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Cloning and bioinformatics analysis of 1-deoxy-D-xylulose 5-phosphate synthase
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Abstract: Objective To clone 1-deoxy-D-xylulose 5-phosphate synthase (StDXS) gene from Schizonepeta tenuifolia and perform the
bioinformatics analysis. Methods The full-length cDNA sequence of StDXS gene was cloned by using RT-PCR based on transcriptome
sequencing data of S. tenuifolia generated in the previous study and further analyzed by bioinformatic methods. Results The cloned
StDXS gene was 2 177 bp, containing a 2 157 bp open reading frame (ORF) which encoded 718 amino acids. The theoretical molecular
weight was 77 240 and its isoelectric point was 6.32. StDXS protein might be located in the chloroplast, and it had no signal peptide and
membrane spaning domain, it was non-secretory protein. Phylogenetic analysis indicated that sequence of amino acids was closely related to
the evolution of Salvia officinalis of the same family, and they both belonged to DXS1 family. Codon bias analysis showed that StDXS gene
prefered to use A/T ending codon, with 28 skewed codons. Nicotiana tabacum was the most suitable host for exogenous expression of
StDXS gene. Conclusion The StDXS gene was cloned from S. tenuifolia successfully and its bioinformatics analysis was performed, which
provided a theoretical basis for regulating the growth and development of S. tenuifolia and improving the yield and quality of S. tenuifolia.
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RS R AERE A N E BT 2-H Bk-D-
TREERE-A-WE R iR 42 (MEP Pathway) &R, %8
12 LLA BA BR  Cpyruvate ) AT 3- B /R - H il 85
(glyceraldehyde-3-phosphate) MRk}, £t %
g 2 Je N A B s R M £E BE BR C isopentenyl
pyrophosphate, [PP) FlJ 544 A& — B P I £ B
(dimethylally pyrophosphate, DMAPP) , Fit—
A e LS FE R (geranyl pyrophosphate,
GPP) , AMTZAHNMIRR N . Fras)d . AT B 3 2
GPP )T i i W ——ipli 25 i 2 1), 1-Jhi %2 -D-
K A O¥E -5- B R & ( 1-deoxy-D-Xylulose-
5-phosphate synthase, DXS) J& MEP i&4% i IR
B —, A P R R A 31 R - H ik 8 S R
1- i %8 -D- K B B -5- % B ( 1-deoxy-D-xylulose
5-phosphate, DXP) [, HiAl, DXS
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ERARTEDEKEE . ]AERE =N E
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(1) 53 oo B A R S50, IR T X B 1) 2 AK
Pt E 12, A SO R K R A A R
THLHI B HROE R AR A R TE . DR, AHE ST AR
T UR A ZE A IR O e s 2EL I RN, o kA E
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A cDNA 2K o K AEYE B30 8r. LA
DR DR, PRI IT HwE K R A
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ARSI AE YRR T B ST A6 B FR T
TEIMAS, ZWSHR RS 30 d 19230558
it bR, M TP EAGRFRBEBIRE T NE
TERE T BT S. tenuifolia Brig., et
B KB 5 F BB AR T K 43, AR 9 SR EUR 9
RNA [#44k}
1.2 iRXF

Z W2 Y S RNA FEHGAF & DHSa K
FF B I8 52 75 4 M 0 1 b 3 RAR B AR B R &
Al; DNA B IO G0 T A6 s Rk A )
FARA R E; PrimeScript ™Il 1st Strand cDNA
Synthesis Kit. 2 X Tag Master Mix. pMD18-T
Vector Cloning Kit 4 K& % AV EHA R A Al
2XEasy Taq Mix Tt X EEMHARARA
Al BIE AN EARIR S A TAEM TR (-
) B A RA R4t
2 FE
2.1 FIFFH AR RNA B91ZEUE cDNA BI& A

W00 FF R RE BT A P B R4l R
BB Z LR S RNA $2BOR 7 & 3
FEHLA RNA, #% M PrimeScript' ™11 1st Strand
cDNA Synthesis Kit Jx % 3%1& #3417 cDNA )
A R
2.2 H#I7T SIDXS EE LK =g

MR YR VR AR ZE AT 3R I e s S AR 3R 15 DXS &
K751, {5 H Primer Premier 5.0 S/ vHRE 51
Yy, LiE514% DXS-F )7 4N 5-CACACAC-
ACACAAGATGGCT-3", 5% DXS-R 1741
N 5°-CCATCTAGGACATCATCTC-3’. ¥ 181k R .5
R 25 L, HE 2X Taq Master Mix 12.5 pL, M
cDNA 4R 2.5 pL, L3R FIFESI9% 1.0 pL,
ddH,0 9.0 uL. PCR M 2AFA 94 CTHiAME 15
min; 94 ‘CAFM:30 s; 50 CiE-k 45 s; 72 ‘CHEf#H 5
min, 3t 35 AMEFR; &5 72 CLARF 10 min; 4 ‘CiK
Ao T 1%5 aHEE R ikl s, M
DNA %R B SOR A &k B sk U ElY. A
TA-cloning Kit 52 pMD18-T #fA& 5 H FIFERIER:, K
BE T 5 % F AR T AT R A FIE T -
2.3 StDXS EEFIIRNEMEEZE ST

B0 )5 15 21 ) DXS JE K e 41 i it 3 [ [ 57
WA RO (NCBD F1#) Blast XfEb. #
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JHI 8L 1 77 76 28 B0 FE TAIR-BLAST -3k 48 5 77
FIFJEEE A f#H NCBI # ) Concserved Domain
ToOM £ 3 OR <1 480 M8 ks i R E A5 e
00 3K fF T StDXS 4w 65 1) B B 3 A M R
(ProtParam) . £5#J3% CInter Pro Scan) . 155 fik
(SignalP 4.1 Server) . YF4H fig 52 . (WOLF-PSORT
1) EBRREEE R (Tmhmm Server v.2.0) . BEFEAL

WEER LA & (NetNGlyc 1.0 Server. NetPhos 3.1

Server) . FEAFEH/KME (ProtScale) .« & 45
(Sopma, Swiss-ModeD) %547 45 & A WS B4 5
#r. fH DNAMAN {47 2 B R T 41 LT,

ffiFl MEME 7E 26 31 i 47 2 2R R IR <7 2k 7 40
B, FIH MEGA-X 10.0 MAEBEME ARG K E
B (Neighbor-Joining, NJ) , #J5{iHl CondowW
Hl EMBOSS  #A4xof 12 35 K] 1) % 05 -1~ {2 1 36 AT
ST . BTHAEME BEAE G WL 1.

R1 EYEREDHELEF ML
Table 1 Bioinformatics online programs and web sites

TELRIRAF G
NCBI https://www.ncbi.nIm.nih.gov/
ORF Finder https://www.ncbi.nlm.nih.gov/orffinder/
TAIR-BLAST https://www.arabidopsis.org/Blast/index.jsp
EMBOSS-cusp http://www.bioinformatics.nl/cgi-bin/emboss/cusp
ProtParam https://webh.expasy.org/protparam/

Inter Pro Scan

SignalP 4.1 Server
WoLF-PSORT Il
TMHMM Server v. 2.0
NetNGlyc 1.0 Server
NetPhos 3.1 Server

https://www.ebi.ac.uk/interpro/search/sequence/
http://www.cbs.dtu.dk/services/SignalP-4.1/
https://www.genscript.com/wolf-psort.html
http://www.cbs.dtu.dk/servicess TMHMM/
http://www.chs.dtu.dk/services/NetNGlyc/
http://www.cbs.dtu.dk/services/NetPhos/

ProtScale https://web.expasy.org/protscale/
SOPMA https://npsa-prabi.ibcp.fr/cgi-bin/npsa_automat.pl?page=npsa_sopma.html
SWISS-MODEL https://swissmodel.expasy.org
MEME http://meme-suite.org/tools/meme
3 #HRE7

3.1 I3+ StDXS £ & cDNA TR FF 21

A SEEGFEAAF R ) HFTT 5L RNA 1) 28S Fi1 18S
ZOMTEN, CORBUEREZSIIS, WA RNA i
BUF. DAS RNA /331 cDNA AR, F
PS54 DXS-F. DXS-R #HT4 Ky, ¥
W =2 B NR R R FR VKRS, K IAE 2000 bp 77
AR A B, 5% BT R NS AR —
HMEDL .

¥ PCR “WidkiT TA wllllfF, KILHIIT
DXS & K 741 4K 4 2177 bp, 44 N StDXS. %
FH14 BLAST #&R L E RIS BREHEY P
% Salvia miltiorrhiza Bunge. [ DXS & [A /7 51
AP = A 99%, Ui BH T Y 1 IR . R A
NCBI [#] ORF Finder %) 1) faexfi%)¥ 5347 7
B, KI DXS HEHF A E— KA 2157 bp FIFF K
% 2 AE Copen reading frame, ORF) , Zmfid 718
MNEEREE (H 2 .

5000 bp
3000 bp
2000 bp

1000 bp

M-Marker 1, 2-StDXS 3™ 4
M-Marker 1, 2-StDXS amplification products

1 FI3F DXS EEH LR
Fig. 1 Amplification result of StDXS gene of S. tenuifolia

3.2 HI3t StDXS EEFFIRIEERNEMERESE
T

FIFH NCBI ] Concserved Domain 482 Ji5 & B
StDXS J& A4 2 H B EAT PLNO2582 JiF A
(45~718) , J&T PLN02582 #5 . FIH Inter Pro
Scan 2 K I StDXS & 51 & T Mt S8 A B B s 1R
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ATGGCTTTATCTCCATTTGCATTTTCTGGOAATT TAAGCAAAGGAT TAGTAGCAGCAGATCCCCAAAAACACACCAATTTTTGCTCTCAA
MALCPPFAFSGNLUSIEKT GLYAADAQEKHTNTFTCSAQ
TGGCTTCATGGTCCAGATCTACCCTTTCATCCCTTCTGCAAGAACAACCAGGTAAGGAAAAGCTCAACAGGAATTTGTGCAACATTATCA
WLHGPDLPFHPFCKNUXNQVREKSSTOGICATLS
GAAAGAGGGGAATATTTCTCACAAAAGCCTCCAACTCCTCTTCTAGACACCATCAACTATCCGATTCACATGAAAAACCTATCTACTAAG
ERGGEYFSQEPETPLLDTINYPIHMNMNEKENTLSTEK
GAACTGCAACAACTTGCTGACGAACTCCGGTCTGACGTCATCT TCAACGTGTCCAAGACTGGGGGTCATT TGGGATCAAGCCTTGGTGTG
ELQQLADELRSDPYIFXNVYSKETOGGGHLGEGS SLGYV
ATTGAGCTAACTGTGGCTCTTCATTATGTGT TCACTGCTCCTCAAGATCGAATTCTGTGGGATGTTGGGCACCAGGCTTATCCACACAAG
I ELTVALHYVYFTAPQDRTILTWDVGH QAYTPHEHEK
ATTCTGACAGGAAGAAGAGACAAGATGCCGAGTTTAAGACAGACCGGTGGTCTCTCCGGTT TTACTAAGCGGTCTGAGAGCGACTATGAC
ILTGRRDKMPSLRQTOGGLSGFTE KRSET STDYD
TGCTTTGGAGCCGGTCACAGCTCCACAACCATCTCTGCAGGAT TAGAA TGGCTG TOGGGAGAGATC TGAAAGGAAGAACGAACCACGTC
CFGAGHSSTTTISAGLEMAYGRDLIEKGRTNHY
GTGGCTGTGATAGGAGACGGGGCTATGACAGCCGGTCAGGCTTATGAAGCAATGAACAATGCGGGCTACCTCGACTCAGACATGATTGTT
VAVIGDOGAMTA AGQAYEAMNNAGYLDSDMIV
ATTCTCAATGACAATAAGCAAGTTTCCTTACCCACTGCTAACCTGGATGGACCAACTGCTCCAGTGGGAGCCT TGAGCAGTGCTTTGAGT
I LNDNEKQVSLPTANLDGPTA APV GALSSALS
AGCTTGCAGTCCAACCGGCCACTCAGAGAGCTAAGAGAAGTTGCAAAGGCAGTCACCAAGCAGATTCGAGGCCCTACGCATGACCTTOCT
RLQSXNRPLRELREVYAKGVYTI KO QIOGGPTHTETLA
GCAAAAGTCGATGAATATGCTCGTGGOCTGATCAGTGGTTCTGCATCAACGCTCT TTGAAGAGCTCGGACTTTATTACATIGGGCCAGTT
AKVDEYARGLISGSGGSTLFEELGLYYIGPERPY
GATGGTCACAATCTTGATGATCTCACAGCAATTCTTAGAGAGG TAAAGAGTACTAAAACAACGGGTCCCGTGT TGATCCATGTTGTGACT
DGHXLDPDPLTAILREVEKESTEKTTGPVYLIHYVT
CAGAAAGGCAGGGCATATCCTTATGCAGAGAAAGCTGCAGATAMTATCATGGAGTCACCAAGT TCGATCCAGCAACTGCAAAGCAGTTT
EKGRGYPYAEEKAADKYHGYTEKPFDPATTGEKT@ QT
AATCAAGTGCTCCAACTCACT CTTATACAACCT ACT TTGCAGAGGCTCTGATTGCAGAAGCTGAAGAGGATAAGGATATIGTAGCAATC
K S S 4 P TSRSy RS EE ARSI S E S AR RN KD Sy A
CATGCAGCGATGGGAGGTGGCACCGGTTTGAACCTCT TCCAACGTCOTTTCCCAACAAGGTGTTTCGATG TTGGCATAGCAGAGCAGCAT
HAAMGGGTOGLNILTFEFA QREBREPTERCEFDVYGIAEA QH
GCTGTAACTTTTGCTGCAGGTTTGGCCTGTGAAGGAATCGAACCCT TCTGTGCAATCTACTCATCCT TCT TGCAMGAGCTTACGACCAG
AN R ECA R GEE AR G R PER G AT Y S 6 L QR A YD
GTAGTGCACGATGTCGATTTGCAGAAGT TGCCGGTTAGGT TTGCTATGGATAGAGCTGGCT TAGTGGGAGCAGACGGCCCGACACATTGT
YYD YD KEP ¥R E AMNDRAGLNGADGPTHECE
GGGGCGTTTGATGTTACTT TCATGGCTTGCCTCCCTAACATGG TGGTGATGGCACCTTCGGATGAGGCCGAATTATTTCACATGGTTGCA
GAEDVYTEMACGCLEPNMYVMEMAPSDEAELTFHMYA
ACTGCTGCAGCCATAGATGACAGACCAAGCTGCTTCCGTTATCCGAGAGGTAATGGTATAGGTGTGGAGT TGCCACCTGGAAATAAAGGC
T AAAIDDRPSCERYPRGNSG GIGYELPPGNEIKSE
AACCTCTAGAGATCGGCAAAGGCCGTATACTAATTGAAGGGGAGAGAGTGGCTCTCT TGGGTTATGGGT CAGCAGTTCAGAGCTGTITTG
KPLETIGEKGRTILTIETGETRYALLTGYOGS AV QS CL
GCTGCAGCTGCATTGGTAGAMCCCGTGGTTTACGGT TGACAGTAGCTGATGCTCGTTTCTGCAAGCCTTTGGACCATGCCCTTATACGA
A AAALVETRGLRLTVADARFCKPLDHALTIR
AGTTTGGCCAAATCACATGAGGTGTTGATCACTG TGGAAGAAGGGTCAATTGGTGGTTTTGGATCTCATG TAGCTCAGT TCATGGCCT TG
SLAKSHEVYLTITVETET GSIGGFGSHYAQFMAL
GATGGGCTTCTTGATGGCAAATTAAAGTGGAGACCATTGG TTCTTCCTGATCGGTATATCGATCATGGAGCCCCAGTCAATCAAATAATG
D6LLDGEKLEKV WRPLVYVYLPDRYIDHOGAPYXNOQIM
GAAGCAGGACTCACGCCTTCTCATATTGCGGCAACTGTTT TTAATATACTAGGGAAAGCTAGGGAGGCTCTGGAGATGATGTCCTAG
EAGLTPSHTIAATVFNXTILOGEKA AREA BWLTEMMS *

FRLIEET T PHEE 2 NEEIRES ;I RIZA 2 DXS 2 KL /751 “DRAG”

*represents the Stop Codon; transketolase domain was marked by the shadow;the DXS signature sequence (DRAG) is

underscored

=l

( deoxyxylulose-5-phosphate

El 2 3|5+ DXS BRABRMILX (CDS) RHESFEELFT
Fig. 2 Coding sequence region (CDS) of S. tenuifolia and its amino acid sequence

synthase ,

Witk . FIFHTEZREAE Protparam X StDXS %K 4ifith

IPRO05477) K%, ZF Wk EEHZ iR &)
VG . SIDXS & 3G, 73l kR i
N 45k (transketolase, N-terminal, 110~
119) , ZRHE TR Bl s g 25 5 45 44 45 (transket-pyr,

397~562) Al i i iy 45 #4383 (transketolase_C,

576~699) . IAt SIDXS B HAT DXS F Ik FH P EE
TEfRSF 74 “DRAG” , it — D uF B 2L R 38 ) 1k

(LR T A 3EAT 0 A, RISt 718 M LR
WAk, 73T RN CauoaHsa0sNos201025830, FHI 7
N 77 240, SN 6.32, HPERHEK, A
30 h, AFERECH 4000, B TFfaEEA, BN
BRERE RN 8714, FARKELFYMEN
—0.089, JBToR/KMEE M. 7E StDXS K b 12
HR AT, NER (Ala) & &K &N 10.6%, FH
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WRFER (Leuw) N 10.0%, &R (Cys) Al
BRI (Trp) /b N 1.8%F1 0.4%, Horb 6 ik
H (Asp+Glu) H 774, IEHfHRE (Arg+Lys)
69 /.

FIFH WOLF-PSORT I 7E£8 3143 1T StDXS &
SRORIAZ Y IR oA P 3 R g S ek DAS U g
SRR A% BB KB 205008 8. 3. 3, Ui
StDXS i 1] g & Az 1244 R TMHMM Server
v.2.0 TELLIAETIN SIDXS 2 [ SR ah ke, K
POZE A B A M, AN E T A
(B 3-A) ; FJH NetNGlyc 1.0 Server 7& £ 844 T
StDXS & MR I, i, RILZE A 2 M
AL 55(11, 106D 3-B); 1 H NetPhos 3.1 Server
Tl StDXS & [ BB R A7 s A1 1 P45 6 7
MO 3-C) , RIZE F A B AL 60 1,
Hopzz g (S) 28 4, HEm (T) 23 4, R

B lF 2 (CDC2) . P38 {55 7 & A Iy
(p38MAPK) . unsp %2 Fife 5 B T &5 A A
M. FIFH SignalP 4.1 Server £ £ 81 Tl StDXS 2
HESK, KMZEAASESIK, wTaeRdk
-k E (& 3-D) ; #|H ExPasy-ProtScale 73 #r
StDXS HEHZE/ K (B 3-E) , RILE KM ik
RS 602 NEER (A) Abim{E N 2.300; 3%
KPEE R ILESE 176 MR (B) AHIREA
—2.500. MEEZKIREE M AR TUNERE, HPK
oy N oUE, BT DUHERT, T DXS R

P AKMEEE A, S8 5 AP R T — 3K
3.3 #HIFF StDXS EFEFFIREBEERN—H. =&
AT

FIF SOPMA Xt StDXS & [ &b taidti T4

M, GERKRINZE A —HEFELL a-mi%ﬁﬂe (H
MG (C) AE, 29~ 40.25%F1 37.47%, BAFAE

R (YD) 94, JFAAAEERAMEF C (PKC) « AWM 14.48%faEEE (E) M1 7.80%K) B-## (T) - A
g A (PKA)  ZEEEEEE I (CKID 4l Swiss-Model ZEAHAT TN StDXS &M =458,
AR SE S R (CKD 4B 2488 IR Pymol MM TR AR A iifl (1 4) .
A 12
1.0
o 0.8
= 06
0.4
0.2 transmembrane inside — outside
0 0 100 200 300 400 500 600 700
FiA/op
B Threshqld c Serine
1.004 Potential Thesenine —
i E l Threshold
g 0.75 ;E
=050 <
il =
2025/ =
0 0 100 200 300 400 500 600 700 00 5 600 700
Rifii/bp 15 {fir /bp
10f %:ggg;g E ol Hphob. 7 kyte & Doolltt}e ]
0sl Y-score 1% m J L )k }A | |‘| \r‘ ‘ 1
/1: 06} = ‘ f | | i { A H
x Muf it APy /M
| | o 0 ilH‘ J| J‘ i ” \ .’ |
e 1 & -1y L 1 ‘M ! ” |-
0 ||||.||.\\HIIIIHI|H|III|I|I T 72i | ! 1
0 10 20 30 40 50 60 70 0 100 200 300 400 500 600 700
sAr/bp Fifi/op

3 I3t SIDXS ZEREELME (A) EEEEMKAS (B). ERBMRRKAR (C). EBRE

(E) T

Sk (D) EBFEKMMERKME

Fig. 3 Prediction of potential protein transmembrane (A), glycosylation sites of protein (B), protein phosphorylation site (C),
protein signaling peptide (D), and protein predicted hydrophilicity/hydrophobicity (E) of DXS protein in S. tenuifolia
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HIERALE
W -5 W v B s I
B
D4g7 &
=\ |

o-FRELVE AR B-Ir B LUK CARTE, HARSE I L AR
a-helix in blue  B-fold in purple, other structures in pink
4 FIFF StIDXS BHEMIZRLEM (A) ZREMRERTEME (B) FUU
Fig. 4 Prediction of secondary structure (A), tertiary structure and its conserved domain (B) of StDXS protein in S. tenuifolia

3.4 FHISF StDXS EHRIEMRATEFSITRS
H ST

FIF NCBI #1#) BLASTp Xt StDXS [ 4w fr)
AR 5 HABAEY) DXS B E SRR 7 41 AT TR R
Ebxt, R 5FFE (SmDXS, ACF21004.1) . %4
# & Isodon rubescens (Hemsl.) Hara (IrDXS,
AMM72794.1) . KU Mentha x piperita L.
(MpDXS, AAC33513.1). ELJik Ricinus communis L.
( ReDXS , XP_002533688.1 ) . & fili Solanum
lycopersicum L. (SIDXS3, XP_004245186.1) H.f5%%
EARUEE, 4> A 96.10% . 72.02% . 68.84% .
59.17%. 56.34%, ZJTHIFHTRMIHITT. &, &
R EFNSARGE AT DXS @EMT I & H DXS Kk
(= B AR S R IR 45K 38, “DRAG” , BERR 53
DXS REM 74 & B RIRGE IR “TSAG” (E5).
FIH MEME 7E£: M5t 08T LL | 6 FhiEd) DXS &k
PR HIR T3S (motif) , 78 E fH<<10, P <
0.000 1 %, RHIH 16 NEH K motif, KN
50. 43. 41. 29. 21. 15 M&EIEMRSA 100 1. 1.
1. 1. 24, X4 motif 7] fE2 2 ARIZHAEAL S (K
6) -
35 FIFT SIDXS EERGH L 2

HFIFH MEGA-X 10.0 % A1) Neighbor-joining £
AT 28 FHEYIN SIDXS R T4 R Giidkk
B, 25 R R IT 5 R R E Y B R B Salvia

officinalis LoEZ KRR M, HT—x (WD . &
Gt RR BN DXS KN 3 ANIEFKE
DXS1. DXS2. DXS3, 53Cihifis—a,
3.6 H#IFT SIDXS EEZW FIRIF LI

FIH] CodonW Al EMBOSS #f443 #r 367+ StDXS
JE R ) S FE N5 50 (codon adaptation index,
CAD . 317 % (effective number of codons,
ENC). AR EK GC & & (GCls. GC2s.
GC3s). & GC & & [Al SUEF H-7AH X3t FHI 2 Crelative
synonymous codon usage, RSCU) . 53] CAl
4 0.3176. ENC A4 55.083, it B %8S 1 P45 59
& GC 4 0.474 7<0.5, GCls. GC2s fil GC3s 4>
514 0.568 8. 0.445 1 f110.4103, M iZ%3E R 4whis X
AT &EmT G/C & HRSCU=1H, #fiD
TRA M 24 RSCU>1 I, 25691 B A Wi
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Fig. 5 Comparison of DXS amino acid sequences between S. tenuifolia and other plants
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Fig. 6 Analysis of conserved motifs in DXS amino acid sequences of S. tenuifolia and other plants
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Fig. 7 Phylogenetic analysis of StDXS amino acid sequence
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AL EHYT Lo RSCU RER EHYT e RSCU

HKNER uuc 12 1.04 Ham GGU 20 1.23

el uuG 20 1.82 GGA 22 1.35

Cuu 12 1.09 HE R CAU 13 1.24

cuc 12 1.09 BB CAG 12 1.20

T AR AUU 14 1.27 R ATk AAC 9 1.06

el GUU 13 1.16 a2 AAG 16 1.07

GUG 19 1.69 REHIR GAU 24 1.26

YRR ucu 8 1.26 BEMR GAG 18 1.03

UCA 9 1.42 e R UGU 5 1.11

AGU 7 1.1 BIXAN ACU 17 1.74

Fh a2 AGA 14 2.55 it 2 2 ccu 12 1.45

CGU 7 1.27 CCA 13 1.58

S0 GCU 32 1.83 % 2 1R UAU 14 1.47

GCA 24 1.37 I T UAG 1 3.00
KAL) St/At. St/Ns. St/Sc. St/Ec %o 4 i

(R 3) o 45 2 Yyhhia) s i 118 A i 11 22 7 55
N AZHEHAE 05~2.0, ATEIEHE A7 78
Ky ZEFBRIVFRS TS Ho D W B 2 Rl
Wy s PEARBL, AR TR IRR L. T
StDXS FEPK 5 RMAT R BERE. M. R TR GF
P22 R BRI & RS TN KON 164 15, 7.9,
Ui I ol Az AL A ) R IR RIS

TP ARG AT W, IR A E
KNE R T B AT R IR S, 2L B BT R
xR TR PSR, BURZGEAR Mt
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3 HI3T SIDXS EERSAMFTE. BE. HE. UEFTERAZREFFERMELR
Table 3 Comparison of codon usage frequency of StDXS gene among genome of Escherichia coli, Saccharomyces cerevisiae,

Nicotiana sylvestris and Arabidopsis thaliana

EE— RS 4 11 LB — — R Tw  11 ELAE
St/Ec  St/Sc  St/Ns  St/At St/Ec  St/Sc  St/Ns St/At
AR GCA 1693 2404 1701 2.225 RN CCA 2293 1140 0.888 1.296
GCC 0708 1214 1186  1.485 CCC 1122 1.023 1.008 1.312
GCG 0.264 0.897 1.184 0.618 CCG 0480 1312 1.449 0.809
GCT 2428 2165 1330 1622 CCT 1757 1.236 0.802 0.893
FpEB  TGC 1517 1739 1113 1.159 YEBER CAA 0966 0509 0.647 0.717
TGT 1650 1202 1119  0.927 CAG 0677 1494 1.103 1.190
RAEM  GAC 1.088 0964 1.202  1.132 Fh a2 AGA 2938 0979 1.249 1.098
GAT 1.073 0962 1.016  0.988 AGG 2086 0907 0.605 0.759
BB GAA 0.753 0580 0738  0.770 CGA 0580 0.927 0.662 0.442
GAG 1.290 1.304 0.897 0.777 CGC  0.000 0.000 0.000 0.000
FHAE®R  TTC 1401 1.058 1.119  0.941 CGG 0.880 4.091 1.480 1.419
TTT 0855 0799 0.884  0.957 CGT 0612 1521 0910 1.082
HaR GGA 2454 3062 1274 1379 225 AGC 0778 1135 1.135 0.985
GGC 0540 1135 0778  1.209 AGT 0738 0.686 0.805 0.695
GGG 1.922 3941 2111  2.318 TCA 1168 0818 1.048 0.836
GGT 1232 1222 0924 1316 TCG 0339 0323 0.843 0.299
HER CAC 1.715 1.605 1.439  1.439 TCT 1.062 0592 0.635 0.552
CAT 1682 1534 1932 1512 TCC 0860 0588 0.759 0.745
FeEB  ATA 0837 0625 1.050  0.883 TR ACA 1013 0.859 0.987 0.974
ATC 0789 0.889 1101  0.827 ACC 0589 0.876 1.050 1.080
ATT 0705 0.693 0.799  0.970 ACG 0614 1.043 2255 1.084
e R AAA 0636 0.564 0.833  0.768 ACT 1805 1.165 1.126 1.351
AAG 1545 0768 0730  0.723 SRR GTA 0955 1.061 1.128 1.264
AR CTA 1.987 0830 1567 1.124 GTC 0637 0707 0.752 0.652
CTC  1.757 3.091 1.403  1.037 GTG 1328 2447 1519 1.519
CTG 0298 1060 1504 1.135 GTT 0.837 0.818 0.637 0.665
CTT 1247 1470 0712 0.750 R R TGG 0311 0401 0.331 0.334
TTA 0879 0584 1275  1.205 Pifs A 12 TAC 0594 0470 0.467 0.508
TTG 2156 1.023 1194 1331 TAT 0966 1110 1.234 1.429
FEEi ATG 0998 1.131 0.977  0.965 Z&IE#A5 T TAA 0.000  0.000  0.000 0.000
KAWEE ~ AAC 0754 0617 0.905  0.732 TAG 4637 2782 2782 2.782
AAT 0427 0351 0551  0.561 TGA 0.000 0.000 0.000 0.000

P RSCS3 Fl A 15 70%, A H RT IR R 3RS
T BT SRR (K 2R TR IR R A, SR
FRBAR, HAEREUK, I ORI RIRAR 2. A
FIF 0 2 W0 5 A PR FRD #7388 1 R 95y 55 2
KR E RIS, X5 IR T
R AW BRIR A T O B i Y R K T B A

SRR FR o BRI 2 T 2R 9 5 AL R g 4 T B
2 i R T A PN S o PR B T DA K R 2D 361
TFOIR R RE, MR, M IF 2
DEUR IR AT RFSE R B LR o

AT 5T IR R v B T IR ST SR AL &)
WA R RE LR SIDXS M, 1%3E K] cDNA 4K
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