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(TR . SRS A Ry 1k, X T 7% w8 9B A6 ook [ o
AN o3k Z RS, AT 43 S BN ORI AR AR IR
T OB 1 AT ] A% R 7 845 B R il . FRATT G IR
T AR S W AR AE Y — BRIV BN E259 , D 43 B
—ANJRL pVAE259 , 25 BR il ¥ P9 D) it i U1, o B
JP i 2 3k4% T pVAE259 [ 2741, 2 J5 Xf 42 )7 41 it
1750 TH-AE 200, R R R I B I E259 19
K] A5 i D Re B 5 s s b 7 ) Z )
X R

1 MoK &

1.1 EE s

JBe 2 R R LA i B 97 2k (TSB) Il T BD ,
TR T AL 5T N — AR T, PCR 00 BioRad Y
PTC-100 , A< fF 5 4l HH 9 He A5 349 1 F Axygen
TaKaRa 1 NEW ENGLAND BioLabs,

1.2 MEESFSRARRN

VDI AR E259 T 2004 4 10 A 438 H H I
RO 5 3T 6 96 K o % 40 TE 42 B T TSB A, 28°C
200 r/mind 3% , AxyPrep'" Plasmid Miniprep Kit 45 Hit
Jiki, B3 pL LA 0.6% I HEEERL , B % 120 V,
H, 3k 30 min,

1.3 [REMEAYIEERIFIES EENF

3 931 SR g 1S 5 o~ R I ) BR o 9 ) i
EcoR V Hae 1l .Sma 1 .Rsa 1.Dra 1.Dpn 1 % i1 ki yf
BV, R & 37°CHEE 6 h,64°C KIK10 min,
it 471 7= ) H AxyPrep™ PCR Cleanup Kit 4fifk .

I DNA. A-Tailing Kit £ Y74 5 38 A S
—ANBEE A, A J5 D) R Be 'S pMDI18-T # ik
B, 16°C SN 3 ho 4 WAL R I A T B2 76
AN DHS o, B A6 7595 1 B E il A0 4 B 55 57 5 vk
DL

TEF- A b PRI (T8 7, WK B 37 T 4 IR
WS B B B, FEHE B 1 B R R R P 0o S iR
RAYHARARA W F . R4S FUR pVAE259 4
Fe o1, 3452 NCBT, % 5% 5y : GQ395338
1.4 pVAE259 ¥ B 7 51 53 47

i} NCBI " ORF Finder £ /% (http://www.
ncbi. nlm. nih. gov/gorf/gorf. html) F-$& 4 JF 5 )
ORF, BLAST & ¢ AH A 9 4% 2 52 51 F AR 1 510 LA

Fe 5 53 e ff DNAman #1% ORF Jf & F R 5 &
IR 1 1 25 TS AR 28, R AT F R R 47 (o] SO Ay
$RIF 0 A BR i 1 Al O) 07 5 RN 2 o ORL g . R
Megad. O B X6f AH O [H) 14 = 5 1R P 91 3t 47 R 51
2 W A A A AR

2 #X

2.1 E259 L pVAE259 Eg1)] 5 4

BT 259 R BRIk S R A 3 SR
ORI 24 (P 1) 590625 20 kb 8.5 kb
F16 kb b Horr 6 kb b A% H7 e 5%, DNA $5 D4R
% ., % i pVAE259, Jfi ki pVAE259 £ EcoR V.
Hae M .Dra 1. Dpn 1. Rsa 1 F1 Sma 1Y) )5, B
EcoR V PJ Hi 51— i b 1) 25417, [N 42 pVAE259 1)

EcoR V VI 7=y H F 5o B 7
bp M 1

15000 — <A 20 kb

10000— < B85kb

~— C 6kb

1 AEINE E259 12BN R A Bk E

Fig. 1 Electrophoretogram of the plasmids isolated from V.
alginolyticus £259. M. represents a DNA size marker ( DL 15000,
TaKaRa) ; 1. represents plasmids isolated from the bacterium. A

band: 20 kb; B band: 8.5 kb; C band: plasmid pVAE259,6 kb.

2.2 pVAE259 £ F 544

2.2.1  BHBRA S5 BT Ke 5 HA T AT 5 AR
FEXS : 800 5E | BORL pVAE259 Pl & Bk Bk , 42 4K
6075 bp, Ho Bkt A Y5 32.64% ,G [ 20.87% ,T
45 25.20% ,C 5 21.28% ,G + C HJ 42.16% , & T
Baumann (1981 ) 238 (4 1 7 N WAL ok b G + C
(4945% —48% ) {5 o Larsen 45 M\ 3555 Al
ARG BRI 59 bR % 3 9N A B0 bk e €0 44
G+C L% (45.9% -46.8% )",

AR AR 00 235 SR, FRATTHE A 0 1 o7 78 BRI Y
VIBG EcoR V ¥ 07 5 1" . o ki pVAE259 4%
5% A NCBI, 2 Blastn . XF & Bl: (1) pVAE259 4>
JE 51 654 — 2837 bp Hl 4447 — 4955 bp 5K J& —
YN B ( Vibrio sp. 41) Ji ki pPS41'"®" ( NCBI;
AF149757) 4 ¥ 51 {#) 2629 — 4815 bp #1443 =957 bp
AEALYE 53 51 68% Fl1 65% . (2) pVAE259 ) 5128
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-5344 bp 5K ( Vibrio fluvialis) B ¥k BD146
Jfiki pBD146 ( NCBI: EU574928 ) 4> JF 41| iy 2841 -
3057 bp A 75% FHALPE, [FIAF iR 5 O1 78R FL K & T
ki pVN84 ( NCBI: AB200915) 1 {1 & dfi6, repA,
orfl, ibpl S FEH () 58 % Fr Bt 911 - 1127 bp 45 75%
FLPE, (3) pVAE259 Y 2586 — 2820 bp 5 Vibrio
sp. 121 Jfi ki pTM121 ( NCBI; AF031570) & #il &2 4R
X 39 - 271 bp f5 72% ML, R B 5 Vibrio sp.
41 ik pTM41 ( NCBI; AF020625 ) & il #2 1 IX 2069

Bsu36 1(6008)

~2318 bp £ 70% HIUHE

ffi F§ DNAman ({9 H 5% 534705 51, kK A 39
Folv B P U0 I E T 5 oh B — A il A A5 (
2), 7 ORF2 [-}i% 3355 - 3361 bp kb3 A1 % Bl — 14~
oriT J© %] 5'-CAACCTG-3', # 4§ Pansegrau % f£
1994 4E {42 3 , oriT:5"-[ C/T]A[ A/T]C[ C/T] TG-
370 H A A ME — — A~ DNA #6 88 JiT 4 55 19 I =X
VEFIGL &7, AE oriT F i 2259 - 2271 bp kb, 4
Bl b (4 Bz ) #2791 5'-TTACGGAGGCATT-3',

Xem 1(189)
EcoR 1(5723) EcoR V(6075) Spe 1(324)
Eco57 1(5670) Ssp 1(566)
Sca 1(5603) ' BssH 11(608)

Direct repeats

Eci1(4913)
Bsm 1(4874)

ORF4 1000

Ppul0 1(1296)
Nsi 1(1309)
PVAE259 ORES Pac 1(1552)
BsiE 11(1647)
6075bp
BsaV'V 1(1647)
BsiN 1(4253) Nei 1(1661
PspG 1 (4253) e
BsiE 1(3996)
Avr 11(2052)
Apal. 1(3942) Inverted repeats
BseS 1(3942)
BZ" 1(13932893)3 BsmB 1(2403)
{fe 1(3833) Sfe 1(2537)
Eae [(3470) BeiV 1(2633)
Mfe 1(2673)
Nhel(2700)
Hpy99 1(3375)
BstAP 1(3348) el (SOTR) Fau1@714)
Xmn 1(3159) Bpul0 1(2759)
BsiZ17 1(3078)
2[RI pVAE259 B EEME R EmE

Fig.2 Physical map and genetic organization of the plasmid pVAE259. Bold arrows represent ORFs. Direct repeats and inverted repeats are

indicated by “ A”. The putative oriT sequence is indicated by

2.2.2 JFiCA B EAE (ORF) 2047 /F pVAE259
IR F 7 ANE IR P K KT 100 f9 ORF, % K
B K E) /NS ORFI-ORF7(3 1), 7 4 ORF 4
HRAETE M 6E AT T BRI 41 68. 77% 1Y
X 3 (£ 4178 bp) .

7 GenBank 1 %FiX 7 4 ORF #ft S ) 4 5 iia )5
B 5307 585, B AT B 6 LA S AR R AE 1Y
B (1%, Horh ORFI-ORFS 5408 e b — e 25 11 B A
BEEMLE (% 2) . ORF6 ., ORF7 M 4% 5 ¥ i op
(19 26 FUARRL P AR Lt T i LA 5 o DT

NCBI 48 % % ¥, ORFS 45 fill & $h # jfg 1%

Unique restriction sites are given.

(Halomonas elongata ) Jfi ki pHE1 f4) %% £% 45 (1 MobC
AL, ORF1 gt 25 5 2 5 B & 1 MobA #AH
fol, Kb 5 E. coli i) MobA-like £ [ S AHALL, A%
B 10 A~ S AR RL Y 48 1 3 A7 L X I 2 il A & kAR R
KK 3) M4 BLAST #8451 K Fb 5 & A= 3 8]
ATLLFIE ORFL G iy 2 110 >4 J& T — > R T it o 4
% J% ( Relaxase Super-family) , ORF2 i3 EH 5 £
AN RepA AHAL, Hovh 45 08 22 2F 5 57 B0 T4
( Stenotrophomonas maltophilia) ¥ RepA g AH L, FeAl]
TEHC 10 A S5 AHAL Y 25 1 AT LX) O 2 1 b 3R 2R
B (& 4) AR 4 BLAST 48 2 25 51 K b 2 K A4 1) 4]
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A LLFIE ORF2 2 b 4 07 24 Jig T 52 1l 7l ot 2

(Replicase Super-family)

&1 [k pVAE259 FF 5 =X 1 152 4E # $54E

Table 1 ~ Characteries of predicted open reading frames (ORFs) in the plasmid pVAE259
ORF Strand length Position/bp G+C% AA Num MV ( Daltons) Sequence
1 Plus 1377 1555 -2931 42.77 458 51775 ccgATGatagt. . . tteggTAGegt
2 Plus 963 3155 -4117 46.21 320 36942 tatATGaacaa. . . aaaacTGAtca
3 Plus 654 4321 -4974 45.41 217 24204 taaATGtgceca. . . ccaagTAAcgt
4 Plus 525 499 -1023 40.19 174 19715 aacATGaaaaa. . . acaagTAAatt
5 Plus 357 1209 - 1565 40.34 118 13265 accATGagtaa. . . atagtTAAgtt
6 Plus 351 2249 -2599 47.29 116 13185 tatATGgcaaa. . . acaaaTAAaca
7 Plus 312 5535 - 5846 33.97 103 12179 caaATGaaaaa. . . cacttTGAtat

&2 JRHI pVAE259 ORF N EBMEFEEEA D
Table 2 Analysis of homologous proteins of proteins encoded by ORFs in plasmid pVAE259

ORF  Gene or function of closest relative ( source) Data bank reference Identities (% ) E Value
1 hypothetical protein pPS41_00025[ Vibrio sp. 41] ref | YP_001687831. 11 113/159(71% ) 3e-63
2 hypothetical protein RED65_01853[ Oceanobacter sp. RED65 | ref|ZP_01308685.1 | 114/343(33% ) 8e -39
3 hypothetical protein pPS41_00005[ Vibrio sp. 41 ] ref | YP_001687827. 11 79/159(49% ) 2e =27
4 hypothetical protein pPS41_00010[ Vibrio sp. 41 ] ref | YP_001687828. 1| 86/111(77% ) 2e =25
5 hypothetical protein pPS41_00015[ Vibrio sp. 41 ] ref| YP_001687829. 11 59/114(51% ) 6e —26
99 MbeA of Escherichia coli(P13658)
100 | ' MbeA of Salmonella enterica str.
0.1
100 MbeA of Salmonella enteritidis(NP604403)
MobA of Escherichia coli SE11(YP002291001)
100 100 | putative MobA of Escherichia coli(YP052693)
721 MobA of Escherichia coli SE11(YP002291008)
100 MobA-like protein of Escherichia
coli(YP002296023)
100 MobA of Escherichia coli(YP001966392)
putative MobA of Neisseria
lactamica(YP001688105)
MobA of Listonella anguillarum
serovar O2(YP001144387)
ORF1
E 3 ETF pVAE2S9 ORFI B EHSHMEMNEOFIMENMRRLEN
Fig.3 Constructed Phylogenetic tree based on protein encoded by ORF1 and the other homoplastic protein. Numbers in parenthesis
represent accession number of sequences in GenBank. Numbers at branch points are the percentage supported by bootstrap (1000
replications ). The scale bar represents 10% sequence divergence. The numbers of branches represent branches bootstrap validation
of the credibility of the percentage.
2.2.3  pVAE259 9% il IX 38k 5> #r : pVAE259 [ & 43545 F 4171 bp 4219 bp F1 4311 bp, 5 4P S 4

il X R4 B W 3., 7E pVAE259 fy 5450 - 5494 bp
b A — B KN 45 bp B9 5 bp B E JF 5 (5'-
CTTGC-3") , T HFi ok 5410 — 5449 bp & — A5 &
% AT [ X 38, :5'-GAATTATCGCCCACATCACTTTCC
TTTCATCTTATAATTT-3", AT %3k 5] 70% |, B i 25
Tk 5L 41 (57.84% ) KK AT F 5 X Z 0T,
5376 — 5409 bp J& — 4~ 6 bp [ [B] 3C 45 #4, 5'-
TGTCTG. .. N22... CAGACA-3", Tfii 5¢ bl 4 7 & fHil
T RepA ) X 3 &y 3155 - 4117 bp, 7F 4118 -
5375 bpZJil , A 3 4> dam H 3Lk £ ( GATC) "™,

Schaefer 25" B 5% i) DnaA box L5 F%1 5 - (T/
C) (T/7C) (A/T/C) T (A/C) C (A/G) (A/C/T)
(A/C)-3"43 871, E X B IX S B A 3 /> A AE Y DnaA
ZEA L, 4 5l Sl 4522 bp:5’'-TCATACATC-3’ 4654
bp:5'-CTATGCGCT-3" f1 4926 bp.5'-TTTTGCGAA-
37, FEFRCKLE & I S (ori) P, EE TE S AT
9 Jr B B e i RORRAE T, T Sobecky 45 1% 4
T8 I 8] T A2 A0 A O P AR O A2 A RS A AR R A5 S
B0 DR T 3 2 B 4 fiF L 4118-5494 bp Al
LA 5 R JBORE pVAE259 1) 42 il X 3k (18] 5) .



166

Ting Su et al. /Acta Microbiologica Sinica(2010)50(02)

0.1

100

494[
1

replicase of Pseudomonas syringae pv.
66 | Phaseolicola 1448A(YP272257)

45 RepA of Pseudomonas syringae pv. Garcae(AAZ29758)

replicase of Pseudomonas syringae pv. maculicola(NP114194)

100

RepA of Pseudomonas syringae pv. theae(AAZ29764)
RepA of Pseudomonas savastanoi(AAW01449)
RepA of Salmonella enterica str. SL476(YP002045467)

replicase of uncultured bacterium(YP133869)

00 RepA of uncultured bacterium(ABI20442)

ORF2

—1

RepA of Stenotrophomonas maltophilia(ABU40767)

RepA of Comamonas testosteroni(YP0O01687748)

4 ET pVAE259 ORF2 B ZER S HMBEMNESFIMENMHRLER

Fig.4 Constructed Phylogenetic tree based on protein encoded by ORF2 and other homoplastic protein. Numbers in parenthesis represent

accession number of sequences in GenBank. Numbers at branch points is the percentage supported by bootstrap (1000 replications). The

scale bar, 10% sequence divergence. The numbers of branches represent branches bootstrap validation of the credibility of the percentage.

70

TCATCAAAAGGTATCACACGGTGTCTATCAGATATTAGCCCCCGTTAGGGGGTGATCGGCACTTAAGAAA
AAAACAGCCACCCACAAAAATCGTCTAACCAGATCGTGAGAGTTCTAGTAAAACACCGACTTACATTCCA
GGTGGTCGCCCATCACATTGAATACGTTACTAAGTAATGTTTTATTCCACTTCGATCACTTAAATGTGCC
ATTTAAGCTACTCAGCGGCTTATTATTTGTTATGGTATGTAACGTTATGCCTCGGTGTTACACCTTGGCT
CGTGTATCTAACTTGTATCATTGGTGTATTAATGGAAAATAGCACGTTACGTGTCAATGAGGCCGTTAGG
GTTACAGGTATAAGCCGTAACACTTTGTATCGCTATATGCGCGATGGTAAGCTCTCATACATCGAAGAGG
ATGGTGTTCGTTACCTTGACCGCCAAGAAATCAATCAAATAACGCCTACCGAGGTTGCTCAACAAGATTT
ATTTAATGTATCGAGCGTTACACCCGATACATCAAGTAATGCAGAGCTATGCGLTGAAATAAAGGCTTTA
CGCTCTACTGTTACGCAACTAACTAAGGCTCTGGTTACACTCAGTGACGCGGTAACACGTATCGCTGATA
CACAAAAGCCAGTAACACCAGCTAAGAAATCAAGCATACCACCAGCCACCAGCGACAATGAACGCAGAGC
GAAAGAGGCTCAAGCCAAGGTTTTTTCTGTTCTGGAACGCTACAAAGACGCTCCAAAGATGCCGAGCATT
CGAGCAATGGCGGAGGAAGCCGGAGTAGAGCGCGGCACTTTTIGCGAAGCATAAAAAATCGTGGGATGCCA
CCAGCGTTACCAAGTAACGTAAAAAGGGCGTTTAAAATTGCATGGCGACAGAAGCAATATAAAAACACCA
AAACCTTTCTCACAAAAAACCTTGTTGTTGAGCTTGCAGGTGGTGGTAAACACACGCTTGATATGATGGT
ACTTAAGGCGTATCAAAAAAAACTTGCTCTTAAAACATAGAAAAATCGGCCTTAGAGGGCGATTTTTGTT
TCAATCGAACAACGAACTTTTTGCCCTGTAAATCGCCCAGAAAGAGTCACAAACTTACAGTCCCATTTCA
GGGGGGGTAGGTGAGGTTAAGTGATTAAAAACGGCCCTAGAGCCTTTATAGGCAATGGAACGATGATTTT
TGATGGCTAACTTAAGAATTTAACATAATGGGCATAACCTGTACCGACAGTGTAGGGCCAAGTAGAAGTG
TCTGGGACATTTTTTAATTGGATTGACAGACAGAATTATCGCCCACATCACTTTCCTTTCATCTTATAAT)

[]CTTGCCTTGCCTTGCCTTGCCTTGCCTTGCCTTGCCTTGCCTTGQ»

B S5 [t pVAE259 B9 8§l K 5 47

Fig.5 Analysis of replication region of the plasmid pVAE259. The region locates in the part of 4118 — 5494 bp in the plasmid.

4187
4257
4327
4397
4467
4537
4607
4677
4747
4817
4887
4957
5027
5097
5167
5237
5307
5377
5447
5494

Putative Dam methylation sites are underlined. Putative DnaA boxes are indicated by discontinuous arrows.

Double lines in the

sequence indicate palindrome. The pane indicates AT rich region. Direct repeats are indicated by arrows.

3 it

JRORLELAT LAR AR AE - O A A, 15 AL S5k
TE]— M AN RESEAT . QT HE R, e 2 —
ATy RO % A R . B BORLIE A A S DA A R I
T BB REL, W F Bk, @RURR LK S
HER . © R EE IR BRI ) T 7™ 58 A4 ] 2
A SR 1 =3 A DL /N JoRE — i O i ot 7 4
40 ML T 223k 40 N85 DL AR B DR B2 U Ik 1Y
ANTR], B I JBTRL7E H UK I A B 2 B 3 2 R/NAS

6] 4577, 400 A Gtk B R R MR e IR o, Hh
R X8 sh me e, PR E X s i 18, (B2 3 FlE
2 TR AE B Bk I AR R TR ZE AR
AW, % N E E259 H B R H VKR R
3 AR 2E T A BRI A TR A %u B
PS5 IS JS H EcoR Vil D), 25 R E W] A Al B
HFATE T pVAE259 i DNA, HTE A B R (F—4
EcoR V FYIAL 83 (BUHE R B oR) o 73 A ABEFE R
T A R A TR, BB 5 K PR B b o D 2 P
FER 4] DNA FngtE ki s Y o 256 LA B oA, ]
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PLAH S A B LC 40310 3 B K/INAS R 49 2R, JF
FLIX 3 i BRL 4 45 D8 o0 75 6 R A 3 2 i
HRLAE, L pVAE259 (145 DBk e 2, HoB ok 4%
DUESBE 73 &2 386 0 i o 2D . pVAE259 19 K/ K ¥
DUBCE R 8 A W ORI T SRR . EARIE ST,
VIR £259 Z/DAFEAE 3 B[R] /N BORE , X 5
FRATT LA ¢ 30 H B A [R]85 e 9B Bk 485 77 22 4 kL 1Y
I GUAEARL CEUCHE R R ) o 4 BE DI BR 22 i o br 2 A7
R B 5 T IR (. A LIRS L R M 30
B ) I R A AR O — B

Tk 5 ER AR G+ C H A L, R
B IZTURLZ A R e F IR A B A TE DA
MG — B, Ok pVAE259 1 GC & & i%
TN AN A GC & &, #&7n pVAE259 1] fE#K
e SN R4S o A, FRATTHE pVAE259 4 )5 51 i 48
BT —A oriT 3 /5 , Pansegrau 25 {E 1994 4% 2 4R
L, X2 H AT C A ME——> DNA 58 T 20 75 1
i 2 A A7 25T ORFL 4t 3K 1At 5 22 bk 2 1
) MobA HLEAHL . T3 M ZAESE, 5 pVAE259 Al
LI BRI /N BTORL pPS41 & — /> W] 55 B JB AL, 75 B
IS AR B T oriT a5 . AR GC & & |
oriT {3 £ K MobA AH b1 2 11 (4 A7 4£ , T8 AT # I J52 s
pVAE259 b # Af g B A5 %% B o) fig. M a0 T kL
pVAE259 fA#E 75 ) sl bt SE B, T 4 & 4 1 1% 39K
PR B 0 TP P KT B T BB AE AR A 1E

BRI A 15 pVAE259 &35 b # 5 58
2 i Y IICER B 1 3k DY s bt A 2R e AR AL SR
B ANREHER: pVAE259 S5 H 1 R AIMOR R
X FEIER Ry pVAE259 fEA1E 4 A G i K A1 2 g 2R
F i) ORF, 1 H o2& F 9K B 19 88 11 I 7 F 9% 3F L 4%
A B T R BB 8IS LL O A BT ik R A P g T 2R
T B SE AW E pVAE259 X F 1 E i R B A, 7
BN pVAE259 JF 47 B B mlonf H b 5 9 56 R i AT
B

%% ik
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Complete nucleotide sequence of a plasmid pVAE259 from
Vibrio alginolyticus and analysis of molecular biological
characteristic of the plasmid

. *
Ting Su, Peng Luo, Chunhua Ren, Chaoqun Hu
(South China Sea Institute of Oceanology, the Key Laboratory of Marine Bio-resources Sustainable Utilization, cas, the

Key Laboratory of Applied Marine Biology of Guangdong, Guangzhou 510301, China)

Abstract ;[ Objective | To obtain the complete nucleotide sequence of the plasmid pVAE259 from Vibrio alginolyticus, to
analyze molecular characteristic of the plasmid, and to explore its potential function. [ Methods ] We got the whole
sequence of pVAE259 by the steps including of enzyme digestion, cloning, analysis of the acquired sequence and putative
encoded protein using the softwares followed by speculation of its potential biological function. [ Results] pVAE259 was a
covalently closed circular plasmid. The complete sequence consists of 6075 bp in length, with a 42.16% GC content, and
it is similar to the crytic plasmid pPS41 of Vibrio sp. 41. There is an origin of transfer (oriT) region in the sequence and
a replication region located in the part from 4118 to 5494 bp. Seven open reading frames that longer than one hundred
amino acids were found in pVAE259, ORF1-ORF7. The protein encoded by ORF1 should be classed into the members of
relaxase superfamily, which is closest related to the MobA-like protein of Escherichi coli. The protein encoded by ORF2
should be classed into the members of the replicase superfamily, which is closest related to the protein RepA of
Stenotrophomonas maltophilia. The protein encoded by ORF5 is similar to the protein MobC in the plasmid pHEI of
Heliamphora longata. [ Conclusion] The plasmid pVAE259 might have the ability to transfer between different bacterial
strains.

Keywords: Vibrio alginolyticus; plasmid; replication region; open reading frames
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