Hanguk Nonghwahak Hoechi
{J. Korean Agric. Chem. Soc.)
36(6), 525~532(1993)

% NE CiE ZEalm Su s 24

40

i8]

OIS - HF2* -

B olHyst EA, *FE AEH Y /2

fd

ol

% a7a

Ho

=52 Fo A HAF] U FEAA e HAS BYEL o85S
TA37) Y8t 24} database2F-E A& 17749 228y §AR ] Q7D ES FsH| W
BN fHAZREH 58 994 Nd9 JSENAY TEYGUES AP
typelol X type IVe] 47He] o2 A EFE ¢ AU olHF BFE obvleit Mg
T PR s Fe Ado ofsf oA o] ofwiat Mo o AUL ¢
F Ak 17NA 47 7HR Y FEL meththionined cysteine? #e & E3Hets ofn
k4ol 47t 1, 4, 10, 30%2 FAHE 548 Bo U £F 7 FEL SHHC] 92, 82,
6.7, 74% 7R w9 Adold SRS ERRILE o} 8 GC3sol & +E FFF(effec-
tive codon number, Nc)9} ¢4 ¢z 4(preferred codon number)e] BA3 A# 183 E
TMM ZESY {AAEY P2 Hol HE9 oyl A ZEa YA FF F

#tols] b5 e

AFAR] el A% dejde] 28 EX 09
ZEH B Lo A5 AR A% $ 2o vt
Hideh glou? faxeEdA ol =g &
AATY] FAAeS A AiMe £E5 A%
AAA Fetar Qe ole Agud o] g FAR
TEE 7HE 0¥ 9NER 7450 glem, o)gd
o] #Adhe FAAE Al EAsEE et
AR B o] g0l ofgy] Eoz duA
P v He A dede] gekd g
G7IMde] WA ma}, FHAAINQA e {2
A GE FAATO o2 fEHE duAdTe B F
gk ol59 e #F9 ol HAL wgoz @
A0 Thg st =3t

gty EAFME A Gl A4ds A
AFDde) A% T8 BEEME
Foll 87 ARE 0|83 AT AT
ZEHY FAAREE MY ZEUe 49
ONE FFT oF 10%E AN EAAEL 12~17kDa
AR 8 A AT sz, AR
1770 L& {AFEIF BRAHIRD ol F F14
Hep o2y {3 wde] 4AE v, E4ste]

JEHAY PAAEZ ASFIA A=

Key words : Rice, prolamine, storage protein, codon usage

Corresponding author : B. H. Nahm

IABHEATH1993d 119 5 A<, 1993 1149 26 2.

Al

Z28 FAAES DNAYG7IAE-e EMBL(relase
30.0, March, 1992)3} GeneBank(relase 74.0, Deceraber,
1992) database 2%-E F39th o8& F7IM G2 HE
obr| =4t A he) #F+ DNASIS(Pharmacia ver. 7.06)
Programg& ol&&tglon, dlde] tvFEys AFe
AstA 22¢& CLUSTAL V Program®& o}&3th
ohg# wilHel fAMY B BAFT 5442 PROSIS
(Pharmacia ver 7.06)5 o|&3ta B39t =3
A3 4 (effective codon number: Nc)?9} #22 4&
A AwA 4717t G C2 Euhe 439 M) &ffrac-
tion of G+C at synonimous site in codons: GC3s)2
Computer program “CODONS”¢| 2j3) A= A”
$-X ¢t 5 A (preferred codon number)E XF7HA o] &
Hole AYE o] &3t B Axle] ot Apdd
CODUSA(codon usage analyzer)2 AM&-3te] 73l th?

Zn 3 o

—525—



526 SssaasA 4 367(1999)
@ olole g S RN S ASLAE ARBAE ok oS 129 ot AUle SARE o A
89 Fig lojAsh 2ol 27 MhZFos 25 4 9 AT Uk 4 AR 9@ T8N chulmy
NEE T stelnd, Fig 20 BE vhsh Qo)
17, 22, 329 ZEaNe 247 2o ue BA of
alwato] ATy Beje AL HFT om], BE
Moz ojueste] A ol &L & & AT B
179 ZEee U vud 4] AAHeE
WS fARE ojElieqt AL Ho] F3 ATk VA C-
W ofn)ictt Qe Aol HolFT BEHoZ of
ulwate] Agol Gelja gk
o9 @r1AQe Table 114 B vhe} 2o 80
GRS GARE BAEQT R 23 37e 129
=L~ uEaled B o 212 gARoE 65% 5% Wele &
ABE HAFAD. olBe FANE A SR
vlmste] B z} 2R 75~85%, 70%, 60%S]
o2 rMEel AT FAT 43 GAES B
473 om, fAHE AAL ARE oA e FA
pewstoz mestd FAE st BH, 10%
AT 2718 S RAFD Yok Tel A 470
S fUATE BE B RAAERE HAA
FEE gon auoiete S obintez Tesl

T 50% #79) RAMTE BAFE S5 2YL ¢ S
Fig. 1. The phylogenic relationship of the 17 rice ik

AledLy,
od4y,
*d4,
;

1944

2 E3
g3

EEER
SEE34

Lyodd

EVIONd

prolamines.

The dendrogram was obtained from the comparison

of the amino acid sequence deduced from the publi- ZEolE cETel 43

shed DNA coding sequences. X EY oln Al A Yo EEA AT dojR 47 9]

Table 1. The sequence homology of 4 types of rice prolamine genes and proteins

Type I I I
Name PROLA1 PROLA2 PROL PRL PRO17
PROLA1
I PROLA2 83.7
Gene PROL 78.7 89.0
II PRL 66.7 67.6 65.6
II1 PRO17 56.4 57.0 514 704
IV PRO10 —* —* —* —* —*
PROLA1
I PROLA2 84(90)**
Protein PROL 75(83) 83(92)
I PRL 69(77) 69(79) 64(76)
HI PRO17 60(71) 58(70) 53(66) 71(82)
IV PRO10 27(51) 26(49) 27(48) 28(52) 32(56)

The value are expressed as percentage.

*indicates no homology.

**The value in parenthesis shows the degree of homology when the equivalent amino acid are considered as
the homologous amono acids.
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EROL
PRO14
PROLA2
PROLAL
PRL
PRO17
PRO10
PROLAA
PROLAS
PROLA6
PROLA4
PROLAY
PROLA3
PROLAS
PROLA7
PROLAB

PROL
PRC14
PROLAZ2
PROLA1
PRL
PRO17
PRO10
PROLAA
PROLAS
PROLAG6
PROLA{
PROLAY
PROLA3
PROLAS
PROLA7
PROLAB

PROL
PRO14
PROLAZ
PROLAL
PRL
PRO17
PRO10
PROLAA
PROLAS
PROLAG
PROLA4
PROLAY
PROLA3
PROLAS
PROLA7
PROLAB

MKLIF~-VEALLAIAACRPLPSLMFLGOSYRQYQLQSPVLLOOQVLSPYNEEFVROQYGIA
MKIIF~-VFALLAIAACSASAQEDVLGQSYRQYQLQSPVLLQQQVLSPYNEFVRQQYGIA
MKIIF~-~VFALLATAACRP~-LOFDVLGQSYRQYQLOSPVLLOQOHVLSPYNEFVRQQYGIA
MKIIF~-VFALLAIAAC-ATAQFDVLGONIRQYQVQSPLLLQQOQVLSLYNEEVRQQYSIA
MKIIF~-VFALLAIVACN-RSREDPLSQSYRQYQLQOSHLLLOQOVLSPCSEFVRQQYSIV

MKIIF--FFALLAEAACSASAQFDAVTOVYRQYQL-=—-m-= QOOMLSPCGE FVRQQCSTV
MAAYTSKIFALFALIALSASATTAI TTMOY = —~-- FPPTLAMGTMDPCRQYMMQTLGMG
————————— ALLPLIALSASATTAITTMQY~~~---FPPTLAMGTMDPCRQYMMQTLGMG
<= mm e -~ FALIALSASATTAITTMQY ~~=~~- FPPTLAMGTMDPCRQYMMQTLGMG
————————— ALFALIALSASATTAITTMQY -~ -~~-FPPTLAMGTMDPCRQYMMQTLGMG
—————————— LFALIALSASATTAITTMQY -—----FPPTLAMGTMDPCRQYMMOTLGMG
—————————— LFALIXLSASATTAITTMQY -~ ~-~-FPPTLAMGTMDPCRQYMMOTLGMG
—————————————— IALSASATTAI TTMQY ——---~-FPPTLAMGTMDPCRQYMMQTLGMG
—————————————— IALSASATTAITTMQY - —-—--FPPTLAMGTMDPCRQYMMQTLGMG
———————————————— LSASATTAI TTMQY - - --—-FPPTLAMGTMDPCROYMMOT LGMG
————————— LFALIXLLSASATTAITTMQY - -~ -~ FPPTLAMGTMDPCRQYMMOT LGMG
*
ASPFLQSAAFQLRNNQVWOH-~-—— QR-GGQOSRYQDINIVOATAYELQLOQFGDLY FDR
ASPFLOSAAFQLRNNOVWQQ-~~~~ LALVAQQSHYQDINIVOATAQQLOLOQFGDLY FDR
ASPFLQSAAFQLRNNOVWQQ- -~~~ LALVAQQOSHYQDINIVQATAQQLQLQQFGDLY FDR
ASPFLQSAVFOLRNNQVLQQ----- LRLVAQQSHYQDINVVOATAQOLHLOQFGDLY IDR

ATPFWQPAT FOLINNQVMOQOCCOQLRLVAQQOSHYQATSIVOATVOQOLOLOQFSGVY FDQ

ATPEFQSPVFQLRNCQVMQOQCCQOLRMIAQQSHCQAT SSVQATVQQLOLQQFSGVY FDQ
S8-~--TAMFMSQPMALLQOQCCMQLQGMMPQCHCGTSCOMMQSMQQV-——==~— ICAGL
S$S~---TAMEMSQPMALLQQOCCMQLOGMMPQCHCGT SCOMMQSMQQV ———~~—— ICAGL
SS==~-~TAMFMSQPMALLQQQCCMQLOGMMPQCHCGT SCOQMMQSMQQV ~——=——~ ICAGL
S8~~--TAMFMSQPMALLQQQOCCMQLOGMMPQCHCGT SCOMMQSMQQV ~~=———~ ICAGL
88----TAMFMSQPMALLQQQCCMQLQGMMPQCHCGT SCOMMQSMQQV ——————- ICAGL
88-~--TAMFMSQPMALLQQQCCMQLOGMMPQCHCGT SCOMMQSMQQV ———~=~~ ICAGL
S$S--~-TAMFMSQPMALLQQQCCMQLQGMMPQCHCGT SCOMMQSMQQV ~—— —=~~ ICAGL
S8----TAMEMSQPMALLQQQCCMQLQGMMPQCHCGT SCOMMQSMQQV —— ==~~~ ICAGL
S§8~=~=~TAMEMSQPMALLQQQCCMQLQGMMPQCHCGT SCQMMQSMQQV~~~——~- ICAGL
S8==--TTMEMSQPMALLQOQCCMQLQOGMMPQCHCGT SCOMMQSMQQV ———=~=—— VCAGL
* * *

NQAQAOALLAFNVPSRYGIYPRYYGAPSTITTLGGVL- 148
NLAQAQ--LAFNVPSRYGIYPRYYGAPSTITTLGGVL- 148
NLAQAQALLAFNVPSRYGIYPRYYGAPSTITTLGGVL~ 1489
NLAQAQRLLAFNLPSTYGIYPRYYRAPGSITTLGGVLY 150
TOAQAQTLLTEFNLPSICGIYPNYYSAPRSIATVGGVWY 155
AQAQAQAMLGLNLPSICGIYPSYNTVP-EIPTVGGIWY 149

GOOOMM~KMAMOMPYMCNMAPYN FQLSSCGC -~~~ — c 134
GQQOMM-KMAMOMPYMCNMAPVN - — == = 116
GOQOMM~KMAMOMPYMCNMAPY = — = = — =~ — = e — = 113
GQOOMM~KMAMQMPCMCNMAP == - == === - oo 114
GOQOMM~KMAMOMPYMCNMAH ~ = = === =~ - o= 113
GOOQMM~KMAMOMPYMCNMAP — == === == = = = e 113
GQOQMM~KMAMOMPYMCNMAPY == = = oo 110
GQQOMM~KMAMOMPYMCNMAP ~ = — = = = — o — 109
GQOOMM~KMAMOMPYMCNMAP =~ = — - === e e m = 108

GQQQMMMKMAMQMPYMCNMAP ----------------- 115

Fig. 2. Multiple aignment of 16 prolamine protein sequences from rice.
The signal sequences are shown in bold letters. The character ‘*’ shows perfectly conserved positions, and
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Table 2. The Characteristics of 4 Types of Rice Prolamines
Type I II 11 v
AA* PROL PROLA2 PROLA1 PRL PRO17 PRO10 PROLA3 PROLAB
Gly 6.67 5.19 441 2.84 444 6.76 6.48 6.48
Ala 8.89 9.63 8.82 6.38 8.15 7.63 8.33 741
Val 5.19 6.67 7.35 7.09 8.15 1.69 1.85 1.85
Leu 11.85 13.33 14.71 9.93 6.67 6.78 6.48 6.48
Tle 4.44 444 5.15 5.67 5.19 1.69 185 0.93
Ser 6.67 5.93 5.88 9.22 8.15 7.63 6.48 6.48
Thr 222 222 294 426 3.70 7.63 8.33 9.26
Cys 0.74 0.74 0.74 3.55 593 9.32 741 741
Met 0.74 0.00 0.00 0.71 2.96 18.64 20.37 21.30
Asp 222 2.96 294 142 1.48 0.85 0.93 0.93
Asn 444 444 5.15 3.55 2.22 1.69 0.93 0.93
Glu 148 0.74 0.74 0.71 148 0.00 0.00 0.00
Gln 17.78 18.52 18.38 21.28 22.22 16.10 16.67 16.67
Arg 5.93 519 5.88 4.26 2.96 0.85 093 0.93
Lys 0.00 0.00 0.00 0.00 0.00 0.85 0.93 0.93
His 0.74 148 147 142 0.74 0.85 0.93 0.93
Phe 5.19 519 441 496 519 2.54 1.85 1.85
Tyr 8.15 741 7.35 6.38 4.44 254 2.78 2.78
Trp 0.74 0.74 0.00 142 0.74 0.00 0.00 0.00
Pro 593 5.19 3.68 4.96 5.19 5.93 6.48 648
MW ** 154 154 15.6 16.3 15.2 13.0 119 12.0
PI 945 9.19 9.50 3.41 6.67 7.32 747 747
Source*** sat sat sat sat sat sat ruf lon
Tainung 67 Nipponbare

*The amino acids are expressed in 3 letter code and their compositions are shown in Mol percentage.
**The molecular weight of each proteins are expressed in kilodation.
***Abbreviations used: sat; Oryzae sativa, ruf; rufipogon, lon; longistaminata
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Fig. 3. Hydrophobicity of 4 types of rice prolamines.
The degree of hydrophobicity is expressed in (+) va-
lues, and that of hydrophillicity in (—) values.
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Fig. 4. The plot of fraction of G/C synonymous (GC
3s) versus effective codon numbers (Nc) of 4 types
of rice prolamine genes.

The effective codon numbers and GC3s of 4 types of
prolamine genes are denoted as follows: A, type I;
O, type 1I; @, type III; a, typelV.
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Table 3. The frequency of codons used in rice glutelin genes

Type 1 II I v Frequency Type I II III v Frequency
Codon PROL PRL PROI7P R O - Total % Codon PROL PRL PRO17P R O - Total %
LAB LAB

Leu-TTA 1 0 0 2 3 5% Gly-GGT 6 4 4 1 15 58%
TTG 4 3 2 1 10 18% GGC 3 0 2 4 9 35%
CTT 3 2 2 2 9 16% GGA 0 0 0 1 1 4%
CTC 3 4 2 2 11 20% GGG 0 0 0 1 1 4%
CTA 3 4 3 1 11 20%

CTG 4 3 2 2 11 20% lle-ATT 5 6 4 1 16 52%
ATC 2 2 4 1 9 29%

Arg-CGT 0 0 0 0 0 0% ATA 2 3 1 0 6 19%
CGC 1 1 0 0 2 11%

CGA 0 0 0 0 0 0% Tyr-TAT 7 4 1 1 13 45%

CGG 1 1 0 0 2 11% TAC 4 /5 5 2 16 55%

AGA 2 0 1 0 3 16%

AGC 2 0 1 0 3 16% His-CAT 1 1 0 0 2 40%
CAC 0 1 1 1 3 60%

Ser-TCT 2 2 3 1 8 20%

TCC 0 1 0 1 2 5% GIn-CAA 13 19 12 5 49 48%
TCA 1 0 2 0 3 8% CAG 1 11 18 13 53 52%
TCG 1 1 0 1 3 8%

TGT 3 6 1 2 12 30% Asn-AAT 3 1 0 0 4 27%
AGC 2 3 5 2 12 30% AAC 3 4 3 1 11 73%

Val-GTT 1 3 3 2 9 27% Lys-AAA 0 0 0 0 0 0%
GTC 4 3 4 0 11 33% AAG 1 1 1 1 4 100%
GTA 1 3 1 0 5 15%

GTG 2 3 3 0 8 24%  Asp-GAT 2 2 2 1 7 88%
GAC 1 0 0 0 1 13%

Pro-CCT 3 2 2 2 9 31%

CCC 2 2 2 0 6 21% Glu-GAA 0 0 1 0 1 17%
CCA 2 3 2 4 11 38% GAG 2 1 2 0 5 83%
CCG 1 0 1 1 3 10%

Thr-ACT 0 3 2 4 9 38% Cys-TGT 0 2 1 4 7 32%
ACC 3 2 2 3 10 42% TGC 1 3 7 4 15 68%
ACA 0 0 1 2 3 13%

ACG 0 1 0 1 2 8% Phe-TTT 6 5 4 1 16 52%
T1C 3 4 6 2 15 48%

Ala-GCT 9 5 7 1 22 42%

GCC 1 3 3 4 11 21% Trp-TGG 1 2 1 0 4 100%
GCA 4 3 2 3 12 23%
GCG 2 1 3 1 7 13% Met-ATG 2 2 5 23 32 100%
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Table 4. The characteristics of codon usage pattern of 4 types of prolamine genes
Type 1 II I v
Codon PROLA1 PROLA2 PROL PRL PRO17 PROLAB PRO10
Total AA 150 149 149 155 149 115 134
Codons
Used 49 48 49 48 47 43 44
Preferred 43 40 38 41 37 35 38
Nec 55.69 52.24 49.88 47.56 47.87 61.00 61.00
GC3s 0.54 0.49 0.45 0.45 0.57 0.54 0.57
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Codon usage analysis of rice prolamine genes

Lee Tae Ho, Ju-Kon Kim* and Baek Hie Nahm (Department of Biology, Myong]Ji University,
Yongln, Korea 449-728 and *Agricultural Biotechnology Institute, RDA, Suwon, Korea 441-
707)

Abstract : To characterize the prolamines in rice cultivars, the complete coding sequences
of 17 prolamine genes from the database were analyzed. According to the phylogenic analy-
sis of the sequences, these genes could be classified into 4 groups, Group I to IV. The
multiple alignment of the deduced amino acid sequences revealed that the four groups
differ from one another in chain length caused by deletion of short internal amino acids
or carboxyl terminal fragments. Each group was also found to have different amino acid
compostion with 1, 4, 10 and 30% of sulfur containing amino acids (methionine and cysteine)
in Group I to IV prolamines, respectively. Also the isoelectric points of these groups showed
the different values of 9.2, 8.2, 6.7 and 7.4. Finally, from the analysis of codon usage pattern
of prolamine genes, the codon usage for arginine, serine, threonine, isoleucine, asparagine,
aspartic acid, glutamic acid and cysteine were higly biased. In the analysis of the codon
usage pattern, the relation of the fraction of G/C ending codons to effective codon numbers
suggests the different translational efficiency in the expression of the prolamine multigenes.



