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Abstract ; Bioperl-1. 0 was used under Hongqi LINUX system to programm the codon analysis software. According to
the analysis of 98 codon DNA sequences with this software, the codon usage in potato was calculated and 4 codons
have been inferred to the optimal codons. The codons of tissue plasminogen activator (t-PA) gene sequence have

been reconstructed according to the results. The t-PA gene sequence containing the optimal codons of potato will be

used for t-PA production by potato bioreactor.
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Table 1 The gene samples for analysis of codon usage in potato and their effective number of codons
= i BRE HBTH 5% K
Gene Description Accession Codon N. References
number quantities
AB041521 ppACS1 mRNA for ACC synthase AB041521 487 37.89  Direct Submission
- ribulose bisphosphate carboxylase (rbeS) mR- Proc Natl Acad Sci sUSA,85 (3) .
POTRBCS J03613 182 39. 24
NA 846-850
STHIGHMOB mRNA for high mobility group protein AJ002391 142 39.29  Direct Submission
POTMUCSTTN  multicystatin gene L16450 757 39.41  Plant Mol Biol ,23 (4) :801-812
POTUBI3A ubiquitin/ribosomal fusion protein (ubi3) gene 122576 157 41.00  Plant Mol Biol .24 (1) :119-127
STU307584 mRNA for tropinone reductase I (TRI gene) AJ307584 265 42.03  Direct Submission
POTADH3 alcohol dehydrogenase 3 (ADH-3) mRNA M25152 381 44.41  Direct Submission
STTKETMR mRNA for transketolase 750099 742 44.55  Direct Submission
AF082893 methionine synthase (MS) mRNA AF082893 766 44.82  Plant Mol Biol .48 (3) :255-265
POTPATA patatin class I gene M18880 387 45.45  Gene,62 (1).:27-44
POTSTHA pathogenesis-related protein (STH-2) gene M29041 156 46.31  Plant Mol Biol ,22 (2):279-291
POTINHWI wound-inducible proteinase inhibitor T gene M17108 108 46.77  Plant Mol Biol ,8:199-207
1-aminocyel ane-1-cark late idase
AF384821 amunocycopropane-trearboxylate - OXIESC A p3g4821 320 146.79  Direct Submission
(ACO2) mRNA
POTPR1A glutathione S-transferase (gstl) gene J03679 218 47.26  Direct Submission
. tuberosum mRNA for alpha-glucosidase (mal2
STU277244 ) AJ277244 929 47.48  Planta,213 (2):258-264
gene
Mol Plant Microbe Interact ,2 (6)
POTPSTH?ZI pSTH-21 protein mRNA M25156 156 47.66 32'; 33]“" icrobe Interact 2 (6)
5-
STFLAVSYN mRNA for flavonol synthase X92178 350 47.71  Plant J ,11 (1):105-113
POTPATATB patatin mRNA clone pPATBI M21879 387 47.74  Plant Mol Biol ,11:255-269
POTIIKA inhibitor [[ -chloramphenicol acetyltransferase MI15186 154 47,85 Proc Natl Acad Sci ,USA,84.744-
gene (IIK) 748
ST ACS2 > for 1-Aminocycl ane-1-
STACCASS ( ) gene for I-Aminocyclopropanel= ) oo 442 4811 Mol Gen Genet ,246 (1) ;496-508
carboxylate synthase
STU318822 pt3 gene for transmembrane protein AJ318822 536 48.13  Nature,414 (6862):462-470
STPCPI mRNA for DNA/RNA binding protein X82328 510 48.20 Mol Gen Genet ,247 (6) :759-763
RNA for T subunit of glycine decarboxylase
STTSGDC R for L subumt of lyCIe decarboxylase 95862 107 18.35  Plant Physiol 1104 (3);1079-1080
multi-enzyme complex
S74514 S-adenosylmethionine decarboxylase S74514 361 48.36  Plant Mol Biol ,26 (1) :327-338
STU345003 mRNA for spermidine synthase (SpdSy gene) AJ345003 348 48.42  Direct Submission
ST39EFHAN mRNA for 39 kDa EF-Hand protein AJ001310 356 48.52  Direct Submission
AF067863 1,3-beta-glucan glucanohydrolase gene AF067863 364 48.54  Direct Submission
POTPIE gene for proteinase inhibitor D17332 214 48.66  Plant Cell Physiol .35 (2):303-312
STBETFRCA invertase gene encoding beta-fructofuranosidase 722645 583 48.76  Gene,145 (2).211-214
branched-chain amino acid aminotransferase Plant Physiol Biochem, 39: 855-
AF193846 . AF193846 378 48. 77
(BCAT2) mRNA 860
STBETTUBI (TUBST1) mRNA for beta-tubulin 733382 452 48.78  Plant Mol Biol ,26 (3):1013-1018
3-deoxy-D-arabino-heptulosonate ~ 7-phosphate
POTAROIA coxyrarabmo heptuiosonate  TPROSPRAE 105101 510 48.87 J Biol Chem 265 (3):1608-1614
synthase (arol) mRNA
STU72489 remorin mRNA U72489 199 49.14  Plant Cell ,8 (12) :2265-2276
STU65648 homeodomain protein POTHI mRNA U65648 346 49.24  Direct Submission
AF233342 DNA-binding protein p24 mRNA AF233342 275 49.40  Plant Cell ,12 (8) :1477-1490
STU007739 mRNA for w-3 desaturase AJ007739 432 49.52  Direct Submission
STUI8548 mRNA for lipoxygenase Y18548 862 49.55  Biochem ] ,353 (Pt 2):345-355
STUS10520 mRNA for fatty acid hydroperoxide lyase Chpl AJ310520 481 49,68 Proc Natl Acad Sci. USA, 98

gene).

(14):8139-8144
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Gene Description Accession Codon N. References
number quantities
POTPFPA pyrophosphate-fructose 6-phosphate 1-phosph- M55190 618 19. 89 J Biol Chem, 265 (30); 18366-
) otransferase alpha-subunit 7 ’ 18371
Biochim Biophys Acta,1218 (3) .
STRPSI mRNA for ribosomal protein St X76651 265 50,04 lochim Brophys Acla 3
435-438
STU27082 catalase (CAT1) mRNA uU27082 493 50.08  Plant Physiol ,108 (4):1748
STU23757 transcription factor (POTMI1-1) mRNA U23757 251 50.12  Gene,166 (2):329-330
STU69633 cold-stress inducible protein (C17) gene U69633 209 50.40  Plant Physiol ,104 (2) :445-452
SBGLURICH mRNA for glutamic acid-rich protein X95984 241 50.46  Plant Mol Biol .33 (2):291-300
MADS transcriptional factor (Stmadsl1) mR-
AF008652 A ranseriphional factor L Stmacs ity MR AF008652 222 50.47  Planta,207 (2):181-188
STU47738 chalcone synthase 2 mRNA U47738 390 50.61 Direct Submission
AY063128 G protein alpha subunit 3 mRNA AY063128 393 50.61  Direct Submission
AF183209 trehalose synthase (TS1) gene AF483209 858 50.81 Direct Submission
STU308597 kcolb gene for K+ channel protein AJ308597 350 51.01 Direct Submission
AY098940 CDPK-like protein mRNA AY098940 512 51.16  Direct Submission
AY039111 gibberellin 3-beta-hydroxylase 1 mRNA AY039111 374 51.30 Direct Submission
AY027522 starch associated protein R1 mRNA AY027522 1465 51.33  Direct Submission
STHXK mRNA for hexokinase X94302 499 51.45 Direct Submission
RNA for UDP-glucose: protein transglucosy-
SOT223252 lm ( torl )g vcoses profem transgiueosy™ s 1223252 366 51.53 Direct Submission
ase (uptgl gene
POTST4CI11 4-coumarate—CoA ligase (St4C1-1) gene M62755 546 51.56 J Biol Chem ,266 (13):8551-8559
STPPCI ppcl gene X90982 966 51.66  Plant Mol Biol,23 (4) .:881-888
A23741 GBSS gene A23741 607 51.90 Direct Submission
STU24087 clone gPOSS16 sucrose synthase gene U24087 806 51.92  Plant Cell ,7 (9):1369-1385
STU52079 P-glycoprotein (pmdrl) mRNA U52079 1314 51.96  Plant Mol Biol .31 (3):683-687
POTAGPTHI alpha-glucan phosphorylase type H isozyme M69038 839 51.97 J B_iu[ Chem , 266 (28). 18446-
mRNA 18453
STPYRK mRNA for pyruvate kinase (cytosolic isozyme)  X53688 511 52.06  Plant Mol Biol ,15 (4) :665-669
STSBE mRNA for starch-branching-enzyme X69805 862 52.23  Plant Physiol ,102 (3):1053-1054
AF067859 lactate dehydrogenase-2 (LDH-2) mRNA AF067859 347 52.25 Direct Submission
STU76701 NADH nitrate reductase (StNR2) mRNA u76701 912 52.27 J Exp Bot,51 (347):1017-1026
. hydroxymethylglutaryl coenzyme A reductase _ .
POTHMGRI h ) MRNA 101400 597 52.37 Plant Cell .4 (10):1333-1344
mgr) m
POTSACPD stearoyl-acyl carrier protein desaturase mRNA  M91238 394 52.40 Direct Submission
AF044172 cysteine synthase mRNA AF044172 326 52.47  Direct Submission
STFUMI mRNA for fumarase X91615 494 52.48 Direct Submission
STU95923 transaldolase (PotTall) mRNA U95923 439 52.65  Plant Mol Biol ,32 (3) :447-452
Nucleic Acids Res, 17 (14):5855-
STCHITIN endochitinase gene X15494 329 52. 67 LSZ;‘G credondy e ’
5
POTST4CI11 4-coumarate—-CoA ligase (St4C1-1) gene M62755 546 52.68 J Biol Chem ,266 (13):8551-8559
AB062143 StNR6 mRNA for nitrate reductase AB062143 912 52.74  Direct Submission
STSTARCH mRNA for starch phosphorylase X52385 967 52.91  Plant Cell,1 (5):559-566
STCDINR Cdi mRNA for cathepsin D inhibitor X67843 220 53.09  Plant Cell ,4 (9):1157-1170
HMG2 for 3-hyd -3-methylglutaryl
AB041031 g(xe dort yaroxyrarmetyigutayt - \Bod1031 596 53.17 Direct Submission
coenzyme A reductase
RNA for UDP-glucose: tein transglucosy- . .
STU310910 In ) l°r2 )g HEoSE: POLEi Transgiueosy™ 1310910 367 53.22  Direct Submission
ase (uptg2 gene
STTATABP mRNA for TATA-binding protein X62494 201 53.46  Plant Mol Biol ,19 (3) :455-464
POTCATHD cathepsin D inhibitor protein mRNA M96257 222 53.46  Plant Physiol ,101 (2):703-704
STU314612 mRNA for storekeeper protein (STK gene) AJ314612 400 53.61 Direct Submission
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Gene Description Accession Codon N, References
number quantities
AF225512 soluble NSF attachment protein mRNA AF225512 289 53.64  Plant Mol Biol ,43 (4) :473-482
STPT2 mRNA for inorganic phosphate transporter X98891 528 53.65  Plant Cell,9 (3):381-392
STU309541 mRNA for divinyl ether synthase (des gene) AJ309541 479 53.74 FEBS Lett ,507 (3):371-376
POTBFRUASE beta-fructosidase mRNA 1.29099 640 54.11  Plant Physiol ,106 (1):397-398
POTAMY23A alpha-amylase (Amy23) mRNA M79328 408 54.21 Direct Submission
STU47740 chalcone synthase 1b mRNA U47740 390 54.35  Plant Physiol ,111.:348
AY050221 pathogenesisrelated protein 1b  precursor  y/5,5) 160 54.60 Direct Submission
(pr1b) mRNA
STU242853 mRNA for Dof zinc finger protein (dofl gene) AJ242853 325 54.62 Direct Submission
AB062138 StMPKL mRNA for mitogen-activated protein 10 co) 30 397 54.96 Direct Submission
kinase
AY089960 aspartic. proteinase inhibitor precursor P8G5\ yog0060 185 5506 Direct Submission
mRNA
STTPTMR mRNA TPT f{or triose phosphate translocator X67045 415 55.23 Mol Gen Genet ,238 (3):357-361
STSUCTR mRNA for sucrose transporter X69165 317 55.91  Plant Cell .5 (11):1591-1598
STSTSI4 stsl4 gene X82652 215 56.98  Plant Mol Biol ,30 (1).:171-176
STCYFI e FL mRNA for eytosolic fructose-1,6-biphos 700 341 57.53  Plant J.9 (5):671-681
phatase
STU02497 Lemhi Russet clone EH10. 1 epoxide hydrolase ;) o, 322 57.60  Plant J .6 (2):251-258
mRNA
STU318070 mRNA Hor ferredoxin-thioredoxin- reductase 1) g7 149 58.69 Direct Submission
catalytic subunit B
POTU2B spliceosomal protein (U2B) mRNA M72892 232 59.75  Gene,107 (2):197-204
POTCAM clone PCM1 calmodulin mRNA J04559 130 61,47 Lroc Nail Acad Sci, USA. 86
(10):3644-3648
STADPRFI mRNA for ADP-ribosylation factor 1 X74461 198 61.56  Plant Cell Rep,14:180-183
R2 DREENEXEZEBTFRE
Table 2 The relative synonymous codon usage of potato
HAERR DT HAER  ERT B EDT HHRR DT
Amino acid Codon N  RSCU||Amino acid Codon N  RSCU|Amino acid Codon N  RSCU||Amino acid Codon N RSCU
Phe TTT 1101 1.13 Ser TCT 859 1.65 Tyr TAT 8§02 1.12 Cys TGT 401 1. 20
TTC 853  0.87 TCC 391 0.75 TAC 627 0.88 TGC 266  0.80
Leu TTA 528 0.80 TCA 789 1.52 Stop TAA 43 1.33 Stop TGA 38 1.18
TTG 1024 1.55 TCG 185 0.36 TAG 16 0.49 Trp TGG 588 1.00
Leu CTT 1125 1.71 Pro CCT 891 1.63 His CAT 631 1.27 Arg CGT 367 1.19
CTC 515 0.78 cCcC 287 0.52 CAC 365  0.73 CGC 132 0.43
CTA 386 0.58 CCA 800 1.46 Gln CAA 904 1.22 CGA 209 0.68
CTG 377 0.57 CCG 211 0.38 CAG 574 0.78 CGG 97 0.32
Ile ATT 1318 1.57 Thr ACT 878 1.55 Asn AAT 1169 1.21 Ser AGT 548 1.05
ATC 665 0.79 ACC 384 0.68 AAC 762 0.79 AGC 348 0.67
ATA 528 0.63 ACA 823 1.45 Lys AAA 1412 0.95 Arg AGA 583  1.90
Met ATG 983 1.00 ACG 185 0.32 AAG 1560 1.05 AGG 457  1.49
Val GTT 1324 1.75 Ala GCT 1472 1.82 Asp GAT 1682 1.43 Gly GGT 1065 1.40
GTC 482 0.64 GCC 530  0.66 GAC 667 0.57 GGC 465  0.61
GTA 474 0.63 GCA 993 1.23  Glu GAA 1582 1.10 GGA 1067 1. 40
GTG 747 0.99 GCG 239 0.30 GAG 1301 0.90 GGG 453  0.59

N %7 B

N :Frequency of codon application.
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iiid CODON ANALYSE giit i £k 5K EE F. (kA MATLABG6. 0 Escsl, i 4 4

FEA L o 28 A 05 1 10 H BB, T3 e (R ik i BT, 4 B2 TTG.GTT. TAC .GGA(LFE 1),
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Table 3 The relative synonymous codon usage of high/low expression sample group in potato

FHEMR EHT mIGA AR IR Wi SRR IRERA| IR H T Mkl RFA)| AR wT EResdl (IRFRAY
High Low High Low High Low High Low
expression expression eXpression expressior expression expression expression expression
Amino group group || Amino group group || Amino group group || Amino group group
acd  Codon “Npeey N Ry 2dd Codon TN ReeU N Rsey| 2dd Codon TNTReey N Rscy| 2dd Codon TNTRSCU N RsCU
Phe TTT 49 1.02 30 1.18 Ser TCT 11 0.8 14 1.68| Tyr TAT 31 0.94 22 1.29| Cys TGT 10 L.11 6 0.86
TTC 47 0.98 21 0.82 TCC 8 0.62 3 0.36 TAC 35 1.06 12 0.71 TGC 8 0.89 8 1.14
Leu TTA 12 0.60 8 0.55 TCA 26 2.03 14 1.68| Stop TAA 3 1.80 2 1.20| Stop TGA 2 1.20 3 1.80
TTG 43 2.15 15 1.03 TCG 1 0.08 3 0.36 TAG 0 0 0 0 Trp TGG 26 1.00 14 1.00
Leu CTT 46 2.30 31 2.14| Pro CCT 20 1.25 12 0.96 His CAT 21 1.50 11 0.96| Arg CGT 20 2.31 9 115
CTC 9 0.45 14 0.96 CCC 8 0.50 8 0.64 CAC 7 0.50 12 1.04 cGC o 0 6 0.77
CTA 7 0.35 9 0.63 CCA 36 2.25 23 1.84| GIn CAA 44 1.29 20 0.95 CGA 0 0 5 0.64
CTG 3 0.15 10 0.69 CcCG 0 0 7 0.56 CAG 24 0.71 22 1.05 GG 1 012 1 0.13
Ile ATT 44 1.42 26 1.39| Thr ACT 21 1.18 24 1L.71| Asn AAT 59 1.14 28 1.30 Ser AGT 23 1.79 10 1.20
ATC 20 0.64 19 1.02 ACC 17 0.96 13 0.93 AAC 44 0.85 15 0.70 AGC 8 0.62 6 0.72
ATA 29 0.94 11 0.59 ACA 31 1.75 18 1.28| Lys AAA 77 0.81 35 0.90| Arg AGA 17 1.96 10 1.28
Met ATG 33 1.00 33 1.00 ACG 2 011 1 o0.07 AAG 112 1.18 43 1.10 AGG 14 1.62 16 2.04
Val GTT 87 2.43 27 1.64| Ala GCT 72 2.22 41 1.95| Asp GAT 85 1.53 38 1.33| Gly GGT 29 1.13 22 1.35
GTC 13 0.36 11 0.67 GCC 17 0.52 13 0.62 GAC 26 0.47 19 0.67 GGC 12 0.47 19 1.17
GTA 20 0.56 9 0.54 GCA 29 0.89 24 1.14| Glu GAA 66 1.06 44 0.97 GGA 47 1.82 16 0.98
GTG 23 0.64 19 1.15 GCG 12 0.40 6 0.29 GAG 58 0.94 47 1.03 GGG 15 0.58 8 0.49

N %7 H IR EL
N :Frequency of codon application.
4 DHREFHNBREMEEZBLFINER

Table 4 The optimal codon list of high expressional gene in potato

HIER  EWT  REENT || &R wnT NBEST | JRR BT UBEnT || ZRm %nT RN
Amino acid  Codon  Optimal codon|| Amino acid Codon  Optimal codon|| Amino acid Codon  Optimal codon|| Amino acid Codon  Optimal codon
P(0.05) P(0.05) P(0.05) P(0.05)
Phe TTT Ser TCT Tyr TAT Cys TGT
TTC — TCC — TAC TAC(0.0462) TGC —
Leu TTA — TCA — Stop TAA — Stop TGA —
TTG TTG(0. 0495) TCG — TAG — Trp TGG —
Leu CTT — Pro CCT — His CAT — Arg CGT —
CTC — Cccc — CAC — CGC —
CTA — CCA — Gln CAA — CGA —
CTG CCG CAG CGG
Ile ATT — Thr ACT — Asn AAT — Ser AGT —
ATC ACC AAC AGC
ATA ACA Lys AAA Arg AGA
Met ATG — ACG — AAG — AGG —
Val GTT GTT(0.0224) Ala GCT Asp GAT Gly GGT
GTC — GCC — GAC — GGC —
GTA — GCA — Glu GAA — GGA  GGA(0.0333)
GTG GCG GAG GGG

C 7 AR A

“—".The unoptimal codons.
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