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Molecular Characterization of Plant Genes
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(Dept. of Botany, Seoul National University, Seoul)

ADbstract

Recent development of recombinant DNA techniques such as gene cloning and
DNA sequencing has led to understanding of genetic information coded on plant
genes and their application to crop improvements. Nuclear genes so far isolated
and characterized at the molecular level from various plants are those involved
mainly in photosynthesis, nitrogen fixation, seed development and defensive
responses to environmental stresses. Most of plant genes contain intervening
sequences (introns) flanked with GT and AG,as is typical of animal genes. The 5’
flanking regions of plant genes revealed the presence of promoter elements such as
TATAAA and CCAAT , which have been identified at animal genes to be
involved in transcrip- tion initiation. The 3’ untranslated regions include a
sequence similar to AATAAA which functions as a polyadenylation signal in other
cukaryotic genes. Furthermore, enhancer-type sequences were found at the 5°
flanking regions of various plant genes. This indicates that the structure of plant
genes is very similar to animal genes and mechanisms governing the synthesis and
processing of mRNAs may be identical in higher eukaryotes. However , genes
expression studies involving transformation revealed their differ ences within plants
and between plant and animal systems.
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=He) A%E $H4E Aol 4FE AAS A a2, olHE BEH
4253 g Fwmi Fhasel % FEAZS WA =P,
$298e THS $ARAA P oE ABoAu Heigolst welEz EoiA
%A ghew FsA dAfler, ©S olF Aole §8HAE Aolupel sfite]
279 ol% 2L FA} ¥ AZY DNA 7|4 20 43% 24 & 2y

Ad 159 . A oldll AL F FFHe ZjEHelm HAH FATHEY
$#49 cloning % DNA sequencing 7|4& Ex$Zold GHR e P29} 759
ol E 7HsstAl siFx ). Cloning o] 2)s) DNA HAY &80 sHssn
sequencing o] ¢s o] DNA HHE o]F: 2= dr7j4dE AHHe 24 53
FHAE B4ste] E4E FHE £ A AEZE DNA 71£% o] St AEGA
cloning st $HH ZHREE A% FHAE = Fete] AFo) A=Yt
TEe dFHeEA AERAAS HHRDIAS AL 7 AS ¥R ohiF
ol#|d 7 A Yol PEE S8 & & FES EFL MNBFY £
Vet $-883E AR $ANE AEANA B9t obvzt A s o] Qe
AE(deEote wlej#A7tA £ )R FEH FEin EY¥orH $E¥YBL
FAAZAL R 2L G A FE F Ak ASAL SFPUH o2 B
AL WS AEH 22 st olfReoma FIAE EFAw AusA
FTUE & AUk AT AEolA AZPDNAYIEE o] &3t of8] Y ddel Fodse

e $A AEe] Esle] a%d FE7 AWHART, 5L Edehs ol
AEge. & FAAL GAnA FEA, Land, A An 439 13
W3t AgAde] FopolA] FEI AAH AERFHAES 24T olE2 FAE TES
FAZAY nE F49staa g



B AN A FLY ez RE HYES s AFH
iAo} Aoz HEFT Yok FHY FHele @2 DHo] JHHA
NI o)F FollA LEHske ARG FE= FE @¥F A2 ribulose-1,
5-bisphosphate carboxylase-oxygenase$} chlorophyll a £} b o] H¥et= g
5 olt}.

Ribulose-1, 5-bisphosphate carboxylase-oxygenase & Calvin cycle oj4] CO,
2o Hedste Hxo Lol Rubiscoztm ]y k. o] Ak 8719 large
subunit(rbcL.)8} 8702 small subunit(rbcS)E o]F o] Ardl, rbcL chloroplastel]
EAse FHA d, 1heS= Gy fAA e s slo] o

TEHEANA beS {HAE  multigene family 2 ZAsm, gy A2
FAAAE ] AAFAA &= FEI} w At FRAY4 2z wheat(Broglie
et al., 1983)9} Lemna(Stickema er al., 1983)ollA] z+7+ 3+ 2] & AxL7 FE7}
SR, ARG EZE pea oA 5509 $HA (Coruzzi er al., 1984; Fluhr er al.,
1986)7}, soybeanoll 4] 271¢) ¢ H A Grandbastien et al., 1986)7} petunia o] 4] 6719
#3A (Tumer er al., 1986; Dean er al., 1987)7}, tomato ofl4 4712] A= (
Pichersky et al., 1986) 7} Nicotiana tabacum (Mazur and Chui, 1985)$} N.
plumbaginifolia (Poulsen et al., 1986) o4 z}zt 19 $AA 22 =e] T2}

2AAHRG. olF KAAE ol dHA AAGANM zHslm, o HFH:=
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phytochromes] ojs) wWAFcT LA k. 1bes = peptide & Az o
cytoplasmel] &) free ribosomeol] 2ja] APEAHIZ A=, chloroplast 2 o] Es=
Aol A transit peptide & MAHG. ol Eafsk FARo] o8 LT
chloroplast & o]g=l: 9 transit peptide = A F o4 ofr]icit Ao
Z2AML ¥odFm 9} (Fig.l; Karlin-Neumann and Tobin, 1986).

1bcS §HAEL coding RANAE 48] wL FHAL HoAFed 224 o
Aol introns] oM bl Fig2el4 Mol 3 nhgh o] rbeS §HAe
introne] 3= FHAA ] wie} 1 - 3702 ook 7} intron 2 o]Sg T e
SAAAA 2L P2ol EAeT Yok FALAVZ e wheat o rbeS §ARE Fle)
intron BHg ZHAE R, #HAQHE FolA T &3 soybeand pea &
#HAE Al A2¢) ¥ intronel &s vhield ek Aol &k petunia
Al M FEH 608 FAHA FolA S8 FAAE Al A29 intron &, zFZ
2 & FHAE o] o E shle intron & o AR Ao § F 9 Nicotiana o)A
FEH §FHAE A9 intron o Aeld AU ), FL AAAHell Fate
lomato ] 9 £&9H 49 FHAA 5 A3¢ intron & ZHA stz 1A s o
W2 1beS FAA GFE HEA FEEH FEIb gk HAXy OIEJ‘?f
A4 2 intron o] ZAHA FHAHe g £dEe] 7= Ag B £4.

B BAd= FAAE HA7A FEF o2 FHAL chlorophyll a 9 b
o  Histel WE EHIFE HEAE olFL @ H(chlorophyll-a/b-binding
protein)g ¢%E 3atE cab §HAolt. cab FARE FAY A4S wheat (Lamppa
et al., 1985)$}Lemna(Karlin-Neumann ez al., 1985)ollA) z}zt 14 o $HA,
474489l pea oA 19 §AA(Cashmore, 1984)7}, petunia o4 6742
@A (Dunsmuir, 1985; Stayton er al., 1986)7}, tomato ofj4] &<

A7 (Pichersky et al., 1985)7}, Le]r Arabidopsis ol A 309 & AA(Leutwiler et
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al., 1986)7} F&=lel 727} 48 R} o) FollA Lemna &} 4349} petunia ¢
4 gAR(Stayton er al, 1986) ofj= 1s§¢] intron o] EA3x UF = e
SHAEL intron & 7FASA] gk Yo, transit peptide & BRI AFTAZ
g4so] ol transit peptidei rbeSeb REHow EHHL MoiFzm Yrj(Karlin-
Neumann and Tobin, 1986). rbcs £ cab A2 UF= ZAslo] A5 A Eo
2gERa, EUE AZAdAa = galgk o] ol o we] fEHo|
BEEHQ e, Yol o wd 2E o Hoj3E regulatory sequence & 91437
Ak A3 AP o} (Timko et al., 1985: Simpson et al., 1986 a, 1986b).
Chloroplast DNA ojli= rbel §-312)} #)el] 120 7)) o] AHe] $A7} Zxabit ol =
tobacco (Shinozaki et al., 1986) ¢} liverwort (Ohyama er al., 1986) ] A DNA (#Z}

155,844 bp ¢} 121,024 bp) 2 71 o] &3 A A}

(]
e
X
ft
ot

AR YA ould FHREA FT5H HAdo AW WrFY AAE BHEY
+ NE FHE YYD FE=] AN, S25e 4Bl HE 1Y HHS A
M YEFG FYRAE FALezA H2E YUt oj&sx U nYEHR
THRAE |ASE AE Fed B dFU AWEIT QA= AE 2 F3
3t AZeld. o|E2 Egutelg|olel Rhizobium 3} AZ 23] root nodule
ojgt: S4% AL WAz HriFe Z4LE DAY £ A root nodule &
HAAs7l s weEotel $xb oluE AHEAE W fHAe wie]
suk=] o] of ¥r}.

Root nodule o 4ut SolatA FA=l= 4E2 @ EE nodulin ojgtz R = o,

o] &£ nodule ¢ T2 E YA, BLEHE s ALEE 24§ 3y, £



dtejgjobol 4] FAHYUe] AEHoR HAAEE AU F= 48 S YA (Fuller et
al., 1983). Nodulin2 soybean (Legocki and Verma, 1980), pea (Bisseling er al.,
1983), @2 alfalfa (Lang-Unnasch and Ausubel, 1985)o] 4] 7}z} <F 20 o &7 7}
EAste Aoz A#HA YUt

Nodulin §AAHE FoA 714 %2 g7 AYA $ A= leghemoglobin (Lb)
A2, soybean o] A= BE JAASN FEEe) 2S5 TEI Y
R} (Brisson and Verma, 1982; Hydig-Nielsen et al., 1982; Wiborg ez al., 1982).
o] Lb §#HA= Figd o4 B Fi= ulg} o] SOybef;Il 2} o HA Aol Ml F-9oi)
Axstz el W FHo(Lee er al., 1983). Lba locus o] £a3t= Lb $H2=
nodule =] WA WHAZ|IZE dE23:, od noduleﬂ]k]E ILbc3e ==
wEE 4453 noduleclt=  Lbazk F2 @uAolr. o] A& nodule 9
YA TG Lba locus o] &= Lb GHAe] w3 2lo]4] gene switching o]

Yoldrhe A Suitt}. Lbey $AAE Z2hsto] RU% F 212 3hsb3 Rhizobium -2

5 3
Q 5 10 15 20 25
[ 1 I L 1 1 % ¥ N - N
{1} Lba locus Ll 11 ghl 35 5l ST B I |
R/L 8 Y u, G588 R
(2) LbC, locus 377 ¢ Iess ¢ It 951 ¢ Te s¢]
T L] Y R
R/L W Gz 5 s’
(3) LbT, | !
y loeus ] T.L, hid I b T T
T,»
& o7, 1o W e
2 1ocus t gede bhe ¢ J T pnd I
T,s
Fig. 3. Chromosomal arrangement of leghemoglobin genes in soybean. The

EcoRI and HindIIl restriction maps of regions carrying leghemoglobin
sequences were derived from the detailed analysis of lamda clones of these
regions of the chromosome. R and R/L are sequences expressed in root and
root/leaf, respectively, § and S' are two repeat elements [see Lee ef al.
(1983) for more detailsl.
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CALCAT--CACCCT ~CCAAG TATAAR ~~AGTTATTGCATAACTTGCAT GAACAAT ~ATG~  Lbs

CACCCT--CACCCT ---CCAAT---CATAAA ~--AGCTGCTGCTTAACTTGCTTTGAACAAG --ATG~  Rabbit fglabin
c T c

Fig. 4. Positions of the introns in leghemoglobins and globins in relation to
the globin structural units and the presence of two homologous sequences (H
and H) in the 5' region of these gemes. For more details, see Lee and Verma

(1984a).

AGAA HA%, 53 YEQ Lomse] nudule o4 Lbe; $Ax7E wdxQ)

tul(Jensen et al, 1986), o] AL RE FHAZA Lb G d@l§ & 7122

Lb $3AAE Fz¢ 44 ojddudd EFFEe] globin FHAS) 2
FAAE AR glor olF Aol AHH Fd HAloll B At} AW RAei(Lee
and Vern;;sl,- 1984a; Browne al., 1984). Fig.doj vebd ups} 3le] £4-FE 2 globin
$AAE 279 intron & A3tz A= ubd, Lb A= o] & 9)4 intron & s ¢
EUHT Qo] AEe globin $HAT HAHY GeAT 2580, oF FARAE S
flanking S-$lol] §213F of#] sequence F FHHT AT olFo] FAA wH ZHo)
Foisteletxn YzH¥c}k. Soybean ¢} Lba locus ¢ E{FE ] globin locus o4
fAAL] adAHE vRRE [HE o]F Aolg fA44e] W= AH(FigS). T

globin locus efjx)¢} Z+e] Lba locus olA4]% pscudogene & F4He® o2 7|1%&
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Fig. 5. Comparison of the organization of the leghemoglobin main locus with
representative mammalian globin gene loci. The genes have been aligned for
comparison. The direction of transcription is left to right and the scale is in
kb.

ok AR FHel EAMSGR Yo, ol o] AEF FHe globin $ARA
TZS G4 Ade mddudy A4S 2R AdE 44 o]E §ARI
te T5 49 44 FAANA FAg e AE AR

A1g-¢] globin A= =¥ kidney bean (Lee and Verma, 1984 b) 3} n|%3}
AERA Rhizobium 3 F 4ol o4 root nodule & FH4olm ALTHL Yo}
Parasponia(Landsmann et al., 1986) A= Z&==d 3709 intron o] 2l&)
soybean f7gt 2 R4 vhdelx o] olE ilolo)] AKRY FA/ A}

] +] o
23Es L5+ A

e

Lb 43z % ohde o2 nodulin $HR 9 FHLEeA 2230
45 9t. Soybean ¢ N-24 = Ezgke] 24 KD e¢]n root nodule AE¢
peribacte ‘r_oid membrane & FA# 3 (Katinakis and Verma, 1985), N-35 = ureide
o) A} o]] S‘l}oc}-;]--:c'-%uncase deo]l vy A }(Nguyen er al., 1985). 13}, N-23
(Mauro et al., 1985), =z#]x N-22 ¢ N-20(Sandal ez al., 1987) ¢ 7|5& o}

¢ A et Nodulin §HAE nodule o waksgoly As ZE A7ol
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Fig. 6. General structure of four soybean genes induced in either

infected or uninfected cells of nodules during symbiotic nitrogen fixation. The
black areas indicate coding regions, hatched areas are introns, and open
areas are non-translated regions of mRNA. Arrows A, B and C indicate
consensus sequences potentially involved in regulation of these genes (Mauro
et al., 1983).

o] SESEE L el o8 ZEAGm YA, o]F $UA o 5
flanking F-#ol4] nodulin $A 2] =" Tod3leetn FFH=E sequence 7}
WAL e} (Fig.6; Mauro et al., 1985). ¥, kidney bean ofj4] glutamine

synthetase -§HA7L F&¥|o] F271 W] H o} (Gebhardt er al., 1986).

3. A

Age] AFENREe JFHezy AAdez Fow ¥ ol olFe]
dgeg EAsE FAt A4 2L ARTBAA AR 2AFo| 4 LYY
HHZE) S APl FL oide] Hoh [ RS FAG AAH FE
A7 Rl o HHHo] wolHAHd 4 Fasle] HHH FL HeoF ALHT

w2 2 2] 1E9] 4 a4 Aol v} waterol] & albumin, salt of] = globulin, alcohol



o] %3 prolamin 3} 4oy ¢ste] § o) Hi= glutelin o] 4FF 2 2A ¥lo] F).
Fie Tl AFIYA{FARE 8 familyg stz 24 family & =3

258 FARE FAEH] Ak AAGWEL AFA=E endoplasmic reticulum of] 4

A=A, o2 HYS AR I o] he] protein bodyoll A4 H ch(Higgins, 1984).

Tl $£2 AR AL salt o} & 4= 2l globulin & & glycosyla tion =e]
RE TS 4 agA ge 118 AR UHe] An, I g HEBJPHE ZL
il S e FHAE ol Aol ¥2 FFAYE Ho &b Soybean £
FAAE F Fire] F8 A Pe] EAstEd 118 = glycinin, 78 & conglycinin
olZx &89, o]& 2 d trypsin inhibitor ¢} lectin o] AggF Eafeli Uk W
glycinin 2] 3 §-AzxH(Marco et al., 1984)9} B-conglycinin ¢ ¥ § 4 (Schuler er
al., 1982) ¢ Fz7F ¢#A e, lectin $HAe 25 #sl# 2 (Vodkin et
al., 1983). B- conglycining A= =49 petunia®) embryo ofl 5k w4} o 4]
Lt =] F45 = o] W vk (Beachy er al., 1985).

French bean ¢] 7S gz phaseolin. o] Eeln ofy] FAAE FollA] s}
FA48 P22 8 Redi(Slightom er al, 1983), o] §AAL soybean o PB-
conglycinin A2t} o}r) i Ab4 Goll A 21k ol DNA A o] A% 433 5248
Kol Fvk(Doyle er al, 1986). Peaol A& vicilin, convicilin®} legumineg] 3% 5o
F8 Ay He] sz, 11S ¢l legumin o] §AHR 7} &3 9vh(Lycett er al,
1984; 1985).

e AZENEL AdNE gene family of S& LT sle] YT plREol
alcoholel] 5+ prolamin o] %4%v}. Wheat o= gliadin 3 glutenin 9] % family 7}
st gliadin g YdF}E A $AAZ FAH ¥ $ARA
&= QM (Anderson er al., 1984). Glutenin & wheat & uf4oj _%Zl]ﬁ'}--“-:- a2

TAXN Mg WD T F lEe] 10% F AAeo] ol g Ho 7 Exs

30—



peptide repeatz FA4s]o] v}(Sugiyama et al., 1985). Barley o A= sulfur 7}
ol #4¥ B-hordein #} sulfur 7} H-& C-hordein o] &2 AJuAs] 95% =
AR ol AE FHAHES #AN=z Yo FE KAUA o4 ARGz

¥ (Forde er al., 1985a; 1985b). Maize o AAgWE & zein o]tz
e Feprcdge] 80% & AA@rh Zein & o class & g 4 Y
Zhzbe g 10 - 15 A fAR e o FE=o] lom oF FoA 19Kd s
7Kd o] Bujmo] ZBE o)2m 91w (Petersen.er al, 1982), sunflower off % 9 so]
= el (Goldsbrough et al., 1986). FF oA AgYRL Held peptide

rcpeat 7} o] WhE-H o 2 E|st ) (Table 1).

Table 1. Peptide repeats in cereal storage proteins

maize glutelin Pro-Pro-Pro-Val-His-Leu

wheat glutenin Pro-Gln-GIn-Pro-Gly-Gln

wheat glyadin polyglutamine

barley horden Pro-Gln-Gln-Pro-Phe-Pro-Gln-Gln
maize zein GIn-Gln-Leu-Leu-Pro-Asn

T 7 9= potato tuberel] ExfetE A<l patatin &} FAHAI}

FEEo] F27b g3 M (Rosahler al., 1986; Bevan er al., 1986).

4. 799 ATl R WS

AEe) A4H 43 BB AN HEolA 4] AT +EFS YarE
gk oFlNE AEel med W4 AT, zdn 4He Jgs vS o



o EZHE AEAMNE BEe] A $HsE RFAASO o] AT A {o

HEEe] HES F99 257 2o HE ) o2y A4S BRI 93t
o FF4Y YRS FAUG. I2ASE S ol 5ol el fES:
)28 heat shock protein (hsp)elglm R 23d hsprl F4sE Ao
#H &% Drosophila oA [AERI, AE A= pea(Bamett er al., 1980),
tobacco(Altschuler and Mascarephas, 1982), tomato(Sharf and Nover, 1982),
maize(Rochester er al., 1986)¢} soybean(Keyet al., 1981 ; Schoffl er al., 1984;
Czarneckaet al., 1985)ol4] d¢=%dc}. hsp & ExFo] we} 68 - 104Kd ¢
Ay, 20 - 33Kde} FduE, 2elx 15 - 18Kd & &3 g e 4 group o2
vxle]A] o) 52 5 AT 8l F5skA w@HA). o]F 4 group Fojj4 15
S18Kd ¢ hspt AEAAT EAehz ReE ¢aiA Atk ok hep of AR
7% EEA dste W Mo s XA 2R oA ol Y] T wiew
Gt Aoy FEH.

ol@] AEFo]4 sobean 2] hsp 18 $H=A (Shoffl er al.. 1984)8} hsp 17.5
f A A (Czarnecka et al., 1985)7]:, maizee] hsp 70 84z (Rochester.eral., 1986)7}
FEHY 1E9] d71M4de] A= R, maize 9] hsp 70 §A A= Drosophila £
bsp 70 fdzsk H7INLA 70% o RS ZAsn Q. AEe 2E hsp
$#H2= TATA box(Breathnach and Chambon, 1981) $Jo| Drosphila 9]
FAA A ol 2o FAHALH BoddlE heat shock consesus regulatory
clement(CT-GAA--TTC-AG) o) §4}% sequence® X3 83 3 (Fig.7). ol%

Drosophila] hsp 70 4AAE Z2shod tobacco o] £ YdH-2 W] Lo o o]



Position Soyhean hs6871 Homology

- 276 CorGAAACTTGEAGE 90%
- 245 CcaGAAtgTTECtGa 70%
- 234 CTgaAAgtTTCagaa 70L
- 225 tcaGAAaaTTCtAGE 801
- 173 CaaGgActTTCtcGa 70%
- 1613 CTcGARagTaCtAta BO%

Proposed Soybean hsbB871 Promoter

5'..CAAGGACTTTCTCGAAAGTACTATA. . .17bp.. . TTTAAATA. .. 20bp. ..

e *
doublet of overlapping TATA-box . mRNA
'hg consensus wromoter elements’ start
Fig. 7. DNA sequences of heat-shok promoter elements upstream from
soybean hs6871. Homology of potential soybean elements refers to the

symmetrical consensus sequence (underlined) of Drosophilla hs genes (Schoffl
et al., 1984).
O
SAAe] wale] $EH AL FEI AZ oA heat shock uh-go] L 717l £

%5 ¥} AL 2|ngh}(Spena and schell, 1987).

2) N4 As

AZe WrNAYE ARAYY e Egae] opie] FAY Hirh dolrdd
w71l A whEo] A wulde TS FA: deHes MEL G 2
Bado] Az o]AL Fol U@ AES sBad wEef ARG A&
&7)4 o) B¥ dFE maize o alcohol dehydrogenase (ADH) system &
Az F2 49 Maizeo)= Adhl 3 Adh2 o) & §HA Exsh] olE 2
A7l 82% o FRAS sz Yrk(Dennis er al., 1984; 1985). ADH

g AL dimer & 75 #shn] homodimer 1} heterodimer 1} 2% #A45 Az
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Fig. 8. Comparison of exon/intron structure of Arabidopsis adh and maize
adh genes. Boxes represent relative lengths and positions of cxons; shaded
portions designate protein-coding regions of exons. Solid lines represent
relative positions of introns that are at identical positions in all three genes
with respect to the protein sequence; the number below each line gives the
length of the intron in nucleotides. Dashed lines connect homologous exons.

2t} Arabidopsis o)A ADH §HAE $h}9 copy & EAst coding 914
maize 2] Adhl 3} 73%, Adh2 4= 72% 9] $RAL B F}(Chang and
Meyerowitz, 1986). L2}, Fig.8 oll4] RoiF ulg} Ze] intron & AZ 2§l

Arabidopsis 4 A Ao A 37 ¢] intron o] ¥ Hog AHAH Ao FH5¥}.

3) 44

Ag2 ggFol} #Fe TN d@sd gnd A¥AS viebdd 4E9
454 AWEes A=A fungusdl W FHEEYU  phytoalexin o 44,
hydroxyproline-rich glycoprotein (HRGP), lignin 2] EZe]1} phenol 3%z 9
ANEY MEH ] M, FteRaELe] S, YA HEL A THRE
xo] glth(Sequeira, 1983). HRGP ¢ wliA¥ a4 A 42 <4
o] fEHE AR d3A A

315 A &= extensin, arabinogalactan 3} 7}x]#2] lectin 2] o= A H57£]

HRGP 7} &a§3] o] Zol)4] extensin o sl %2 77} ¥4 Rr}. Extensin 2



AR g2 AEH dFez EAsni ER oA A2 Golgi apparatus o] 4
glycosylation & -2 ¥ MiEvter Fulse] §-843 v} Extensin 2 A2 EY
T T2 8-S b ofeby] YA P [oi3t gz F#F Y. EY, extensin
2 AAEt dYdge] A4S $E B9 Mo FHe] dejinz AE9
ol A2 Fejdrti Yz}, Carrot o4 extensin FH#4E= 3’2 noncoding

Bolo &}e] intron & ZHE# Ser-Pro-Pro -Pro ¢ peptide 71 25¥o}

ol

1E=lo] 3 o] peptide of4] proline & hydroxylation o] £e}(Chen and
Varner, 1985).

Tomato 1} potato ¢ glell £Fol el 7AYoz AHE FRE Wl AE
U LollA 9k ol A2 AEAL FAE YA 42 delME P ENEL
#71Ql inhibitor I 3 II ¢ #¥o] <ol vl Axol &3 inhibitor el
FAFEE A4 fE=e] ERAE St olFe YR ERHAL
A e FEUAPIOF) ol 23] dolndetz €24 . POF 9o B4 A=
222 DP(Degree of Polymerization) 7} 2 - 6 ¢l oligosaccharide 2A] &5
Hylslo] sZ7 w3 Ad(Bishop er al., 1984). Inhibitor I 3 I AL
chymotrypsin o]} trypsin 3} -2 serine endopeptidase 9] 7]%52 A3}, wehA
EHo] AEL TAY o ol T FHte g o] JYE FEAA AlE
¥ s AEo] oAl o ¥3}e & inhibitor B Re] PV IAZ}. WA
tomato oJ|4] inhibitor I $#a(Lee er al., 1986)s} potato ofj4] inhibitor II A=}
(Keilet al., 1986)7F #Z35j0] =71 #3 H. Tomato #f inhibitor I §HdAE
2709 intron ol 9js] J¥ojx gl:, pre-proprotein o2 FA¥e] HYS A
mature protein ¢] %X central vacuole of o]F3dte] =45, o] §AHAL Y
flanking ® o= TATA ¢ CAAT box $jof] Aol &3 ZEHo Fejstelz

o] AAL ¢ 100 bp ¢ sequence 7} 2 uHEz]e] e}, Potato ¢ inhibitor IT &



proprotein .2 A= 1s]¢ intron o <& oA 3z inhibitor I
$ AR E=coding BHoA #4k ol 5 3 3 o FWHol AR #FE w3
%24% Ad sequence & A=A gtk WA o|s} o] Fol¥ F HHAI}

A GA 2 7] Fell Hall o] ZEHEAE A b

5. 4844749 54

A P& o7 AR AL E vz Fo2A WAt )52 A%} 1%
LA 2] o)l HeiR ZoF Y7hE= signal sequence § AAE 5 2 k. FE
ASoll EAAEEEN A7t AEol nld 2 ARERAT] ool ®Hop @2
FAAL FEs] FE7 §EA A3 wWE signal sequence Fo] d#A Ut
o]7jAe FEFAANA wdsle] LHXHo] FBAY Aoz FAH=E sequence 7}
AR EMsH7HE AR} et

1) Intervening Sequences

e AYEe] fHAS} Fe] uiREe AERFHAE intervening sequence
of ¢&] coding ¥917} JHel4d e intervening sequence = A GT =
Al Fste] AG 2 ZydoH(Brown, 1986). Fungus W} $82] §3 7] splicing 774 o)) 4]
lariat form o] ¥AIs)E= branch point sequence = AE-FHA oA wlE
AxolA A= (Table ). o]s} o] RE AYPEFHAZLS exon 3} intron
9] junction of] ZEx3l= 27 9] nucleotide ¢ branch point sequen ce 7} H&EH A2
u] 5% splicing 7)ol 4l intron o] MAHrh= AL A Fr}.

HERANA intron & S FEFHAC wH doidez Ao AE9



Table 2. Comparison of splice junction and possible branch sequences
between plant and animal introns

exon/intron bi"anching point intron/exon
C
plant AG/GTAAGT TTC T TTTT
A PuPuTTPuAPy TTTPUTTPuPuPuPuTGCAG/G
. C A T
animal TAG/GTGAGT CTPuAPYy (C) 11TNCAG/G

Ao §ARE «lE 5 maize 9 zein §AA el intron o] Ex2f &4 gk
French bean €] phaseolin $# = 5709 intron -2 ZFAslx 1+ wojl chicken £
ovalbumin € M z}= 7719 intron &, a3 vitellogenin A 2= 3374 2] intron &

Az 9
2) Poly(A) M7 E

AEHA AFH g FE5AAE poly(A) tail 2¥e % 10 - 33 base
9B Qo] 9% AATAAA sequence 8§ 73 st Utk o] sequence = polyadeny
lation o] Lojubx] k& histone FAANAE WA=A] ghkst, o] sequence F
AAN7I AL HEA7IE 3 o] Bk dFe] 493 Zradd. AATAAA sequence
= poly(A) tail & Hrlel F& AXE 2 F& 8L Pz e

HEFAARANE o]} FZ poly(A) A H1E7 EASATT FE/dte wla

chokgt yep 2 Z2) 3 ck(Heidecker and Messing, 1986).
3) ATG initiation codon

ZA% nE AE S HAE initiation codon 22 ATG 2 A& 99s o



coden 744 §444E vEh) #32 Urh(Fig).

4) TATA box

A9 Aol F3% q#e € oz Y7 sequence FollA] JHA & 42
sequence 7} TATA box (TATAAA) o]d}. o] sequence =in vitros} in vivo AFe] ol 4]
AP ERAAT AHE AAA AAHES . G2 A9y Zoag
PP E AR YRS g §HAE RNA polymerase IT o) <]
AAE ez TATA box & ZHF&ar . TATA box & AAAIRAH (cap site)
©.25¥ o 30bp gt EAEEI(Fig9) ol TEFAANA AP An FA4%
A2 AE AN E TATA box = AJAFHE AN &) F= 82 Yo

A& Al &t

5) CAAT box

52 §AANN AAZEe] Foloks G2 sequence 2 GG(C/T)CAATCT -2
CAAT box 7} @¢#jA 9ir}. o] sequence &= cap site ZXE] oF 80 bp Yol
Zajsbn] rabbit ¢ {beta)-globin $HAE in vivo Aejel ) CCAAT & AARL w)
H A4 o] @A 3] 7 =] cH(Grosueld et al., 1982).

A% Be GAANN FESAANMAG o] Al CAAT box 7 ¥
Qo e ofd $AURE o Rl e PEZ FAYL Mol Fw cap site
e Asx 24A fr(Fig9). olF AR shed Messing er al. (1983) &
AZ g AR EE% AGGA box & ALY (G/T)NG 9 A nucleo tide 5]

adenine & ¥H3t Y& AGGA box (C/TA, s GTNGA, ; hC/TC/T)E 3



1861 ‘UDQUEYS PUE YdBUIITIIg

£L44 X

991¥20¥20 ddadvh —o-bybve-o Lotvaien
LOODI¥RITYNR R rpeise) ¥vaD

SNSUBsSUO> TEWTUE

snsuasuco Jueyd

9861 frT® 32 TSy

GEET '"TT 33 %]

SRET TIsWIEy PUE UIY)

9BET 'C1® 38 J81saydoy
PRSI “TT 318 13lo0Uog

S86T *°T® 1% EYIUWIEZ)
98T 'zaTmolsdey pus Bueyp
SEET ©'T® 3@ stuueq

86T '"T® 22 STUUIQ
ZBET *TIT 38 Tuesoy
76T '"T® 1@ uasialed
S86F ‘TTE 19 aplog
5851 “*T® 3% rweATdng
86T '°T® 38 wosIapuy
€881 'T1F 18 @OIYETIS
PE6T “TFE 32 218249
S§ET T'TE 18 usdndy

56T 1B 12 oaney

Z86T "BLII, PUE UGSSTIE
9861 °TE® 29 uo1delg
9861 FTTE 18 Ialrvinen
TEET 'slolused)
O86T '°T® 18 UITISEOOUERIY
9861 TR 13 Isum)

98T ‘*1¥ 3% Jsam)

9861 'TE® 2@ uUasynog

9FET ‘TR 13 Iyni4

oRsl ' TE 38 IynTg

tg6T "TTE 1% TTIRIO)

St UTSEDURISFRET "ttt "IIEAS UOTI®RTSUBI]" """

LLILVBRIYDLYODLY == (95} -~ J3WDLLDLOVIWOVI~~ {01 ) -~ 00WIVVYLWLIIOLLLD-~ {Z9) = -¥A¥VLLY L¥¥YDiv.LL
Y2LOVIOLYIVYY -- (12) -~ LVVDLOVDLLYYYON L-- (£ T} --DLLIV¥WAVLOD0LLL -~ (62) -~ ¥LOIVLIOVIOVIOVIY
WOVYODDLYIVYRLOY -~ [££) ~-¥OVIWRLIYIOVYYOLL~~ (£ 1) - -VOVLY¥YLYADOOWY D -~ (S2) - -¥W¥ILIVLIVOOOWLD
VIOV YYD - - (€6}~ ~DIIDLIA0OLIIILOL - - (ST) ~~LIOWYVWINYDLIILD- - (§L) ~~D000¥VLIIIYYII0 Y
DLILILBLYFYYOYOY -~ (BE) ~~¥ILYDVIWSWYOLLID -~ (6 ) ~-¥YII¥VWLLLLYILYYI--{0§) -~ 2090¥ A0V ¥OroLLLL
SLILILOLY YYD =~ (8£) ~-OV¥YILIDLIILOLL -~ (21} -~ DOVI¥WYLLLIDLLIY -~ (857 -~ ¥¥¥VIDLIN¥YIOWYD
JOWLILOLYVIVDLLY -~ (¢} =~ DYOLYIVALOLLLIOL -~ (2T) = ~000 LYY LYIVLIIOLD- - (55} - -¥10vIvvvIvwiLllly
DIWIIDVYODYYID-~ {ETT} -LOWYIOYOLIDLLOLL - - (ST) ~~¥IYLVLWIVLOVISWL -~ (SZ) -~ L1DJL10D09vIDLED
D0¥DI0DLYVYDOD099-~ (S8}~ ~D0ILIEVILIZOVIVO -~ (61 ) ~~D¥IIVVYRLVIVLIOVID--{ 6 ) ~- IDD¥I000WYYI0090
LOWYIDDLVVWYIDLD -~ (T5) --DYIOVYYILLOLVAYL-~ (8 }=-30¥1VIVIYLOVOLOD-- (68} =~0LL% LLLL W WIELYD
J9OVIDOLVYLYYIOY - (71 - -DVIODLYLVAYYLIDOY-- (6 ) *-DIVi¥YVIVIOLOIYD-- (§0} =~1OLILvDLOIVIOVLIY
JOVIVYRLYIOVIOLY=-- (86} - S¥VIVOLYDLLYOY Y -~ { D1) = ~DO¥LYYYLYLOVIN00-~{20) -~ LYWW LIS LLYYDY vy
D99YDILYOVIIOND -~ ( #F) -- DOOVDIVILVLLOLYY -~ { FT) = -¥¥Iv¥¥VLY1000L30~- { §9) -- 1OLISILLI¥900vYD
JDVIVYOLYIIWIOLY -~ (#€) --¥OLILIVIIVIDIYIL =~ ( SZ} ~~DOVL¥¥vlrIIvYD00 -~ (21} --0¥vy0 1o LI¥Yo00LY
YOWDLVOLVLIVLIL - - {#9) - ~DOLVILYILLIILLOY~= (£ 1) ~~JD¥AYYWAY LODWLYY - - (62} ~-DivD0I0L¥yvIoa0L
OVELIDOIYILLILTL -~ (6T} == ¥¥I¥DLYDOIOLILLO -~ ($1) -~ DVLLYY¥VES LOLD LI =~ {8€) --¥D¥Y2LILIVY DL
SVILIDILYOVYYYDD =~ (0§} -- LLOYIVVYILOMYYWED~~ (T} --D0¥L¥eyIvLvIvIvD--{05) - ¥y Logl vy I Lyvy
FYVOYOOLYVLIVVIO -~ (§5) ~~DLVIVIVVIYLIOVOLY =~ (6 }--DLL¥VWYIVLLOLLLL-- (2} --VLLLI1LLIVVIVLID
LIDLOD0LYIVYYOVY -~ [S€) -~ JOLLOVYIYIOLIOLL -~ (+ T ~=DWLYWWIVAYLILLY -~ (09) -~ 3OVI1¥ILE ¥VvIIvIY
10¥YDOSIYOVLLSDS-- (99} -~ ¥YVOVDOVLYLYYIOY -~ (0T) =~ DDVIVIVIVEYILLLL-- (Z5) ~~¥aLOv¥SaI vy DILYY
200020LWYILLLOY -~ (SE} =~ YIIDLONIIVYLLITO-- (51} =~ DOLVYEVIVIIOOLYL-- (0b) - ~L¥WOIvYO LV I0LYY
¥DD009LYIIVIVLY -~ (#5) ~~DLLVDIVILYWWYIYL- (6 ) --¥OVLVWWiYLIYIOLD-- (£ 2} =-¥.LYIDOVLIVYYIDLOL
2011009y ¥ oY YE=- {#{) -~ DDOLOIVLYIOLIVOY-- [ TT) ~ ~¥¥ IOV IVIYLY LIV~ (5] --¥DILO003 LYY IOvYD
S0LLIT9LIYYIONLLL-~{ZS) - =DIVYLVYILYDVIVIO-- (9 ) -~OYWOVIVI¥IVLIVIV--(29) -~PVIvL1a91¥yI0 LYY
J0LLD0OIVIIVYEIL-= (6] ~-¥OIDL VDLV YYDV =~ (£ 1) -~DOOOWYYIVIVLLIYOL -~ (29} - - LT LLO0LYY LYY
JDLLISOLVYIVYLLY == (09) -~ LOLYDIVDWLYIOLYD -~ (0T} -- LOVOVIVIVAYLIVOL- - (§5) -~ L3OV LL0L ¥y LNy
20LLIDDLVYIVY -—~-~ (0 3----DWVIVLIVYLI0YY -~ (ZT) - ~VIDOVIVLIVLYLIVDv-~ {17) -~ LV IXIDDLLYIIVYD
LOLID9SIVYYYYOYa--{{ }--L¥ILLVYDDLLLINY -~ (D) -~ YYIOVLYIVIVLLYIY -- (62} - -O¥¥LIVIVYIv¥IOV19
LOLLDDOLYYWYWYOY -- (0Z) - ~¥YOLI¥WIDLLLDOVY -~ {01} ~=¥¥IOWyy iYLV LEVIY -~ (95} -~ ¥V DOvLOWYII0aL
T+

TTTTELIE GEDTUretertrreeXQg WLYLC e eteec- reresiaixOg Lyy)e -

I] 103TqTIYuT olezed
1 IolIgyul olEWwcl
UTSU2IXE I0LIED
¢rdsy srTRW
e prdsy
¢ ;1dsy ucagdos
ypE STSOOPTgRIY
aure
TYPE @ITmL
utieied oavaod
UT3I #TTREC
uTapiou-g Aajaeq
ETus1ngs
UIpCTIE 1BAYM
uttosseyd snioaseqg
utwmds] ead
SN
LEN
mUnq ueaqios

qed> eTuniad

gED SISOOPIQELY
qua pad
5aq2 uzaglos
1inss

RS5 §og1 BTUR2d
saq1 0 %

ae

Yt
53 5241 ead

......... auey sk

Comparison of potential regulatory sequences observed at the 5'

9.
ing regions o

Fig.

1stance

theses are the d

m paren

regulatory

The numbers

potential

f plant genes.
sequences are listed at the bottom of the figure.

between

flank:

Consensus

Tegions.

these

pairs

base

in

__39__



F 37l A cap site2HE 70 - 80 bp SHF-Hdl EAT Nert AR FAA
AR o}F ur). Pea 9] rbeS G AR CAAT box st AGGA boxE E sz
RE FAE AANRE AR AAeFe]l waka ggt=d(Morelli ef al., 1985)
o] AH4-Z o]E sequence 7} petunia ] callus o4 rbcS G 2o Wil 27 H A

g A4S gnse A

6) Enhancers
FEFAAA TATA ¢ CAAT box 9 2 promoter element £jo] #2}19)
TE& ol enhancer 7} Q4= i}, Enhancer & promoter element 9+ i)

Wgke] BAgle] | AAMY 3 BRIAdME JeE Paw SV $AR%
immunoglobulin ¢ A4 o4 HAsAG. FEFFAA enhancer 9 Zre] =g
o} sequence 7} pea ¢ rbeS ¢ AA(Fluhr er al., 1986)9} cab 4 A=} (Simpson et
al., 1986) oA LA=QA}. olF sequence = ko] FAIRle] Yol 2 =
Bojsls Ao 2 d# A

7) S4E $AA ] vl

Aed vt o] FEFUASG AERAAE 2oz A3 FAREE FEH
&4 AAEzEH} RNA processing o] §AH 71 %ol 2)a) P42 A olgtx o4
+ Ak a#u, §42 243 gdY 27] AFAAE olE Aol W ol E
MejZm glr}. Chicken & e -actin $AAE tobacco MEo] ZUNLEL o)
R pkgten ovalbumin §HZRE FAL7} chicken oA gk 2 oA Uojr}x]

ekskrh(Koncez et al., 1984). ¥% human growth hormone (hGH) $HA-E tobacco



¢} sunflower o] A] WHAIZ-S w) hGH §34 2 41¢] promoterz = #HAbE]x] ¢kgbz
AER722] promoterg A&dte] AALE FEPE WiE RNA splicing o] &3
272 fojubA] eiskx poly(A) o HAE Hale] f2elA Lojrb] ghgtel (Barta er
al., 1986; Hunt et al., 1987). o]$} e ZF}: Holx oW L $4a= RNA
splicing # poly(A) 27} 41Z7} A8 fAAY d2de AL v,

ARG AL ALAES FAANHNE o] Ao]7t B2 e}, Kidney bean
9| phaseolin G AA(Sengupta-Gopala er al., 1985)¢} soybean o] °’82
coconglycinin §#AH(Chen er al, 1986)2 #A1¢]41E4<l sunflower $ tobacco
A FAs) HANANN HEE utde] ZEmRY. EH BAUAE ¢l wheat
2] cab §# A7} tobacco oflA] A3 AAEP T (Lamppa et al., 1985) maize | £
zein {SAAR sunﬂo-wer olx] HAs] Td=dd (Goldsbrough er al., 1986).
olF #HAE RF intron & A3 A ¥k 2, HIZo) FAFGAEANA
ARG AE e FHAe] A% intron MA H poly(A) HA ¥ x&He=
doli}A] ghso] Bus)j(Keith and Chua, 1986). Wheat ¢ 1beS $HAE
tobacco o] 35S vl A<219 promoter of 2] FH =2 gkgtE B3t ol CaMV
2] 35S promoter o] dZAdte] WHE FE3}HS Wk intron & AV} vjEEHe
doita poly(A) M7= Hal o XA #uk ofye} b g7 SToiA gojltch
o] A}AL pea ¢ rbeS $HA7 tobacco oA FHHI] aExm AgHer HAH
Az WzHed o GAHAEHN HAdAEA RNA processing 3} of 4]
oj§ 5l A&7 a2 & AS ¢A

FEFAANL dAGAES §HAE ARAGAEANA GHAZ ot H7] il
ol dubrel HEL FEY Ft AT FANEYS T FEH ¥RARS
AslA+ genomic clone & AH&shs oh4lel]l cDNA ¢ &3 AEolA 2@==

promoter $ poly(A) M/AHAZE Agsick #n] =W Mo B wAZE VY

_.4]._



AF7 FHE Ha4e] U

Z2 <=

SATHY 71EL oSl $EFAAE FEHT BAEFol Eehod HHA
egH EFS A A% dFE TSR WAL feu} AR AE A4
doning § $A%4e] +E WA gk 1 ol$F Bl shie ST 2ol
Raeel $HAZ 23a7] A% pobe A 4 + Yr F2 $EARN
gEste  wgel  e4EdHA  RY aEed.  wad  fa%R,
2AYTRR, AANA,  ARAATH FITUZE FHH HE%e s2Ae
N454e] olFolAR o A4S olgHed $HAe doning o] e
448G, $AA 2EAAGT HE SAFEYel A% AFZ APl olE37]
daAE SAA SRR, HARE AYHE 29 U Bl B F=
AXNEH 5 we AEAY EA s7Fe] Aysieler ¥ HEHURS
GREES A7l g B J1EE FAARUIEE oY FAEL A4
AZY DNA o A% $AA4TUatiol Aol 22 o8 458 AL ol WA
Ak Fo Rew EUxEE FUAIY AT 4 Fekm Qe
4EgARS 24 A8 A s o AZe PEE P9
AetonA HEs EEATN e 4 drkm 42t
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