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K psbA ER 5 KimiF R X M S 1E
' OB XK

(HEBEFRITENEARE X 100080

W F LUDE (Searia italica) BiE, TR T §F H S psbA EHE 2. 2kb EcoR | K
B METRER S XERFEABREOHTHRTY. FASHER psbA BR S XRERBK
FEESEERNUMETFEW, H “-10" KYEA N TATACT. HEE M “-10” 3t4
H I (Consensus motif) {LHE—TEEHR: H “-35" KHATD TTGACA. SEB £
“-357 ZXFEFETLEE. B, £ 10" Kf 35" KZRAEAFERE 1T ACEER D
T4 “TATATA” BFAER, XL RRA K pbA RHMN B FRAGTHEBEHHL
X EH ABAEIE. kK psbA ZHH mRNA BRI 87bp, SERFT LB, MHAR
£HBT “CTATTTIT" 7 +EHRE, Lhd. RKEMREFET “TTTT” 4+ HFH. AiE
BMERERH C, MC. EH2ZIE, psbA BE mRNA WTRFAIE W AR A 8.
HHNSHGERER, LLE 6 BEWH psbA ZE mRNA ¥ 9 FF K Ay R oy £ 37
#H, MARXE “CTATTTT” 8/MFABRTFMTENERP, BET 6 AFEHEZEFRIH
HER., I—/PHTRENTTERY psbA XEHZREREET —EMHER,

X Ak, psbA BH, BHTF, TFEH

BELEEXENMH SEEES S FHEFAEACUEZ S F0 “-10" /1 “-35” TH,
TERFEYY, HRXERAREFLCED Qo KR4 psbA EEE “-10” f1 “-35” 5T
HZEESHEUEE RS TH “TATA” TTH™ ., IREFMH, pshA BEEERZ X HEEW,
HEHFAEERERAMT 5 LR B FREAT,

psbA BEMRZFHFAERKT, HRF., ARNRTEEFLEREK L, X psbA &
BEFRFH “run-on” TR, ERBPER ] 8dWARHHLKARSE, HERKT
REBEFEWL, A 4 h HFRAKTHRE 13 £Y. MRBEA RNA KT#HTF “run-on” 4447
B3, XEFVRNAKTFHEREG TRRAKTHRES WA R RNA BEEHREY.
T 35 3 M-SR IR “run-on” $R I8 W R ALK FH R BOEA) mRNA MR R EBEEAHR
BKE, SHEFAMBIHEUEXS, W HRNA QR ETRERE T 3 KM ZEHLE
HESEEAREN. BREHRENBREFTREOREDPHFEES psbA K
mRNA, {f mRNA #1834 2 R A 2R FENHV . EMNKEFHER T 5 psbA
K psbCmRNA ] ' KB EMEOE T, EMFTLIS psbA ZH L RN ERFHAEE
T-HEG, TRETAE RNA “REMUEEFFHEES, (R, psbA BEE
HFREXSEATHEEFRAARZEANEZZRE, SRS ZHATRESERDS
TEWERE, HERMNEARUREZERNREFEENRET - FHH.

ETROELWALETFCLRAC AUBRMC MY KEHEL, EH psbA B
SARERBEAFRGHRREAZA, AEHELEESHT —Bl 7 MR HFRAR

AFRERE “863-101-07-05" XE&HH.
« REERME, FEBZRHVERR X 100080,
» fTBEA,
AT 1994 12 A 14 HEH,
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BBSFRT, ITH-SEURHERETAHE RS, RINEPTH—#C, ®HY)
KIHEH, FEETE psbA 2K 2. 2kb EcoR T 5B, X psbA BE ' KB EHBRE 4
TTHEERFEIIG, F3HDK . BRSHATW psbA £ B 2K FFFI &y 4T
THEM, RANREEHZNEIBEEZNBEKBEHET “CTATTTT” 7 448
HRBOMES, it B A I psbA 2B mRNA R F PR HGETE B/ i
EHGENW, MXRBMMFANEFNETFERSHS,

1 HHRE5F %

1.1 {5l REs N

B % i B8 % © New England Biolabs 4} ] #l Bethesda Research Laboratories Ny
A. DNA FFIS M4, EAM K. WA TADNA EEBY H Bochringer
Mannheim 22 7] . &5 A58 (LMP) M08 FitM &M E BRL 247 . BMER A
K o«-*PANTPs (L% #E3 3000Ci/mmol) Mj B Amersham 235], DTT SH ¢4 2251
¥3 8 Sigma 4] 3K Bio-Rad 22 .
1.2 DNA #98)&. 811, REAHFEFDIH

KB Wu HA O 4T,
1.3 RS

5 F DNASIS ¥, }f# 5. 00, iy HITACIHI, SOFTWARE ENGINEERING CO. ,
LTD % & . '

2 ZR5i#

2.1 /MK pshA BENFRER 5 KBIFRBE EHSES LT

/KR K DNA (cpDNA) 43508 BamH I , EcoR 1 , Hind X #1 Pvu 1 #§{¥, #%5
S INRIEEERER S BB BRI EEE L, 7P FiCH K psbA &
R 1 R IR 117 Southern 32, 45 F %0 psbA M E (U7 2. 2kb EcoR 1 KB L, &5
ABEOHNRECHERT2ERER. AL H S ETEGSHYNH SEEEAS, &
HETHER B % R T8 :

BT RN KA psbA BE, RITWERT IR BEERAHE B LHE. NKH
cPDNA % EcoR 1 B 4}/5, LMP Bl 1. 5~3. okb Z {81 &H B, 5411 EcoR | K@
# pBR322 8k DNA 3548, KB T K%k 1000 M &% A H/H ¥ cpDNA 2 EcoR | [
HW AR EHEEE. £ HP FiCH KR pshbA BEENRE TR HERS, &
KRBT 22 R A EHEREPRREARE DNA, RANENEARRES
f 2.2kb EcoR I #§ A\ H B, #—# 11 Southern 243 #riE ¥, SR A &4 AL 2. 2kb
EcoR | #A KB, T FBER &K DNA 2%, H#X% 2.2kb EcoR | A K BREE
BH AN psbA EH, ROTHH S —ABHERESGL Y pFMpsbal,

ALERARE LM AS KIHH pFMpsbal DNA, 451 %k & K&
1. 0kb Bgl I -EcoR T (& psbA B E 5" &IGIEHBE) R 1. 2kb Bgl I -EcoR 1 (F355¢
BH psbA BERBROENEE, WRT Ik pshA EERE & KBERBE 09 R 5
B. WFrEf Aval, BamH 1, Bgll, Hind I, Pvul M Xbal %6 WEHERE, K
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R -5 R RV 2R, TS KBMYORE, #0 Ava | #l Hind I 7/ kB R1H
psbAFEH (Y 5 K % Lz 3F 4573 X 0~ 80bp HITBH A, #HH | MRBIGE, TEKEF
WEHHEEOLA ZFHRAHEVROSEHEN, B C MY/ DRI R pshA &
B 5 R ERBEAGTRFISGH EERHU, M5C, AMAREHENES.

FRHERRH, MRS GEEE—F, 22/ k psbA BEM S KEERBEK
CHEESREEVELUNBHTEHE. ®H “10” KFEP R TATACT, EZ4EY
“-10” K3t A EF K TATAAT, HEMAE I EHR,; “-35” KJFFIH TTGACA, K
BAEY “-35" BIFEFH TTGACA, AHEZEMA (1. BT U EFEASFENZ 4,
/XK psbA REMEHEE “-10” Kf “-35" RZERELEE P LOUEBEMEHF
# “TATATA” {R<FFP], XELERERN, Ik psbA HEMEH KEAF BB NS T
NAHREMHFE. AR 1TLUEY, FRIMEYREY psbA RAMBEIDT, EX=FT
R BB F A 45 BB R AT L IR<F Y.

GGTTCGAG TCCCGGGCAA (.JzégATATGGA AAATAGAAAA GAGC
AATCTG A%;'?TTI'GAAT TTTTACTAAC TTCATTTCCA mﬂ'ﬂTGG ATTTGGTAAA TGAAGTTATA .C1(§2AAA
TCCA ATTGTTGGGG CTGGCTTGGT Tg:CAWGGT ATATAGACTA TGTTATACTG 1:'?'0 TAACA AGCCTTCT
AT TATCTATTTT C-$P|'TCTAGTT AATACGTGTG CTTGGGAGTC C?IEFGCAATTT GAATAAACCA AGATCTTACC
m ACT GCA ATT TTA GAG AGA CGC GAA :gT ACAAGC CTGTGG GGTCGC TTCTGC AAC Tng
M T A L E R R E § T 8 L w G R F C N W

~
B 1 ok pshA BEN S ERERBENETBRAY
Fig. 1 Sequence of the 5'-noncoding region of millet psbA gene.
——*Indicates the putative transcription initiation site deduced from the
published psbA sequences.

I:Indicales start codon which is 87 bp distant from the transcription initiation

site, This 87bp fregment is the mRNA leader region.
—Indicates “-10” box, “-35” box and “TATA”" box.

2.2 XK psbA FEE mRNA IS FFIX NS

HEREFHHREREEY S K L ABERFELE B nRNA 51955, TH
RETUAILTNBETRILEMETR, HXTEHRIMN KBS EEYY psbA EET
T » 3 mRNA B3 FFI0 K B L ERE, M0 804 MBI, HI0 C, 47K psbA
HHE mRNA BT F /554 80bp, H b3 C, M/ . KEMBEH % 83bp, i C, M
WERANNKEIHY 87bp, WARIBHT “CTATTTT” 7 MEHE, HhFE. k%A
REEUT “TTTT” 4 MEHM (R 2. MBREXH “CTATTTT” XBRHIMFS, bk
FEn 3 psbA HEH mRNA WIS FHMHARS SKBHZLHER. KB, hE, xF
NMBERESBTEFHBEYREBEY (Gramineae) TS & (genus) # C, W4y, Wil
KMERNUESR T RERBEH (Panicoideae) HIFGRP C, Hi4, EMEREENC, H
C. i8], XFipsbA ZH mRNA B FFAMERTREREALEE., TR ER
B, UE 6 #ERAEH psbA A mRNA iIF 78 K BETE /MR R4 (B 2), i
X B 7bp MIBUSMNTF IR G FEREW S, ERTERAIWER., ARAMRHE
(stem) X 9 X, Hop 8 XA, FF (oop) BN 9 MR KFEMNERY 8
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%1 FEHSY pvA FRBDELTROBERELER
Table 1 Homology comparison of nucleotide sequences among different plant psbA promoters

E coli =35 Box” *Pribnow Box"
tgTTGACA attgTATAATg

-51 -41 -3 -21 -11 -1
MILLET CAATTGTTGGGGCTGGCTTGGTTGACATTIGGTATATAGACTATGTTATACTGTTA
SORGHUM
RICE —C—C— T A
WHEAT ~T-ATG--T A T-
BARLEY —-C-A-C— -T-——N——AT-C T
MUSTARD ATC—A-CCATTT--ACA. G—C- AGTC: C-
ALFALFA CC———— - AGT e — e G
PETUNIA CGA—--—AGTC——— G~
PEA T—CGGTGGATATTG—TA———G——CCC-——H-"AGTC—-H-——-—-—T—
SOYBEAN T-C-ATGGATATTG-TA AGTC G-
N. plumbaginifolia AT—GATC—ACATACAC—————CGA——-"-——AGTC—————G—
N debneyi AT-GATC-ACATACAC—-—— e LGA—-———AGTC————————- G~
SFINACH AT-GATC—-CACTAGATA. CG—-~C AGGC G-
COTTON ~T—T-CTATTTGATA. CG AGTC: G
SQLANUM AT-GATCCA-ATACA—cer——— - CGA——cer—AGTC——— G

a. “N” indicates the deleted nucleotide. b. “—" indicates the same nucleotide.

X2 MRERFHKXT SHEBZE) psbA FH oRNA HIFFAZ Y B RELE
Table 2 Homology comparison of nicleotide sequences of mRNA
leader regions between millet and, other five gramineae species.

£0 -50 40
MILLET AATAACAAGCCTTCTATTATCTATT'ITCTTTCTAG'I'I'AATACGTGTGCTTGGGAG
SORGHUM
RICE NNNNNNN
WHEAT - NNNNTA, A
BARLEY NNNNTA
RYE NNNNTA
a. “N” indicates the deleted nucleotide.
b. “—" indicates the same nucleotide.
TCT
T T
T T AAT
T C TC T ¢
AT T T A—T
T—A T—A T—A
C-G C—G C—G
TT T T T T
AT A—T A—T
T—A T—A T—A
T-A T—A T—A
AT A—T AT
GCCTTCT—ACGTGTG GCCTTCT—ACGTGTG  GCCTTCT—ACGTGTG
(A) (B) ©r

Bz B3R HATHEAY psbA BREMSFHEH - HEH
Fig. 2 Predicted secondary structures for the mRNA leader regions of
psbA genes of six Gremineae species.
(A)  Millet and sorghum; {B) Rice; {C) Wheat, barley and rye
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X, Kb 7 M FRRER, RN 4 A HE: N KERNEENER b MME, K
TR HBER, FEXNSITHE. CEAXREVEXRPUULFEEERE —HBEA
FYRE mRNA fe' X REE = WH YL A+ 0 8%, ETRE
% RNA - REWERBHFHRE™ . ORFBYSEERR, HEWE 7ok
mRNAM 5 RIp MG XM B, PRIERTRUER _ESH. FHit, IBREMIFE
X F psbA HEH mRNA 2 FHARBEHNERKFOEHEEER C. #HUNREER
EZEANERRSRBBARTH—FHER.

£ F X M

(1] Eisermann A, Tiller K. Link G. EMBO J, 1990, 9. 3981~ 3987.

[2) Gilmartin P M, Sarckin L, Memelick J et al. The Plant Cell, 1990, 2, 369~378.
{3) Klein R R, Mullet J E. ] Biol Chem. . 1990; 265: 1895~ 1902.

(4} Schrubar H, Wanner G, Westhoff P, Planta, 1990, 183; 101~111l.

(5] Deng X W, Gruissem W. Cell, 1987, 49; 379~ 387.

[(6) Plant A L, Gray J C, Photosysth Res, 1988, 16; 23~39.

[7] Klein R E, Mason HS, Mullé& J. E. J Cell Biol. , 1987, 106, 280~301.
{8) Dunon A, Mayfield SP Y. EMBO J, 1991, 10. 3993~4001.

(9] Shi X M, Wu N H ¢ al. Chinese Sci Bull. , 1994, 39, 1224~1227.
(10) Wu N H, Cote J C, Wu Ray. Developmental Genetics, 1987, 8: 339~330.
[11) Wu N H, Shi X M. Chinese ] Bot, 19981, 3; 81~88.
{12} Kuchka M R, Mayfield S P Y, Rochaix J-D. EMBO ], 1988, 7, 31%~324.
(13) Rochaix J D, Kuchka M, Mayfield S ez /. EMBO J., 198%, 8&: 1013~1021.

Characterization of the 5'-noncoding Region
of Millet Chloroplast psbA Gene

Huang Yao Wu Naihu
(Institute of Developmental Biology, Academia Sinica, Beijing 100080)

Abstract Thé 2. 2kb EcoR 1 fragment containing the chloroplast psbA gene from mil-
let (Setaria italica) has been cloned and the nucleotide sequence of the 5 -noncoding re-
gion has been determined. The sequence shows that both prokaryote-like and prokary-
ote-like promoter structures exit in the 5'-flanking region of psbA. Compared with the
consensus sequence of the prokaryotic promoter, only one nucleotide difference is found
in the “-10” box TATACT and no difference in the “-35” box TTGACA. Between these
two boxes, there is a consensus sequence “TATATA”. All these results indicate that
millet pshA promoter has both prokaryotic and eukaryotic characteristies, The mRNA
leader region of millet psbA gene is 87 bp long which is the same as that of the sorghum
gene, There is an additional CTATTTT sequence compared with rice and TTTT with
wheat, barley and rye genes., So it is presumably universal that this difference exists be-
tween C; and C, plants in the family of Gramineae. A small stem-loop structure could be
found in psbA mRNA leader regions of the above-mentioned six plants by computer
analysis. The additional CTATTTT sequence is located in the stem-loop structure,
which leads to the different size of the stem-loops of these six species. This small sec-
ondary structure may have an effect on the regulation of expression of psbA gene.

Key words Millet, psbA gene, promoter, stem-loop structure
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