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Distribution and structural characteristics of Y1 transposase associated
transposons in Escherichia coli and Salmonella enterica genomes
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Abstract; Y1 is a transposase that contains one tyrosine in its catalytic center, and it is capable of cleaving and
ligating single —stranded DNA. Yl-associated transposons ( Y1ATs) are widely distributed among prokaryotes. To
explore the systematic evolutionary characteristics of Y1ATs in the genomes of two bacterial strains, Escherichia coli
(E. coli) and Salmonella enterica (S. ente), which is done by mining and analyzing Y1ATs using the Hmmsearch
program. The results indicate that Y1ATs are widely distributed in 96.84% of the E. coli genome and 80.4% of the S.
ente genome. Based on sequence alignment and protein structure domain prediction, Y1ATs are classified into 10
classes, all belonging to the 1S200/IS605 superfamily, with 11 645 belonging to the IS200 family and 4, 811
belonging to the IS605 family. The 1S200 family is widely distributed in the S. ente genome (72.24%), while the
IS605 family is highly distributed in the E. coli genome (89.38% ). The number of IS200 copies and intact copies are
significantly higher than that of IS605. The IS200 family has only one Y1 transposase coding region, while the IS605
family has two open reading frames, encoding Y1 transposase and TnpB protein, respectively. The amino acid
sequence of Y1 in the IS200 family is highly conserved (95.3%). In contrast, Y1 and TnpB in the I1S605 family

exhibit genetic diversity, which can provide significant insights into the genetic evolutionary pattern of transposons
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among prokaryotes. The IS200 family containing a highly conserves Y1 transposase with a high proportion of intact

copies suggests that this type of transposon may have transpositional activity. Exploring its activity could be beneficial

in developing novel and efficient transposon-mediated gene editing tools.
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H NR(FETUAR) P41, W EE ISfinder ( https : //www—is.
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Pk > 80%, I 3k 7+ A & P 5 /1y CDS ¥ 41, 1
Hmmsearch #PFHARHEACSR CDS Fr oW 5 3545 E.
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e
1.2 BNFF AR
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JE T 0 T HEA T AR RS AR B S0 bp LA
WF5E AR AL 5 S MFE P HUAFAE o XT38 70 A
FAIARRETE ISfinder b 4R 3 1187 1 0 5% )88 -, 1
F Hmmscan R % ( https : //www. ebi. ac. uk/Tools/
hmmer/search/hmmscan ) X H3E (A g5 8317 507
DA E H 326 0 5 P 5T BRISERE (orf) TG Y1 [A] Y4
P, W% 5% 781 HA SR LE RE HAEWS 4 i
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100 aa LA [ %6 )38 g 1) 5 91 40 8y 5¢ 8 5 i 5~ (15605
i TnpA>100 aa, TnpB>300 aa) ,
1.3 HETEHTNS LS
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vl (https ; //www. bioinformatics. nl/emboss — explorer )
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(Y1ATs) 434 T 2 389 PNIER 4 (5 H 96.84%) ,
Hr 59 52 8 (8 Y1ATs 5 55.62%; 76 1 495 4>

S. enteER A AR 8 316 % YIATs JF41, 431
T 1202 NEEKH (A 80.4%) , 5 ¥ 41 5 L
iK93.13% (% 1), YIATs 7E E. coli W 1Y & HEWE 55
FS. ente,fﬂ?’f S. ente 1) 52 A HG G A = T E.
coli, WA, FHXTTF E. coli, YIATs 7F S. ente F:R42H
HEERERNEIE(EL),
2.2 YI1ATs fE E. coli ¥0 S. ente PO L KT E

EZ Lo B

AL ISfinder € 33 &7 51 ELXT, LA & Hmmscan
W 8 A A sk T, BB AE Y1 M T8 ), 1
E. colifil S. ente FLUEE R T 10 25 Y1ATs, ¥jE T
1S200/1S605 #8 %K %, 2 25 A 18200 ( 1S200C Al
I1S200F), 6 25 K 1S605 ( 1S609, ISEc46, 1SEcA1,
1SSen6,ISEc44 1 1SKpn69) , Hirfr 7 Fh & 47 52 44 ¥%
UL (E. coli "By 1S200C, 1S609, ISEc46, ISEc44,
ISEc41 L] S. ente™11#) 1S200F ,1SSen6) , 1 Fh A A 5%
Bk D1 (1SKpn69) , 845 Bi2E 7 FI7E 1SFinder H 1
AR, (A AE R A A 3 B (R 91— 35k B
TE 2500 bp 24, HARFE 1Sfinder M3 4 Blast Hb Xt
HRoME LR 2 L [RE P51 {H 38 3 Hmmscan 3 1) £
FIAIHIT, S X AN A 04 SRR AL 5 Y1 6 A6 Tl
ISEc94 A7 —~ 165 aa I Y1 & F1—1> 458 aa Y
FIhA ZJ58E 1, 11 1SEc95 £33 —> 200 aa B Y1,
Y2 Fil BB I 343 aa 19 dipZ FEEHA ., FIL
WX AN SBE B 7 51 H 2 A Y1 R AR
1) AR 1Sfinder 1) 44 B WPKE oAy 44 8 1SEC94 il
ISEC95 , ¥ DL 90k 466 F1 21, i T W 2247 K i
FEH M AN MELL A S A e DL,

K1 E. coli T S. ente 11 Y1ATs B F LR

Table 1 Distribution overview of Y1ATs in E. coli and S. ente

. YIATs SEHE Y1ATs . T Y1ATs (1 BB 2H Y1ATs 2 H 4
) " . FER AL " " "
N N/ % B K K % YIATs #5 D14k P DAL
E. coli 8 645 4 808/55.62 2 467 2 389/96.84 1-31 3.62
S. ente 8 316 7 745/93.13 1 495 1 202/80.40 1-43 6.92

ST RS Y1 583845 DL 1S200 F1 1S605 % )ik
T, RITE E. coli 1 2 467 AFER 4L rh 89.38% 1) 3k
[RI4H A 18605 ,33.04% 19 35 R 2H £ 15200, 642 1~
FEPH 20 St [F] A AR 19200 F1 1S605 % JE T (Bl 1
(a)). E. coli SEHFHPAFAE 4 T 15605 #5118
BIHA(K 1(b)), TE S. ente A1 495 FE K 2 rhr |
18200 AYSE AL (7 LIk B 72.24% , % 1S605 (1) 3
B2 7 20.27%, 195 4~ 5 K 4 [R] B+ A7 78 15200 A1
1S605 #5HEF(El 1(¢)) o

St Hr 19200 F1 1S605 7E E. coli Fl S. ente %
PRIZH v 1) 3498 DL, 25 R an 1A 2 BT, 15200 1Y 3

[RI 40 P% D1 & 2% 1 T 18605, 1S200 7E S. ente FE. coli
FEDR 4S5 DL 43500 7.2 F104.75, 18605 FY -1
VEDUIAE 1 A4 o ARAEHE DU o A TR 0, R 15200
TEDBIE R AFTER = #5 01 (29 35) , Y1ATs fER %
B R 2 P8 DUBC R (B 3)
2.3 YI1ATs HIAAM

1S200C 1 1S200F 2=+ KZ7E 710 bp A4, ]
R Y1 55 RE ARG 3 (152 aa) (K 4(a) ), T
A1) 2 R R A NI 40 DA T 80K B 38 5] 2 287 bp,
St B N3 378 aa (3K 2) . Pis&E 4K
ZEA Vi (The left 1S end, LE) Fl45 K ¥ ( The right IS
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end, RE) , XA M SCF), Kk R FIZR 0454,
T ANJ 28 B 1S 19 2K g Sz 1) 2 &2 )7 51 (TIR ) (&l 4
(b)), 5), 1S200C 5 1S200F 2= &4 543 51
TTGT Fl TTTT , R A& A B+ AL T LE #2200 ;
AT BT 5 38 TTAT, 40 & 7ERE T LT RE
Aty MRAET A X4 SR HET 15200 3 Sty i 44
ATHEEX(E®G),

1S200 (IS200C)
173

IS605
1563

(33.04%) (89.38%)

(a) Y1ATSTEE. coliFE [KZH (¥ /3 A

(b) 4R IS605%% JHE T-1EE. coliFE R 21K 73 At

[S200 (IS200F)
885

1S605(ISSen6)
108
(20.27%)

(72.24%)

(¢) Y1ATSTES. enteBE K 4L 53 Aii

Bl 1 YIATs B2 NIE E. coli 71 S. ente EEBMDTIER
Fig.1 The distribution overview of complete YIATSs copies in

the genomes of E. coli and S. ente
T EEI RN SRS E R V1 AR FEH 4L

1S609, ISEc41 , ISEc44 | ISEc46 Fl1 1SSen6 1Y 5¢ ¥4
PEUL K 1 748-1 879 bp, W IE] 4 Y1 £ TnpB #
e TSESE s Ny n A R E = 21
4(a)), PisEsr 53k LE A RE, Y1 Z4f52Y 143 aa,
TnpB ZifiB%) 400 4~ aa, T A R4 5 EAH K17

TE A% E T35 3 220 bp, Y1 w2 Al 54 fin 2]
332 ™ aa, 1SSen6 ISEc44 5 ISEc4l =72 A
BN SRR, 239K CCAT 1 TCAA, 18609 75 A il
YIEIE 5453 5914 TTAT, TCAA ;I1SEc46 2o VI EIv 15,
435k TTAG , TCAC (£ 2) .

8

6

| n=815

[ E. coli
r [ S ente

BRI DUHCP41E
IN

(3]

n=303

]

ISEc46 ISEc44 ISEc4l IS200F ISSen6

1S200C 18609

(1S200) (IS605) (IS200) (IS605)

2 1S200 70 1S605 ¥ FEF7E M N E B K F 198 NBL &
Fig. 2 Comparison of the average copy number of IS200

and IS605 transposons in two bacterial genera

W X BT Y1ATs,Y #l/038 Y1ATs 76 20 vh 8 UL S0y Y948 5 n
FoRFER A E .

HRHE C e 3B A Y1 B 3 g AR 25 4, AT 3E
Alpha-Fold I35 2L Kz PyMol B A4%5 48 U1Ky 5 S 4
BRI 1S200C 1 IS200F #4771 Y1 % M 1 4544 1
IO IR R FEMIARE (K 4(c) 4(d)) . Y1 &%
JERERY HuH SR H H61 A1 HE3 i, 1 T4E B5 (Kl
4(c)) o MEHE ad FAY Y125 S Y1 BLERR I — TR
SPRYRE SRS L . HuH 5571 Y125 J2 TnpA 5 TIR 45
B DS, B TE AN 5, X T4 fk DNA H
BERRERR RN B E Y ES6,H63 APy
IKF5 Mn2-+ZF B, T AL 2548 TR 20 4 )
BAERN™ . H17,D60 Fl H61 fE4ER 4 @4k & 5 5 1H
WRIEEEEVER . K82 I G83 % T25FF DNA 454
BT AN RSEIY R25 A AELE Y1 55880 & A48
SARALIE 5 DNA AH B AE F, B e ] g8 2 2 A ] 2>
NS AERE AR Y1 e RRE A B IrE A I
IR 4(d)) o
24 Y170 TnpB EBH RS HAL T

{#i F§ EMBOSS explorer [% VWit EE E. coli F1°S. ente
1 1S200/1S605 ST Y1 5% e S TopB £ 11— 2L
JEE (TIPS R e 4645 DL ) Hfad Bioedit #X{411
BA—BUT SN RIARRIE, 25 R aE 7 FR ., 15200 Kk
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Y1 FHUARBIE: ik 95.3% , i BH HAE Ak ad A5 e s
PR el BE AR ST, AT ek A Rl— A 25, 15605 K
R Y1 SRR F947.92% +19.86% ( 26.8% ~90.2%) |
TopB & FFH LA A 51.42% +21.6% (25.9% ~
88.7%) BRI B G M . A, R 2 AT

1S605 75 3 K 21 o 1 77 A DA AR e 45 D1 R £, fil ]
WebLogo [WIuh£2 il 52245 D1 1S200 1 Y1 %% A& Rl— 3507
FIE 5 Logo [, HerP 1S200C 24 3 000 4%, 3t f& 4 iUk
BENZREIS200F 24 7 000 4%, P9I — 8k, R4
AR AL 8,

DI 18200 76 FE R 40 v o fir A LA S22+ DL Ry 3 g
R2 E coli F0S. ente B YIATs B TR ARK

Table 2  Classification and structural composition of Y1ATs in E. coli and S. ente

WRET ET Y1ATs ¥k A YIATs FANKE LE RE TFAHK AR
1 s omp U ARB MEBH 1S Yr TopB  WIE U1 IS Y1 TnpB
e s T Bu%  (bp) (aa) (an) B MBI (bp) (aa) (aa)
E.coli 18200 IS200C 3163 706 3869 815/33.04 709 152 — TTGT TTAT 704-2287 100-378 —
E. coli 18605  IS609 1424 2551 3975 2143/86.87 1748 143 382 TTAT TCAA 1743-3220 100-332 305-499
E. coli 18605 1ISEc46 186 10 196  190/7.70 1763 141 389 TTAG TCAC 1755-1771 102-137 335-389
E. coli 18605  ISEc4l 35 30 65 65/2.63 1841 150 401 CCAT TCAA 1828-1842 117-150 316-401
E. coli 18605 ISEc44 40 2 42 34/1.38 1879 134 401 CCAT TCAA 1740-1975 134-138 401-410
E. coli —  ISE94 — — — 466 463/18.77 2606 165 — @ — —  1810-2609 — —
E. coli —  ISE95  — — 21 8/032 2462 — @— @ — —  1652-2462  — —
E. coli 18605 ISKpn69 0 4 4 4/0.16 S — — — — —
E. coli —  other YIATs 0 7 7 7/0.28 — — — — — — — —
S.emte 15200 IS200F 7602 174 7776 1080/72.24 710 152 — TTTT TTAT 703-2 073 103-293 —
S.ente 1S605  ISSen6 143 170 313 303/20.27 1818 146 402 CCAT TCAA 1814-1857 104-143 315-402
S. ente 18605  ISEc46 0 207 207 204/13.65 @@— @— @— @ — — — — —
S. ente 18605  I1S609 0 9 9 6/0.40 SR — — — — —
S. ente —  other YIATs O 11 11 11/0.74 — — — — — — — —
RN R R IR AR L E .
10007 1500 500 T
800 f = 18200C ~1S200 400 7 — 15200f (15200)
‘
'f‘%“ ook =+ 15605 ”jg 000 15605 m\%ﬂ 300 1 ~+ ISSen6 (1S605)
=& —— ISEc46 = = v
400+ 200 1}
2 -+ ISEc41 gy 00T 1 | |
200 F 100 'V‘ 1
—— ISEc44 L
0 B
0 10 20 30 40 0 10 20 30 40 0 10 20 30 40 50
B TR A T = T =
(a) E.coli®t ¥ U1 5 #i (b) E.coli™h ¥ M /3 At () S.ente ¥ /3 A

B 3 E. coli FAS. ente 1 Y1ATs ERE¥E N5
Fig.3 Copy distribution of Y1ATs families in E. coli and S. ente
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15200

1S605

[ 15200C

| 1S200F

[ 1S609

ISEc41

ISEc44
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A
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A
81bp 401bp,134aa
A
71bp  426bp,141aa

76bp  441bp,146aa
A

1149bp,382aa

1206bp,401aa
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1170bp,389aa

1209bp,402aa
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HuA
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46bp

40bp

73bp

- —

(a) 1S200/1S6055% JFE T-45 149

101bp
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(c) IS200/ Tnp A TR [ 45 K ] (d) I1S20089InpA — FEALEE 1)

B4 1S200 70 I1S605 Kk EFLEHREE
Fig. 4 Schematic diagram illustrating the structure of the IS200 and IS605 transposon families

TE: K (o) o o BRERI B I8 -5 FHEE B By (fn i1 SR (AU3R HuH £ 2L GAURARSTRY Y125 BRIk EE.

ttttt ttgtfjcacagaaaacccccagctagg ct

>IS00CLE ttttt ttgtjcacagaaaacccccagctagg ct
GCACAGAAAACCCCCAGCTAGGCTGGGGGTTCOGGAAAGCTTICAGCTTTGAGCCAGTTATIAAAACCCCTTTTGA ttttt-—-ttgigcacagaaaacccccagctagg——ct
ttttt ttgtljcacagaaaacccccagectagg ct

TTTGTTAAAACACCTTGOGGTCTGGCAACTGCAAGTGTCAAACAAGAAATCAAAAGGGGGTCCCA ttttt - -ttgtfcacagaaaacccccagctagg-——ct
- ttttt ct

ttttt ct

INKIE ttttt ct
GICTATGGAAAACCCCCAGCTAGGCTGOGGGTTCCGGAAAGCTTTCAGCTTTAAGCCAGTTATIAAMACCCCTITTG ttttt ct
ttttt ct

ATTIGITAAAACATCTTGOGGTCTGGCAACTGCAAAAGTTCAACAAGAAATCARAAGGGGGTCCCA Lttt ot

6 15200 ¥ EF MK LE BRIFBNGLS
Fig. 6 The preferred insertion site of LE at
the left end of IS200 transposon

L BRIl 19200 B4 F IR IR A A7 B vgt S ZE M) #4705, LE
RIFHA T HHEKX.

5 IS200C.IS200F i LE IF K% % 5 ZIREH
DNA 71
Fig. 5 DNA sequence diagram of LE subterminal hairpin

and stem-loop structure of IS200C and IS200F
T W AR HCXHE U R 454 | S (R C X I ZE IR 451

~ 1S200C-Y1
IS200F-Y1
1S609-Y'1 <

(95.30%+0.00%) (a)

ISEc46-Y1 -
(47.92%+19.86%) (b) ISEc41-Y1 -
ISEc44-Y 1
ISSen6-Y1 —
IS609-TnpB =
ISEc41-TnpB -
ISEc44-TnpB —

(51.42%+21.60%) (c)
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