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Table 1.

Primers used for the amplification of different DNA regions in this study

Primer name Nucleotide sequence (5'—>3’)

PCR amplification for

ICEVpaTF2-F2 AAGTTGAGTAACGGCAAGAGC
ICEVpaTF2-R2 TATCTAGGATGACGGGCTTTG
ICEVpaTF2-F3 CAACAAGAAGCTGCCAACACC
ICEVpaTF2-R3 CGATGGTATCAATGTGGTGC

attL-F1 AGCGCGTGGCTAGAAGTAAG
attL-R1 ACACCGCCAGACTCGATTC
attR-F4 ACAATACCCTGCAATACCGATC
attR-R4 TACTTCCATTGGATCACGAACG

Gap between Scaffold 11 and Scaffold 50

Gap between Scaffold 50 and Scaffold 7

attL, attR, attB, and attP sites when using different primer combinations
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PR TTHEE DNA iz fi . DNA fin 1. L2L & DNA i
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setCD Al setR 113784~ ICE %4 . VI A% IG
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<l | Cc2
o :
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[ mobl l I—‘ ] I
VR I VR III HSS

D PED ) E— — — E— —

hipB1 hipAl tral tra2 areB bsdM  hsdS pheB
[y strii strd

tral teiR tras sui2

B 1. SXT/R391 =ik

JHSI |HS2

sefCD  set()

|Hs4 [HS3

higA high

“ SIS X ==
hipA2 hipB2

52 NMZUCERETEERMUEEAMINE TF2 B ICEVpaTF2 5 V. owensii V180403 HY

ICEVowV18 HI%5# b

Figure 1. Schematic representation of 52 conserved core genes of SXT/R391 family and structural comparison
between ICEVpaTF2 of V. parahaemolyticus TF2 and ICEVowV18 of V. owensii V180403. The thick arrows
represent 52 core genes of SXT/R391 elements. The length of the arrows corresponds to the length of core genes of
ICEVpaTF2. The short vertical lines at both sides of SXT/R391 elements represent the start (attL) and the end (attR)
of them. The white thick arrows represent conserved genes with unknown functions. The purple thick arrows
represent the genes closely related to prophage that are responsible for the integration, the excision, and the
recombination of SXT/R391 ICEs. The green thick arrows represent the genes closely related to conjugative
plasmids that are responsible for conjugation transfer of SXT/R391 ICEs. The upward vertical arrows indicate the
insertion positions of the variable regions. The downward vertical arrows indicate three unusual insertion sites for
variable gene. The red arrows indicate the specific genes in ICEVpaTF2 when compared to ICEVowV18, the yellow
arrows indicate the specific genes in ICEVowV18, and the blue arrows indicate common genes of two ICEs in
variable regions.
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H, ENBgiis 1 4 TAS, TAS | Zf#1E T ICE
RN R B R 2 TR I AN R A
ICE 7E1H FIENLLRIFAERY . HS2 K5 7 43
REA 524 B LA orfl6-orf22 (36 2), HEM &A1 5
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2. ICEVpaTF2 FOREHEE A SXT/R391 Jt int EF (A)FA xis ZEE(B)RZK & B #t

Figure 2.

Phylogenetic trees of int (A) and xis (B) genes from ICEVpaTF2 and some randomly selected

SXT/R391 ICEs. The trees were constructed using the neighbor-joining method. Bootstrap values were obtained

after 1000 repetitions.
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F 2. ICEVpaTF2 A] % X i) A1 B9 5 [F K Ih gE 7L

Table 2.

Genes and functions prediction of variable genes in ICEVpaTF2

ORF Gene Functions of genes Start Stop Length/aa
orfl hipB1 XRE family transcriptional regulator 809 1129 321
orf2 hipA2 Type |l toxin-antitoxin system toxin 1122 2336 1215
orf3 \ Hypothetical protein 5349 5516 168
orf4 tral Tn3 family transposase 7628 8221 594
orf5 tra2 Tn3 family transposase 8335 9948 1614
orf6 \ Hypothetical protein 11019 11273 255
orf7 xreB XRE family transcriptional regulator 14338 14565 228
orf8 hsdM Type | RM system methyltransferase subunit M 14565 16619 2055
orf9 \ Hypothetical protein 16616 16828 213
orfl0 hsdS Type | RM system methyltransferase subunit S 16825 18240 1416
orfll pknB Protein kinase 18250 22383 4134
orfl2 \ Hypothetical protein 22380 24026 1647
orfl3 \ Hypothetical protein 24023 29497 5475
orfl4 higA Helix-turn-helix domain-containing antitoxin 34898 35176 279
orfl5 higB Type Il toxin-antitoxin system toxin 35173 35496 324
orfl6 \ GNAT family N-acetyltransferase 39824 40330 507
orfl7 \ DUF1778 domain-containing protein 40321 40587 267
orfl8 \ Hypothetical protein 41147 41266 120
orfl9 \ AAA family ATPase 41403 44132 2730
orf20 \ Hypothetical protein 44129 45238 1110
orf21 \ Phospholipid synthase family protein 45251 46783 1533
orf22 \ FIS family transcriptional regulator 46786 48231 1446
orf23 \ Conjugative transfer protein 345 51460 51807 348
orf24 \ Hypothetical protein 58299 59072 774
orf25 \ Hypothetical protein 71317 71517 201
orf26 \ Hypothetical protein 71579 72679 1101

BE PR e B -4l AT AT 2 IR rumB A
rum‘B?*24, {H27E ICEVpaTF2 i rumB’Fl rum*B
ZIIAR RGP R, M A% e A4 A S48 A
137 1 5 IR A 2R 06 Bl s A e P kAh,
ICEVpaTF2 Hif i EREZI T 3 N AEH AR AL
MRS orf3. orf6. orf23, Zwhd AL 1K JE
At 116 ANEEERR, IR RER /358 AR5,
NP EAR S R K A AE T A B S R A v, L)
SR SURW
2.5 ICEVpaTF2 5 Vibrio owensii V180403 1 ICE
FERH A

PLIRAS 58 8¢ ICEVpaTF2 ST 4 it ¥ 51
ik NCBI Y Blast #%, %A Bl GenBank H'5
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ICEVpaTF2 f ALY ICE 3 B TR V. owensii
V180403 (GenBank No: CP033144), fir 4 N
ICEVowV18, 7 78%I1) 4 i & [l N ICEVpaTF2
Y5 ICEVowV18 #{KH A =ik 98% Y AH I .

ICEVpaTF2 5 ICEVowV18 [ HS1, HS2, VR I IX
(A AR BE IR s s BE A TR AR LME Ak 3 AR
AR DL 3 A SRR PR o [R) R DG 15 21 g 2
F R AR (B 1, k). ICEVpaTF2 5
ICEVowV18 AT &1 B AR T HI AR, Fh &
FALR 25 FIE R LB, R B 2 A ICE 1R Al RE>

A TR, e — e B X 51 .

ICEVowV18 i #%| =% TAS; ICEVowV18 f
VRIT X J&fc KA AT AR X ek, F A4 24 Tn3
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LA —A A Y ICE for RV 1M 5 ER  #% Vb0624
H1(CP041202.1), ‘&5 ICEVpaTF2 A, 7F 62%
M SV N A 97%R—8UE, 5 MREER
VLR MR AY ICE B e 1) 3 A AH ]

2.6 ICEVpaTF2 §iB541. 3MbiEdE

PCR #Z5R3EM, KA attL-Fl/attL-R1,

attR-F4/attR-R4 . attR-F4/attL-R1 . attL-F1/attR-R4 7|
WGBS U KN 25 (B 3), 4 45519
(VRS A LI 4 X —Z5 R, RV I NER TF2

1 Rl

HRREAR, Al ) ICEVpaTF2 A FHE T
T8 FIENHAIRAS, FB5T- 4l ICEVpaTF2 4 T 5Y
I, LR 4). 4546 ICEVpaTF2 HAg 52 4h
FIFIIIRESEIN, W ICEVpaTF2 2— A5, 31
RIE TR SERE ICE, Pt HA VRS R 1G4k

bp M 1 2 3 4

1328 bp
742 bp

3. $HTE attL # attR i = £ T XA 519 A E4H
A PCR¥IBER

Figure 3. The PCR results based on different
combinations of primers anchoring upstream and
downstream regions of attL and attR sites. M: DNA
marker DL2000; 1: attL-Fl/attL-R1; 2: attR-F4/
attR-R4; 3: attR-F4/attL-R1; 4: attL-F1/ attR-R4.

2 R4

! attl, ! ! attR "“'---.

5. ATTATTTCCCACCCTGATGC -3
3- TAATAAAGGGTGGGACTACG -5

5 ATCATCTCTCACCCGGATGC -3
3- TAGTAGAGAGTGGGCCTACG -5

Excision and recombination of genome Cyclization and recombination of ICE

T R4
-ri/ B _“‘"-=..

3- TAATAAAGIGGTGGGCCTACG -

4
5'- ATTATTTCECACCCGGATGC -3

or
o R4

é attBB E

5- ATTATTTC
3. TAATAAA

Ll

GTGGGCCTACG -

wn

3. TAGTAGAG

ACCCGGATGC -3

IT) attR K

GTGGGACTACG -¥

5 ATCATCTCHCACCCTGATGC -3

or

i attP Rl

SNATCATCTC ACCCTGATGC~Zy
- TAGTAGA GTGGGACTACG -¥

4. HEMHY ICEVpaTF2 8141, IRMLAT att LSRR = B
Figure 4. Speculated schematic diagram of the att-sites forming during the excision/cyclization of ICEVpaTF2
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E— AT ICEVpaTF2 b FHAIRAH
attL #1 attR ¥4, & P attL Al attR 1 J& 4 20 bp,
IR AN, AN 3. 6. 9. 15 ik
e AL 2 R ICEVpaTF2 KA BTG, etk
attB {7 S S F attL Al attR U245 E4, B attB
A5 Hy attL (19 5% A attR 4 32 (& 4), i@
AP & B, attB 55 9 MR EA 2 4R %
RN, RIUESS 9 SR E, WRER T 5k
C(I¥l 5-A). [FIFE {5 19 ICEVpaTF2 /=AY attP
s B attl A1 attR 24/ A, R attP {7
S attR 19 5% Al attl B9 3wl A (K 4), it
WP R A B, attP 55 9 BlE Rl B 2 /] 45
RN, BEULSS 9 BRI E, AIEElh C 5
T(E 5).

3 Wit

IWHTRAE R T LB T Kt SXT/R391 It
EAFAE, H R IF R A 7R R ¥ I 9K Wk 3
SXT/R391 JufFryBHafiE , FATLL ICEVpaTF2
RFTA, il Blast # 2R & BA 5 4RI LT
W MRAEAE S ICEVpaTF2 MLIIR % E ICE JF

(A)ATTATTTCEICACCCGGATGC

Jﬂ',l\hl‘ I'n“,||ﬁ‘| ‘||‘ “l \Ihll‘ ‘ﬁl /@\ MM/\ Ilﬂlfllﬂ/\

(BYATCATCTCIOCACCCTGATGC

mﬂmﬂdkmmﬂkN\

B 5. attB {3 = FFUE EI(A)FA attP 43 0 Fr 1 [E (B)
Figure 5. Sequencing peaks of attB (A) and attP (B).
Four colors of peaks represent four different bases.
Both attB and attP have two overlapping peaks at ninth
base sites, which represent base T or C
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Bioinformatics characteristics and excision/cyclization activities
of an ICE element, ICEVpaTF2, in Vibrio parahaemolyticus TF2
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Abstract: [Objective] To obtain complete sequence of an integrating conjugative element (ICE), ICEVpaTF2, from
Vibrio parahaemolyticus TF2, and analyze its genomic characteristics; to investigate if ICEVpaTF2 has
excision/cyclization activities from host genome and how att sites recombine during excision/cyclization.
[Methods] The genomic frame sequences of V. parahaemolyticus TF2 was first annotated by RAST, which led to
the finding of a potential and complete ICE element, named ICEVpaTF2. After manual splicing, PCR amplification
followed by sequencing verification, a complete sequence of ICEVpaTF2 was obtained, and then it was annotated
and characterized again. PCR detection and subsequent sequencing were performed to explore whether ICEVpaTF2
could excise from its host genome and cyclize itself and to characterize the forming of attB and attP by comparing
the sequences of attL, attR, attB and attP. [Results] ICEVpaTF2, with a total length of 83588 bp, contains 52
conserved core genes of SXT/R391 ICE elements, which are related to excision, integration, self-transfer, and
regulatory mechanisms. ICEVpaTF2 also contains five hot spots (HS), two variable regions (VR), and three
atypical insertion sites accommodating variable genes. HS and VR contain a large number of variable genes,
encoding for restrictive modification system, DNA repair system, toxin-antitoxin system, and etc., which confer the
host extensive adaptive profits to the bacterial host. ICEVpaTF2 also contains unique genes with unknown
functions. Through phylogenetic analysis of the two core conserved genes, int and xis, it was found that int and xis
of ICEVpaTF2 belong to subgroups represented by that of R391 and SXT, respectively. ICEVpaTF2 excises at
chromosomal attL and attR sites and cyclizes resulting in the forming of new heterozygous and recombined attB
and attP sites. [Conclusion] ICEVpaTF2 belongs to the SXT/R391 family and it is a complete ICE element
harboring self-excision and cyclization activities. New attB and attP sites are generated by hybrid recombination
between primary attL and attR sites.

Keywords: Vibrio parahaemolyticus, SXT/R391 elements, ICEVpaTF2, bioinformatics characteristics, excision/
cyclization
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