mt L2 sl A vethbE ofd gajo] A F A
Aol e z8=e) HE Aoz F£FA(Gotds Hamada, 1983). DNA
base analogue® 5-bromodeoxyuridine(BUdR)e] M3 ExXH 3= Pd=Eo =
Ag w ¥} S-fluorodeoxyuridine(FUdR)H &4 Q& o © =3A
et =l ofw peroxidases] isozymes] 471 FItvt. ol 2 A AHAAEA
AR BeAd SMd AL Aojss #4F $EE 494Hez DNA
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base analoguer} Wajdt= Aoladzn F5H.

X84 $5A Sinapis albae] 7] A}EExA) @ HEE =3
Aoty oz Y A 4F4F Y QP sl protein Af 3
oy gyRe 57 MEFEAD 48X Foll Fr= % en] 9647 o] Foj
= 24y es ool Qo (Pierards, 1980). @9 Bst Cx a9y A
Roj A9 el ARG E 30-364 ol vhebhA] 2404 k7hA] & F ¥ gk
Lyndon% (1983)% o)k $A4% @A 249 ¥3E B2, TU4EQ
Pharbitis nil Chois. cv. Violets] M%7t §58 wod= YZHUo] Heols
479 liFe]l M2 eSS W% wyerm gxegdeni(Maeng,
1982), o) ¥toll MG = A Z7]AWE W acid phosphatase, peroxidase B
isoperoxidases &9 W37t W F k.

o] vtoll 3o LEH F8Y PHE Lay-YeeF(1987)o) &3 Aot
o] 5& Pharbitis nil Chois. cv. Violets] ¥ % A9S MYFE E£E=
HSE F372 A& ¥ Aoz B polyadenylated RNAE o]
AFEE o]l SFHeE B FHYR HAso] Z AP e wheat-
germ system & % in vitro translationo] ¢j&] 912 translation productg 2-
dimensional PAGEZ #4#%c. A¥L452dH Add =4 &2 A9
mRNAZAE A& ¢A, Aoz A Aol & E4E £ A= MAd{E
FHolA Yolu}= gene expressione] WHs wvimH HE& $2 FAHAR
Fgso) YelddE FAE BRAE o] APAFAE EAFLENAY AH¥RE
22 47& U AFY Aol
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2 =

o ez HE Azt=io] A do ReFd FUglel AYHE AF o 43434
B Edoz F7d AU VHHFS AN P48 AN Y5 HEol
% £tk AES o)ul WA U w4ge) programE YT Aevh S 4
Aol AAEFAN 3B o o)#lF programe] o] WHE A9
Weh @b ARl sisted dehle PHEI1H TAL AR BAHe
FEAENTY T A AES VYA ddHel AL F71HeE B2 o)
ASe  Yde 9AE ws A A= few, MAuedads %
237185 TATYe] 44 EHEF o]FT Yoldrh AT ARH.FUA
ZA4YL AREEo] @yt AEZE AT AR BH: $ALIE
23§ obETHE stobRUE o] F0]71 AT¥ concertool) H]% 4 Arh.

Sdel Mol EHA $ATHY JHe TS HeE PR4S $UR
azald FHFAE AT e AYHT Qen] JETUYRINE AFE
ddel £¥x7] AHT QU aE} HHEY AP TFAE o 4L
$A% +z4 FHAAE ATwAtes: cgsA ol 44 8 Aol
SAANe AR RS A, ool J=FEE B Hu} i H2HQ
FAE, S5 DEATLAN YolAE FAR $EolA o AT tEel, Foix
BAART QoA ANFES integrityF $A w2l FAMHe coordination
system2 WAeZ Aol dFsolel & Aolwh W] HALA patterne] Tzt
S @ren dod gddez AN $32S dol FRHARH A HH AS Y
SHoNE ATwEs 25 H4E0d oS F Aol
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