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B, MFHEEES. NigEE. AEEAREMY. BoEMEE
FE M 2 th b AE K o ICESagl535 #y 3'- K 3 & B ] & B By 3 AN 45 A9 40 ML
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RZZEE. ENFEFRYH 2 EE 4o H TSPSI LT 2R,
#L T 2% ICESa2603 & ICEs 1y, ¥ & 8 40-A7 & 3 b ¥ 3ok e R
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ABAFE, BRTHE MM B R0E N fry B BR R 2.
AHARAEGMAEN T2 EWHNTREFRREAREFTEEZ L

FHEERE B A TAMEKY; ICE Sagl535 mutT; Conjrsyss;
ZHRRU AL AR ENR; KTEELYS, BMT G FHRRSEL

DA% A 0 L e 8 g e A ] S i 2 AR
18 15 K S 356 R 8 RS (HGT) ok & 3088 BGs 4 W)
R, U K2 A 2K,
5% %% (conjugative transfer) [R5 32 3 XUy
ol 1) 3 2% B 42 1127 7% RS 249 RO TTT B 35t A% ) o
KRR FE I, XN EEE . Btk
P HORN S I B e AR R P A R N, AR
PG RN 22 S o A R4 G RS TR
G ICEs AR AT, bk
52 R 2Z M A B & AR B AR Y G R A
Z, IR A ATE EY AR R A,
SEPRAE A TR [A] B 4 S R 5D, ICEs (& — &5
PP B A% Je 4 (MGEs) 4H 8 i 4% 0 X DA K
AT A% 0 DX 8] g A AR XA AZ X, MGEs
EREPUKF R W SR o, WE S =K
REARHL, il Rt G 2 AR (transferosome) |
B I 422 G B B (CPs) R st ¢ & A B (relaxo-
some), EA15 ICEs Ik . AR M ZIAKNE
BOXT . I ARG SEDIREAR G, i/ T HS Al VR
1Y 3L R UK T~ ICEs AR DI RE S

TeFLBEBR A (Streptococcus agalactiae) X FR
B JGEEEK A (GBS), &2 ARH N4 LI
HAREEY, WRMR N -F -2 B AR
g IR B R £ R IR R K SR AL R
B, PR EIAE AL, JCRLEEERE OO AR
K% R 5 e AR M BUW I o ICEs
FERERR R B g 2 8, (Hiz 4k, KRAK
HE W IREEER T & B ICEs WHIGE, ARWFFE M
Je B % 4kt (Oreochromis niloticus) 5 JC 3,55 Bk
T (WC1535 HF#R) F R 4H (GCA 001729925.2) Hr
YE N — A58 0 ICE o, M b FE R 4 2
A EEXHZ IO AE WG B RRAE . ane 05 TR
HEERFFNEMEAT T 08, A4 T ATk,
FYE T ICE B9 H R e

1 MRSk
1.1 BEFEAEZEDH
i 3 48 & NCBI 8 B e K B sh

IRBERRTAZE N4 121 bR, K% ICEs ##MEoClt,
£ 45 7 [7] 25 AU 1) relaxases. coupling proteins
conjugal transfer proteins 17 & F5 7 Pk 5 41 g,
TEFRZE R b B2 00k, KA. #£3h
JUFE K . AP I ERHE, TR P PR
FLEEBKE WC1535 Je ik LA — 525 ICE,
FIFHZE 1R T H RAST (rapid annotations using
subsystem technology) *f H #5 F Bt ir 1 &% 1)
ORFs JFHIHA TN BT A T B R AT
XF ICEs H A PR 3k R R e JE R AT T IR ST 45
¥y 3 A 4% (https://www.ncbi.nlm.nih.gov/Structure/
cdd/wrpsb.cgi), LAhFE5EEIEHF BTIRE. FIH
TEZR A M 84 (https://www.novopro.cn/tools/rep-
eats-finder.html) 73T R 751, #HIN are {55 F
oriT (origin of transfer)”,

1.2 TiE&ERIASEIREF ICESagl1535 By

BERE) AR 16 A E XK= IR 40 B 1Y
TCFLBEBRT 87 Bk, K XF 2 ICESagl535 (14
WO, H 33 BRIGEE T 2014—2016 4, 54
PEWCHE F 2020—2021 4F, D ICESagl535 #%L>
JCF LR traC. virD4 . relax1535 A relaxosome
M PR SF XA BRI 519, 24 4 DRI 4
PCR Z5RAHCHAYERT, HIrh BA ICESagl535
oo, T Serpyp. Serp. Sery. Serg 43l
DU o 20 g A RS G, 1L 1

1.3 ICESagl535 7K 45555 F

B AR R TG FLEE BR B WC1535 T #k i Hh
I BRI BE SR VLK P 58 B DR A, NI
TFLBEFRH Sagl58 (GCA_002025005.1) Hi | i
BN 3 VS U AR o= B Ay e e 2
LSO A TR IERS &k, L WC1535
YE R BLAT, Sagls8 kazi&wm (LEVY), £ 1
mL YANRE, HAS 0.5 mL B AEMIiERY 12
FLANMIEEFRALIN, A —3 0.5 cm® (37 £ 2
fFIE, 30 °C #HEREFE 4 he BRI S
SerE-F2 Fll repA-R £l ICE R] REAFAE [ I AR
44, #EPE PCR FHMEHE T (% 1), B 200 uL
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F=1 5149505
Tab.1 Principal oligonucleotide primers used in this study
H A2 A 514 Fr5 P bp

gene target primer sequence (5'-3") product size

attICE SerE-F2 CGTTGTGAACACTGTGACCATT 1043
repA-R GCGTAAGCTACCTTGACCTCTA

cpsL cpsL-F CAATCCTAAGTATTTTCGGTTCATT 688
cpsL-R TAGGAACATGTTCATTAACATAGC

cpsG-3 cpsG-F ACATGAACAGCAGTTCAACCGT 352
cpsG3-R TCCATCTACATCTTCAATCCAAGC

cpsG cpsG-R ATGCTCTCCAAACTGTTCTTGT 272

attL gtfB-F AGCTCTACTCAGTATCAATCTG 895
repA-R GCGTAAGCTACCTTGACCTCTA

attR SerE-F2 CGTTGTGAACACTGTGACCATT 2219
nudiX-R GTACCAATGCTTCATACCAACT

traC traC-F GTTGCAGGGTCTAATGACATGA 917
traC-R TCAGACGCATATTTGTCCAAT

virD4 virD4-F TTGGATTCGGTGATTGCGGTC 554
virD4-R TGAGAGGTAGAACTTGAGCC

relax1535 relA-F GAACTCAAGCAGCGGCTCTA 1307
relA-R CTATTCGAGACCTACTTCGC

relaxosome relM-F TGTGTTCAGGAGCTGATGGC 727
relM-R GAAGACAAGCTGACACCAGA

Serpvg 3SER-F TAGTCGTCATGCGATGAAGC 2589
3SER-R CATGCTGTTCATCGCACTCT

Sery Serl-F TCCATCATCAACCAACGCTCG 757
Serl-R GCTGGATTGACAGCTACAG

Sery SerM-F TGAGATGGGACGACTGATTG 980
SerM-R TGCTCAGCTTGTAGACTAGC

Serg SerE-F1 ATCATTGATGAGGCAGTTGC 466
SerE-R TGGTCACAGTGTTCACAACG

I1S30 rpL-F AAGTGCTGGTCCAACTGGTG 479
MEFS-R CTAGGTGGTGCAATTGGTGT

RERGFRWA S TAARYE (8 mg/L) $1
PSR b, SfE Xt LEV i 25 i B35 1,
PCR A& 1] 1fi 75 8 #1 ICE #%.0Je4 . ICE Ffill )
KGNS attL . attR 5355 14 gtfB-F Fl repA-R |
SerE-F2 Fl nudiX-R Kl , #E#% PCR FHEDF .

2 4R
2.1 ICESagl535 B AL

ZHEYIE B AT AR, ICESagl1535 fi
F WC1535 R4 B (305 577~379 694 bp) 4L,
2K 74 118 bp, & 73 MEHMMEENF, GC
R 38%, DX I F LR AL AR B Y 36%.
ICE #: 5 4%.0 00 B Conjrysysy FE IR ST 42
G (81, RAEE LB KR 3T,
24 26.1 kb, i ICE 2K 19 37.3 %. ICE 1y 3'-K
Uit A 3 A~ [F) 1) HR IR 1) 22 2 TR T, e R 2
W FARIE A (Ser;. Seryy Serg)o Al IXAFAE 54
HhIE DNA B S AR I, Aridh HS T~

HSV. A28 X BMK ) 32.5kb, &4 741IS (& 1
REHKR), B3 NE SR T EROX
AR5 T AN RESE X, AR T AR X
1) D I ~D I3 F A 22 X i) DIV~DVI (& 1),

2.2 ICE AL s

ICEs ‘¥ f# 1€ T Y- ik I i e JE R N 1,
Al g5 ICE Fr 54l B 5 JO A N i 26 5 B RS
)RR E JE TR I RR R A A TR AR OC . R A A
R, MASARALE oniT b YIJF, JF425] DNA
AR A ER T R AEK TR, Z RN
¢l I 5 ICBs & A= B X iR 3 B9 47 sSFR - anB,
ICEs ffi A 32 {4 J DR 4 s 9 A0 g o 25 457 i 40 310 oy
attL F1 attR™, *4 ICESag1535 # & A WC1535
FE A BT E WY attICE . attL . attR FFHVEEAEN
& 2 hbnic, Ho anR 5 anlCE 22 (81 i 208,
3 (G)HKE . oriT £ T Tn5252 orfl0 3 [H L 1f
AT EIE —95~—133bp B, HA R E
A5, P FNIIEL LR 2 HhET R TR
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' : N VR |
N
HMM\/ j4t>:>:>
% @—MM‘H‘]’*“@ & & &
% VDV g — T g T %. %, %
. AV A A S a5y gy 72 ¢
DIV LR bl “p bvil g2 vl

1 ICESagl535 &R =&
A H SRR Conjrysysy KR 25 MRTHEOIER, KEH K RRFEREBEESE, TAMHLRRFRAMER, ICESagl535 Hifl L~
2 ICE HIBA3 (artl) FIA (antR), HS F VR 7% 1 A48 JE A )4 N AL .
Fig.1 Schematic representation of ICESag1535

The black arrows represent 25 conserved core genes of Conjy,s,s, family, the gray arrows indicate transposases or integrases, the blank arrows mean

unknown proteins, the short vertical lines at both sides of ICE_Sag1535 mutT elements represent the start (a#tL) and the end (a#tR) of them, HS and VR

indicate the insertion positions of the variable regions.
2.3 ICESagl535 #%ibiEa Tl

ICESag1535 % #4% .0 Julh 5 B 5 DA JIH 4 4
ERE (S. pneumoniae) % %€ W45 4 JFEF Tn5252
A PRSF A% 0 s T A R, b 5B A
FRILFE A R AZ 0 oo B IV AL 73 W R 5 (T4SS)
H A IR & 4L, 4 B~ (phage lysozyme .
Prgl. TraC FI2& TrbL) WRIJEE 1 (K 1), EA]
1 2 ik 5 R 98 K ¥ TR (Agrobacterium tumefa-
ciens) Ti JURLZ A4 ) T4SS & H (VirB,. VirBs.,
VirB, Fil VirBe) DIfgAHUA", TE s B # 5 &
I B 58 S s MRS E N VirDy; #23
i A5 B /A St i Relaxase . FA SR Bh 51 2B A
MobC FIA% sth 4l B 6 11 Tn5252 Orfl0 418, 7
oriT (i B Y A 42 5] ICE KA 56517,

ICE .0t h & A 8 N RFINBEE T,
WAk, 4245 DNA fif fig Bl . 52 6 AH OC & H
RepA. DNA HEE LB H Dem, g
FREF ArsC FIRAL T BE A8 . A St
1 Abi E . DNA M54/ DnaG. 4
Jil o 2 Ak B ATPase EH, LA 25 42

AE 7R 1144 X ICESag1535 05 # ol (B 1
BEk).

24 AT EEF

51 B ICESag1535 AR .0 X HiRE, &M
D [ ~DII F% 5 ICE M2 . % .0onihryie sk
VAT R SRR OG, I AT AR X R B B
B PR B2 L AR HE T REH R . HS T 4 — Xof
AbiEi/AbiGii R -PLHREEH (B 11 DI),
T 45 ICE 2, BilbmivE"™ . DI X 4
55 ICE $AS I AT 55 32 R PR A O Ry e 1 A
XM, DI K& 5 A LR i 5 W #a 5=, nf
X EES H5HMEE G (DIV). P
i 5% (DV), i EZURHEE DD, fi7
TR ZZIX ) DVI XA T 3 4> T4SS AR H,
R A5 A 11 285 A 0 5 1 o A B RE VS A, TR K
S IE, BN ICE A, S5 BRLMR
PE kS DI REAH G (3% 2).
2.5 EFERETTEMEHEEEH DT

i F ICESag1535 1) 3'- ¥ (1Y) TSPSI &% 14
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5'-GGCCATATTGAAGAAGGAGA-3'

5'-CAGTTACTTGACATGAGG-3 ’><5’—GGGATTGTCATAATAATG—3’

mutT

g

ICESag1535 cicular

2 attL. attR. oriT 5 ICESagl535 fE E & 4H ERYIARIAL & attB
attB. attICE. attL. attR B0 s AN T ant P SUARTE T B onT AL B FR, FA T WSk FR R EE WA E, I kER
PZBiR R E DA

Fig. 2 The recognition site attB of attL, attR, oriT and ICESagl1535

The attB, attICE, attL, attR sites and the putative att sequence were indicated, the oriT site as shown as in the Fig, arrows under the sequence represent

the locations of inverted repeats, and the vertical arrows show the nick sites.

Hh R & A5 LAY ) SR TndX_transposase domain
(Bl 3), seAdddfe B 2B (resolvas). ¥4 1Ll
(invertase) . #£ -5 [ (integrase) Fl %% Ji [ (trans-
posase) LI HE, 7 DNA VIBR ARk, iH)
FA 52 1 B B HERY, Recombinase domain 7E
AR AR T 5 resolvase domain BEG H B,
TE WA AL 6 P47 252", Zn_ribbon_recom domain
FEAL 5 Sk H 2 g v R T A6 1Y Zn-binding %5
FIR, PO SRR AT, DL ICESag1535 4
41 TSPSI 4 BTifl 41, Jdid Blast 8% NCBI
BRI, KA 8 MK S Wil I 3L % sk i 1w
BRAFTE 5 ICESag1535 AL A 4552 ICE 741,
AR E B AL SEPN B, A0 BE TE A E S
21 (Lithobates catesbeiana), RV (Lates cal-

carifer) FIJE % A, EA14M5 R TSPSI JLTF
St AR (B 4), HfiAN S A2TA mueT B,
FARPIFE R PR ICESagl535 B 7E2ERIE
Bl 431 o

WIS AH RIS ALY 1S ] 41 8 A G e 1
X} e 7E Hi B i) DNA E 1755 8™, ICESag1535
AR AL 7 AN IS Joff, B 3 N A RLEL e
T (1), 43918 2 A%t HEFI ) 1S3 e e
() A1 PR 2R B 3 A A FESE D TRIBR X, 2 X 1)
HEF Y 1S982 3% [] v ] S & 1 22 4~ R i ATE
Abi FEHAW, 2 A [A] e HEF Y 1S630 Je 5 B 1 R
L WA A TE 19982 B G HEF N . 43 ir IS 1Y
Stk I, A 1S3 FIAEAS 1S630 B HA §5 3
X R A - RE 1, 1S3 R 1S630 Hi 2 A4
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*2 AIEXETEEARINEE
Tab.2 Function of proteins in variable regions
DifgsrIX REAH® FEHIRE
functional area proteins description function
DI ADbIEii/ AbiGii B8 1 Kk YERF ICE #35E, Biibbidk
DII BHER K BM S PN B A
LPXTG i€ & H
WA IS E CelD
DIII FADW I ALIT i Z 58 EJE S R AT
Frhodanese & 45 #4355
2 U e TR T IR T
A SE AL g
DIV AcRE TR ERA WE R C7 Ak 5iig
ThiF 5 7 7% i
LR R 3 B I T
BB o R PR
DV ABCHHZATPHREEA ABC ¥ itiaks 5 R0
ABCH:Z B 1L/
ABCHIGATPE & 1
ATPYBE R H
CAAX BB E A, Abi
DVI AAA-10 ATPYEEEH H T4SS FVEE M, 435VirB,. VirBg #l VirB, [FJ5
O AL R AT
Wk T A S TR Tl
DV Cna BAUR SR 465 8 N B A T e 12
ABCHbE A
ABC DREH
ABCH1ZiE
1 250 500 750 1 000 1250 1500
e D
SR TndX %% P it} HANG B E SRk
SR_TndX_transposase recombinase  Zn_ribbon_recom
Ser, Int —— D — G-
SR TndX #% i A B
SR_TndX_transposase recombinase
Sery; [N cm——————————
SR TndX #% Pt LN LR T 4 R
SR TndX transposase recombinase Zn_ribbon_recom
e TNt e e S e
3 ZHRRASRESESN
Fig. 3 The conserve domains distribution in the triplet of site-specific serine recombinases
TCABERRE S agalactiae WC1535 (JEF' F et O. niloticus, 1 [E)
TCHEEERE S, agalactiae STIR-CD-21 (M4 L. catesbeiana, FE[H)
TCAEERRE S, agalactiae STIR-CD-22 (JEB' F' et O. niloticus, 3 [F)
THEEERR S agalactiae KKN 3/1(L) JEZ B HEM O, niloticus, HA)
100 AR S. agalactiae FNAOT (JEB Bt O. niloticus, 7% )
TCAFERRR S agalactiae 14-107 (JEP' B AEf O. niloticus, INFEK)
TCFEEEKE S, agalactiae SBVN (R L. calcarifer, #iFd)
TCABERRE S agalactiae 3896VN (R B O. niloticus, )
TAEEERE S, agalactiae ENCO6 (JEZ BHEf 0. niloticus, 7% [H)
FEEEERTE S suis TI5S (& Sus scrofa, H1E)
FEREERTE S, suis 20091101-1 (B S. scrofa, 1)
—_—
0.020
4 ZHERLEREABNARZLEIN
Fig. 4 Phylogenetic analysis of the triplet of site-specific serine integrases
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ORF #itk (ORFA il ORFB) 4141, ORFB %f%
{3 & AHXF ORFA 735l A (=1 bp) Al (+1 bp) 11
PR HRAE, M5 B IIG B, ORFB kAR F
{b#%05, i ORFA Fil ORFB 4b T[] — Bl iAE
el & & ORFAB, B HAT T 1 i i I3 il
B3, 7 18982 & A% AN 3'3m 1) 1S982 HA
EEVETE 1. AN, 7ANIS TR C-un ' B
DDE $REE KL, TSPSI FI £ 5 4 4 e T 14 [l
BHAEAE AT A5 ICE T B Z R K R ML

2.6 1CESagl535 R ML

Tn5252 244 BR A i fc o Bl 8 1 4 5 U A
JEF, BeJE, ARFSRIEA Conjrys)s, K ICEs A
Wr g 16>, ICESa2603 FK ji% ICEs LA A JCFL 5%
BRTE Bk 2603V/R Zitith (1) ICE_Sag2603_rplL Fft:
2, BHA 30 EHERH (K5, ICESa2603 iR
o, WA KEFH LR, J&T Conjrysis:
REE M, ICE SsuTl5 mutT 3K F 5% BR #
T15%, HR4 AbiEii/AbiGii [, 5 ICESagl535
gt = FRIE 2 AR A AR ICEs 541
., ICESag1535 Fil ICE_SsuT15 mutT #B%5E H
2% ICESa2603 %I ICEs™, #4120 A Conjrysosy
B, SR SRR Y ICEs FE1E T2 M- N,
Hat Ry, AR R HhE

2.7 ICESagl53s X E& LAk E F 1Y
Lol

87 HRP R mIR LA Rk, AA

Tn5252

ICESag1535 #.0 oo : B B R 3 78 ¥k, 43 3K
2014—2016 4FUREERY 26 £k, 2020—2021 WdE
1) 52 Bk, O JolE Ry R 500k 78.8% F
96.3%., TFET A EA ICEs #%.0 T 1k
[RIE K Y Serpye. Ser;. Sery, Fil Serp BIA 76 ¥k,
2 BRELA ICE Bb Jo 4 B B8 R AR K Y Serve s
AT REH FH A S 7 () 2 il

2.8 ICESagl535 7K F4£ 500 5E

HR 5 20 P 3R T S 2 AN R], e L e ek
F A AR I R . WC1535 8 Ta I g
B, cpsG G WY 34 77 W) 272 bp, T Sagl58
FHMA N ER, cpsG-3 P14 =¥k 352 bp, il
i A S0 B I 3R A5S ICESag1535 %% A Sagl58
{4 4 F Sagl58::ICESagl535, Bl antICE ¥
DE] T FRRR HE A (] 6).

A4 ICESag1535 i ATEZ IR Sagl58
FEHH mueT W, WP ERES T anl
attICE i 5.5 WC1535 52 MA, B7E anR
(A0 8 R rh %2 1L 1537 bp (936 A TC A 1830 £
F Sery Z 1M J5 (+3 bp) Ab, FHMEAH AL
HI 14bp FHDE M E R, 43007 T 1S30 P i
(F 6-), HXt&PLAE WC1535 F1 Sagl58 FKH 4
A B AEAE S 1S30 SEA AR HE L,

3 Wik

2% ICESa2603 X ji% 1) ICEs #% K= i iE ,
Hify Conjrysrsy B4EAICIF, AT EABEFIYHL,

Jili A Bk 20000

S. pneumoniae
(48559bp) %
ICESa2603 &
TFLBERR A

S. agalactiae
(54792bp) =
ICE_Sag1535 mutT 'S

40 000" 60 000"

KIS (R
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Fig. 5 Schematic diagram of the ICESag1535 and linear DNA comparison

Schematic, but to scale, representation of ICESag1535 and linear DNA comparison against ICESa2603 from S. agalactiae 2603V/R and fragments of

Tn5252 from S. pneumoniae and ICE_SsuT15 mutT from S. suis T15 strain. The 25 conserved core genes of the Conjr,s,5, family are indicated by black

and dark gray arrows, green arrow indicate antibiotic gene, blue arrows indicate homologous genes, homologous regions are shaded in gray.
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Fig. 6 Confirmation of conjugant

(a) identification the integration site astL and attR, 1, 3. conjugant, 2, 4. Sag158. (b) detection of the covalent circular intermediate of ICE, 1, 2. conjug-

ant, 3. Sagl58. (c)-(e) identification serotype genes of cpsG-3, cpsG and cpsL, respectively, 1. conjugant, 2. WC1535, 3. Sagl58. (f) the inserted

sequence of attR. The black arrow is gene Sery, the blue rectangle representation of inserted sequence.
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Bioinformatic characteristics, excision/cyclization activities and
prevalence of an ICE element, ICESag1535, in
Streptococcus agalactiae isolated from fish
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Abstract: With the exponential expansion of sequenced complete streptococcal genomes, numerous integrative and conjugat-

ive elements (ICEs) have been identified. However, the characteristics of ICEs in Streptococci spp. of aquatic animal origin

remain enigmatic. This study aims to analyze the bioinformatic characteristics of ICEs originating from aquatic animals, verify

their horizontal transfer capabilities, investigate the prevalence in bacteria, predict their microbial host distribution for hori-

zontal diffusion, and detect their contributions to pathogenicity of host bacteria. Integrated genomic approaches were employed

to systematically characterize the structural-functional attributes and epidemiological distribution of ICEs, complemented by in

vitro functional assays to validate their horizontal gene transfer capacity and molecular mechanisms. A complete ICE element
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was identified in strain WCI1535 isolated from Oreochromis niloticus, named ICE Sagl535 mutT (abbreviation as
ICESag1535). The bioinformatic characteristics of ICEs were analyzed, including their conjugation modules, recombinase com-
position, variable region function, and ICE homology. ICESag1535 belongs to the ICESa2603 family-like ICEs, with a length
of approximately 74.1 kb, encoding 73 genes. It contains 25 core mobile genes of the Conjr,s»5, superfamily that form the back-
bone of conjugant modules. The conserved backbone region of ICESag1535 includes 5 foreign gene insertion hotspots (HS),
and a variable region (VR) containing 7 transposable insertion elements (IS), forming 3 complex transposons. These HS and
VR can be divided into 7 major functional regions involved in the ICE functions, such as regulation of ICE stability, conjuga-
tion coupling, material transmembrane transportation, stress regulation, bacteriocin synthesis and export, integrative and con-
jugative evolution, host adhesion. Additionally, the 3'-terminal of ICESag1535 consists of three structurally similar tandem site-
specific serine integrases (TSPSI). Cluster analysis of TSPSI revealed that S. agalactiae isolated from Oreochromis niloticus,
Lithobates catesbeiana and Lates calcarifer share identical TSPSIs within ICESa2603-like ICEs distributed in the Northern
hemisphere aquatic ecosystem. Homology analysis of ICEs indicated that the conserved conjugational transfer backbone of
ICESa2603-like ICEs, encoded by human, pig, and fish isolates, is homologous to Conjr,sys, conjugant modules and has the
ability to spread across species. The prevalence of ICESa2603-like ICEs in S. agalactiae from Oreochromis niloticus in Guang-
dong province was detected by PCR. The rate of ICE-carrying bacteria increased from 78.8% in isolates from 2014 to 2016
t0 96.3% isolated from 2020 to 2021, indicating an upward trend. Conjugation experiments verified that ICE Sag1535 can
excise itself from the genome, cyclize, self-transfer, and inserted into the recipient bacterium, Sagl58. The attL, attR, attB, and
oriT sites were characterized. After ICE integration into Sagl58, the IS30 element was detected between the TSPSI and a#fR
sites. ICESag1535, identified in this study, is a complete ICE element with self-excision and cyclization activities and cross-
species conjugal transfer capability. The variable region contains a variety of complex transposons, leading to the formation of
multiple horizontal transfer mechanisms and increasing prevalence diversity. Due to the recruitment specialty of IS elements,
the variable region of ICEs exhibits open-ended evolution, conferring the host microbe with increased potential for pathogeni-
city and dissemination. This research holds significant implications for microbial safety, biological evolution, and genetic
resources research.

Key words: Oreochromis niloticus; Streptococcus agalactiae; ICE_Sag1535 mutT; Conjr,sys, conjugation modules; triplet of
site-specific serine integrases; horizontal genes transfer; spread across species; open-ended evolution
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