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Regulation of Gene Expression in Higher Plant

Sim, Woong-Seop
(Dept. of Biology, Korea University, Seoul)

Abstract

The regulatory mechanisms of gene expression in higher plant were not
ascertained in detail because the genome size is very large and complex. However,
the above-mentioned study is remarkably progressed in parallel with development
of DNA. recombinant technology and plant vector system. Some research results
connected with the mechanisms could be sutnmarized as follows.

1. Many plant genes including chloroplast genes are cloned.

2. The structures of some regulatory regions of gene expression are

determined, and it is confirmed that new regulatory units are made by

transposable elements.

3. Plant gene expression is regulated not only at transcriptional level

but also at translational level.

4. The factors that regulate plant gene expression could be divided as two
categorys. One is endogenous elements including the structural change of
chromatin during development stage and tissue differentiation. The other is
cnvironmental stimulations such as air, water, heat, salts and light. However, some
sufficient research-aid fund is essential in order to study the rcgulatory
mechanisms of gene expression more systematically.
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Fig. 1. Structure and expression of nuclear-encoded plant genes.
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Fig. 2. Schematic presentation of the structures of 15 split genes found in
tobacce chloroplast DNA. Filled boxes indicate exons and open boxes intron.
Numerals above boxes are bp. Dotted boxes in rpsl2 show transons.
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A R FARe, o 37 e Jsel @A RA 2 ORF 2 @y e}
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1549 split geness] FEE Mul, 2¥2 ol BEel 247 AL o A7y
intronsg 7FA 2 Q&) o5 FENIY HVINEH aFe] BAY 5 A e
2AFZE V|32 M W3 ol BEo] 374 2o E IAA EFWY. 2EIL
trnl intronz} 7ol 24FEEF o] # eow SUTRE AATZ AF=HE Aoz,
A F0E tmAS) tralg) o] 5'2FE TIGE AF=® QA 24725 4% + A&

Aoy, AZIM & 524 GTGYGRYYYRE gz 3ag
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rr

]
RYCNAYY(Y)YNAYS 7HA& Aolth. &4 72 44459 5SLdol A
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zde] eZlNge A9 FF SHAY EFol  BAIgle] okF  mlsHT
25w, 1bel $AA(ribulose-1,5-bisphosphate carboxylase £} large subunit
gene)d] 5 AQe #AGAE (NFA, P, Evte zEz: $5)3 dAGH4E

(S, &, Hel) 2holo) 80% ol4e] 4% A& Holeo, psbA (PSI32Kd protein)

psbA TTGGTTGACACGGGCATATAAGGCATGTTATACTGTTGAATAA
€ovean.l8 bp..... >

trnM2 ATTCTTGCTTATATATAATATTTGATTTATAATCAATCTATGG
Cevnnns 17 bp....>

rbcL TGGGTTGCGCCATATATATGAAAGAGTATACAATAATGATGGA
Connuns 18 bp..... >

atpB AGTCTTGACAGTGGTATATGTTGTATATGTATATCCTAGATGT

Vel cC
TTGACA......... Tataaanes TATAAT
TT

Fig, 4. Comparison of spinach chloroplast promoter regions. The 5' region
which flank the transcription initiation sites(") are compared for conserved
sequence elements. The function of the underiinded DNA sequences as
promoter elements has been verified in chloroplast transcription extracts.
The boitom line shows the prokaryotic consensus -35 and -10 promoter
elements with modifications in the chloroplast DNA sequences.
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okon], o] HAU=e 5 upstream regiono} L= Al ZAH B: walA A
% 4Aol.

2) Transposable elements (TEs)o)] #] & regulatory units2) 2%

AEolE od2i7tAl 79 TEs7F QAed, ol&2 F7/A 558 £A& 7X=z
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wtdeo g A Qvis A (Cind & FAA XA goh)at G s AF, 27
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o] fHAFe] shtd S5 al §HANR transposition Hed Foizka L
FAAS THE AAE7] Wl LA A S L AL ASEFEA
e a2¥d o)l @EESY 4L #x: U= 8 & sjoll, o}F =EI)E=
s2gk o] A}y W (al-mlejel W) FAGY (al-m2)o] Yehizle .
ol% al-ml3} al-m2 EdHoldl= 1 Edde] ¥He] vy IFAA HA=Y,
7AS-ol wetAe albmle 54 wiekel B2 §44H2 2 g2 dew, alm2e
FA4 2 wigAe] Mo} A% HH §49 Wo] AL Y2 HIHVIE o} o]
42 Enel |§ sequences deletion ¥ 3 FHE RES JA4He g ol U A2
2 deletion §EA47} al-FAANE] Mz € REeld FHSea o), AR

%L FlAle 2AF&A Ene] Aol §1& wli: deletion Ene] excision 53] $£3}7)
W&o al-mlz} al-m2 o] nhR A%}, 384 Enol Aol oA s
al-+AAZ¥E ZAE Enc) excision =7 dfo] oA U5 G5 He YUz
gat= Aol olgEE V4E FAFHex & Wit al-mld} almels &4

Ene] 4% o] olate] 18] 7)%5e] ZE5E Q22 regulatory unit7} sEEo]# Aojc.
3) AAEZo A FHALYE ZHGE 9Ha
(1) Z7ell &% =3

$AA4 UHE AL ZHSE M2 A2 AR AR, E 2o
371, €5 9 Wl % Axs] ZFPLE A#HERD. 45 H(seedling)s]
wmalg RaAa A Al Mxe EFLE #7)EFAA LERE FBE
ethanole] #dzch. = MEW Al Yo TS Fa=Ey, F 20744
N2 ZA2A A (anaerobic proteins or ANPs)e) ¢4o] SEfH. ofE

20712 G AZ 7)o gz AL ADHIlil ADH2, pyruvate decarboxylase,
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glucose phosphate isomerase, aldorase @]t sucrose synthase-1 5 & @i} ol
Hojati= 5744 Hie} o] 574X ANPs G ARE S 719d $Ed4e B, 2gs
o] 7| AANNE FE=L}, o}F coleoptiled] #4e = oj@ Yol A= o} FH ANPsE
FEHQAY ol EF o)Ee HAFE/FE FPa7]) HAsto] o]E F{ AR
5’ upstreame] F2E ZAE A, 5 upstreamol = Fle] AFA o] YT
3hibe "TATA" w25 P8 1llbp Aoz & #pe 8 bpz 744
2 o] Ar}.

Q) L= g =4

AFolA Ago] ol2rtA REHEES dol dsed LY HHH WS
Hold sbgua) BEY 4 Y= H3L, AATo] FolAW HYHA LX) AT
TA8E FAHA SuAs) gHo] ANA WA Fadx, A5 ¥ (heat-
shock protein or HS @#]2)s] 4¥4e) 455 €4 ol Y BuAe
Aol Folut AL Udbdeoz mRNA <& Ae LAY $A=} 4
mRNAS 2] )% o] F43] 7tAa¥7] siFe]n, HS 39 o o] Frlehe A& HSP
SAAZRE A FE50] AATFo] Folx= F HSP mRNAzghe] 4oz
HES7] WEold. T, 95, D, Evte o 445 2T hsps 159
Yo whald o (68-104Kd), % (20-30Kd) 9 4 (15-18Kd)g5 3a2Feo=
TR

HSP $5= 9A% (transient) ¥Aoz4, dz3& o £ hsp mRNA
TAHA = 7% 2 2F5el4g Mol

waloa BAed $AALYY $EFYE THsr] Aste] ADHIz ADH2ef
cDNAZ #tS0] ADH13 ADH2 $#A42Xe mRNA¢ #4482 34% A

sasxe] 5A7F Foll oF S0d) FASKREG, ot ¢lF FRAAZNH HAL
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Aol $55]7] Aste] LAY FFol d YA a Fo] 44 HA ¥
ol &= hsp A #9] HAH= AA =2 hsp mRNAE 25 33 Hd.

A2 9y hsp $AREES FE84 259 d7IAde] WHBEd, S5
hsp70 $A e TG A7IANEL xzale) hsp?0 $ARe] oAt & T0%7}
HEye BYon] Fe hspl8 $AAEE xuele & hsp (22-27Kd)9] A} ofF
SARY. F, S04 4 ojetulEALS e FAHEHYU dAF ZEREH (B AT
zAaA = HSEs)e] 72F B9 "TATA" wx9] o H1 o4 HiTo] xels]
AT $ARe] =BRS (Drosophila heat- shock consensus regulatory clement :

HSEs)el CT-GAA-TTC-AGs 448 €45 2EFAE Az At 53] §9 Gm

Table 1. Compal:ison of soybean and Drosophila sequences: Potential
proximal heat shock promoter or regulatory elements (HSEs)

Source

Reference

(—61) CTeGAALTICGOG / —48)

(—57) CTaGtgtgTgtgha(-44)

(~60) CTeGAAAGTACEAL (~47)
(~62) CTgGAACATACARG (-49)
CTaCGAAACTICtAG
(-62) CTgEAACyTaCact (-49)
(~62) CTgGAACaTaCaRG (~43)
(~65) CTgGARAACACCAG (~52)
(—87) ATYGALECTICAAG (~74}

aTyGACgTTEaRA

(~63) CCaGARLCTICEGY (~50)
(-61) aTgGARACTCERG (—49)

CTgGAAACTCRAG

Droscphila consensus
[rosophila hsp?70
Drumsophila hsp2?

Soybean hs6871
Soybean Grhspl7.5-E
Soybean Grhispl7-BR
Soybean Gmhspl7.5-M
Soybean Grhspl?.6-L
Soybean Gmhspl8.5-V
Soybean Gmhsp22-K

Soybean Gmhsp26-G

Maize HSFIQ
Arebjdopsis HSF70-1

Arabidopsis HSP70-2

Pelham, H. (1985)

Pelham, H. (1982)
Irgolia, T. D,
ard Er A Craliy
{(1981)

Schoffl, F. et al.
(1984)

Czarnecka, E. et
al, (1985}

Nagap, R. T. et al.,
urpubl. data

Nagag, R. T. et al.
(13355 '
Nagao, R. T. et al,
(1985] !
Nagap, R. T. et al.,
unpubi. data

Nagao, R, T. et al.,
unpubl. data

Nagao, R, T. et al.
\mgubi ta '

Czarnecka, E- et al.,
ungbl. data

Rochester, D. E. et
al., (1986)

Somerville, C. et

al., unpubl. data
Somerville, C. et
1. data

1.,

Proximal HSE represents the

Drosophilia consensus

itioned just upstieam of
genes sequernced to data haye multiple
element and often overlappirng HSEs.

ence having the

eatest homolagy to the
the TATA box; most soybean
Es positionad 5' to this proximal
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Fig. 5. Summary of DNAse I fooiprint mapping of the Gmhspl7.5-E
promoter. Nuclear extracts (S-100) were prepared from dark grown
soybean plumules and incubated in vifro with 3' end-labeled DNA restriction
fragments from the 5'-flanking region of the gene and varying
concentrations of DNAse I.

hsp 175-EHS =2 REle] 728 B 2% 5 ojlA BE%o] "TATA" A% S3uo
2T HSESE of @ Zeho] lor), HSP 84S T2mejo) ASE 4 Y& wulgo]

93] 25850 WY = A W HG

(3) ol JF =4

BEAe) BHY W2 fUAE HAL o o] AL Foj %
AQzMe] APAL photorecoptors]  He] Fasme Aok, B Faw
photoreceptore] chga-goll vizted Aol LA AR oirk. o FEAE A 7)1 A%
e dFE s 29, A F3} WA} (trapscription)g}o] #AF BAYZT Yoz
A7, 24 Foll Hste] A ZEHE FARS] FE T2 EHNE Yeld
Fol o] A zZHsE dEHYA $HAEE Ribulose-1,5-bisphosphate
carboxylasee} small subunit (RbcS) - =8} Chlorophyll a/b binding protein (Cab
protein)¢) $ 4L & % k.

Bl A% olg FHAA wHe) 2H/NAE FHANAT ATFHAAHNA o5 F
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FAA dde =28 gr REHezw wFHg. =Y RbeS= multigene familyz
RE] wHEolAm, olF z$AAES] WHE s|Belut 2HY FFo) By agm
2 A@olg dudE LYVl webd 2Fel wHGNe] A% tEde AE
welA . & RbeS $AR5e @@ @4 9 JASl4S AT Ygo
s Rk

LR PR ERTPES S

54 e] mRNAS] W2 49489 Ad ulsied ®A3] ZHoh wals
TEAEY FHANYHE ALrTolA Byl o), duiRe] YA HA S5
G AYEAY AREE} ZERezd HSHYAE =EAG. HSHYA
FAAe] Wy z=dEsE 2Ye2ZE 9IS Moy, Eagye
phytohormones} Fof o}t ZHHGNS 4 B3P} BAEHAE 9] Y24 A=
Foll oJsted AEF}Ho] ZEHLZH A |HALe B¥le] ZHHE R HAE o] Bl
A Amaranthus (518%) R ol Spirodella Spirodella (AFERE)L
S| Ela‘r'ﬁ,AmaranthusE:] ibcL mRNA 1} Spirodella®] psbA mRNAsg <2
Q4eA $A, ol mRNA 8 psbA mRNAS|) siS#2 @A Fad.
aet ol %t S 2] st siS e AENEA AHoA dALE AUA B S5
AZAARAA 4 HE AAAE @HAR] gokS B9 oblT, o]F F mRNASL]
MEgA Bato]l MaMulola FP=E ASFAHS] AHd JAEFE] AFEAA
EWs] oAZw gAs)e AQXE 2T Y= AXoelr}. EF Hele 5 ¢4
##4ojja] P700 chlorophyll a apoproteing 1¥ 6 o] H3=e] chlorophyll a
apoprotein Az mRNA <& o] #sfe] ofFyd WH}E Holx] oy,

chlorophyll a Q$ujaL =4 2XZFols 2 HA % o] 19 Aol R
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Fig. 6. Light-dependent changes in the amounts of mRNA and of the freshly
synthesized P700 chlorophyll a apoprotein in wild type and the xantha-181

mutant of barley. RNA levels in dark-grown (D) and illuminated (L) plants
were determined by dot-blot hybridization. The synthesis of the apoprotein
was determined by feeding S$S35-methjonine for 4 h to dark-grown leaves.
During incubation leaves were kept in the dark (O) or cxposed for the last
60 (60) or 120 (120) min to continuous white light. The labelled
apoprotein was immuno- precipitated from total leaf exiracts, separated
electrophoretically and visualized by autoradiography. The upper part of the
figure illustrates the step of chlorophyll biosynthesis which is blocked in
the xantha mutant.

Table 2. Effect of GA3 on the amount of ¢cAMP in 2-cm

maize shoots

Concentration of cAMP Rate of
increase
pmol/g dry wt pmol/g fr wt %)
Control 65.30+ 7.2 8.09+0.89
325
+GA; 212.16%19 26.33+2.35

Crude ¢cAMP sample prepared from maize seedlings, with GA; treatment and
without, was analyzed by HPLC. Each value represents the mean of three
independent determinations + standard error.
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Table 3. Effect of GA3 on the activitics of ribosome and $-100 for the
poly U-dependent polyphenylalanine synthesis

Incorporation of 14C-phenylalanine

Complete system including: repm/mg ribosome

ribosome ¢, S-1004 2,148
ribosome %, 5-100¢ 10,039
ribosome 4, $-100° 9,141

The ribosomes were isolated [rom the preincubated 5-30. The reaction mixture for
in vitro protein synthesis contained 0,512 Azgp units of ribosomne, 0.60 Azgp units
of $-100 proteins, 60 ug of tRNA, 200 ug of poly U and 0.35 xCi 14C-phenylalanine.
"The incubations were performed at 35°C for 60 min. The data shown here are the
mean value of 3 cxperiments.

4 Ribosomne and $-100 were isolated from the seeds treated without GAs,

b Ribosome and S-100 were isolated [rom the sceds treated with 0.3 mm GAsg,

Table 4. Effect oﬂf GA3 on the activities of the factors EF-1 and EF-2 for
the poly U-dependent polyphenylalanine synthesis

Elongation factors added to Incorporation of 14C-phenylalanine
incubation mixtures (cpm/mg ribosome)
--EF-1 and EF-2 1,758
EF-1°4+EF-2¢ 2,592
EF-1!} EF-2¢ 3,840
EF-1¢+EF-2° 4,128
EF-1°+EF-2¢ 4,216

EF-1 and EF-2 were isolated from the germinating seeds treated with and without
0.3 mm GAz. The reaction mixture for in vitro protein synthesis contained
2.56 Aggo units of ribosome isolated from seedlings treated without GAs, 1.53 Asgo
units of $-100 prepared from control seedlings, 60 ug of t(RNA, 200 pg of poly U,
0.35 uCi 14C-phenylalanine, 0.12mg EF-1 ard 0.1l mg EF-2. The reaction
mixtures were incubated at 35°C for 60 min. The data shown here indicate the
mean value of 3 experiments.

¢ EF-1 and EF-2 were isolated from the germinating seeds treated without GAa.
5 EF-] and EF-2 were isolated from the germinating seeds treated with 0.3 mm GAjg.

©]&, chlorophyll a apoprotein §#2t¢] HH 2 Foll 2jste] HF5EolA EHTE
AL 4FH F=  Aelth. =@ $UA  wde #SHHYo] photohormones]
o] ZEEIE Yt dolFH Sl GAIE Hespd E2 ol RRel
CAMPS] <o) F7p8at F Aol £33 E4 o4 Eo] i HTgdol o 427

—255—



;'.EI

/M2 §HA e o] ASFEANNE ZHHE S UFH Fu A

min

%, ribosome, elongation factors, EF-13 FEF-2e] #4o] ¥=x]3)

e

il

3. 2754 §74 %Y

EE $AA7} REMEAN o gdsE  AS  ohudg.  ribulose-1,5-
bisphosphate carboxylase (rbc)¢] small subunit (rbcS)¢} chlorophyll a/b binding
protein (Cab A¥dd) $AA z&lz od7A F7d T4 A% S9Nz
FAAEL WYL 7o wpebA Aoz 15 wde] ZEH ¥al o} yiZon}
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Hold 2 olfE ZHoh} =79 ﬁ} ¢ FAlo SAFAA) Aoz Uy
4 =% chromatine] FZ71 a7l dEAd Aez wgd. =3} FA9
AR GAAL 1beS $AAE L multigene familyE o}F-w), ¥ multigene
familys] et MM $HALRAE EA5o|4S By AdS £w, Evied
HIEY A E S theS FARE beS-1, -2, -3A, 3B 4 -3C § 57kA] SHAR
743 multigene family2 o]$-_‘ir_ Red, EvtEe A$ olF 1beS-3Bg} rbeS-3C
FAAE FEA A3 YFolA 18 Wdo] = ¥} AP seedlingo]r}
M35 #HLeNE A o] <A4Hr}. oo wmla) 1beS-1% 1heS-2 FAAL
M seedlingo|r} mYs HUgA HYHoz Yyt oligiF o]gE,
multigene familyol] <3t 2t SAAL] ZHER 2] DNA d7]xde] 42 =7
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