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WEFIAENEEFE T E. EREANRE LB T & (Trachipleistophora hominis) 3 F 4 7 %5 % 2| 9 4~ MITEs X ik
ThME1~ThME9, 3t 123 4~ # Il ,MITEs # & F 45 k & 3 /N F 600 bp, R % fr & & £ )7 7] (Target site duplication,
TSD) B & [, % ThMEL )2 E F Tcl/Mariner # % #% , ThME2 #2 ThME3 )2 & F PIF/Harbinger # % j& , ThMES #n
ThMES6 7 & T CACTA B Xk (B X kW 4 FRAEREF, TR . XA XKPA I H Xk, 2 MAA AKE LR F R+
WP H MITEs Rkt S A 9N T 0.5 MITEs R R E A B R A E MWk . FA TR A REXRA L #
B, NAEEHFHE MITEs Rk ELEHA NN FEITE 0~800 FHEN. M EXAFENELEA P ZHAN, LA
BRI, FLA2 AN MITEs HEFHNFENHEZHIEHREAR, FRERE A - S HARTMA T = MITEs # E 71y
IR EET Ea,

KPR MAB TR ALEEHT £ ;MITEs; &£ H 45 4 EF

HE S ES:QI33 XHFRE R A XEHE:1672-6693(2016)05-0012-06

AU J In] 85 & ¥ JBE T 44 (Miniature inverted-repeat transposable elements, MITEs) & —28# M WAk A &
DNA # 5, e BORAEXN EK Waxy FEP KRB A58 &0, Z 5 B 58 R B MITEs % )i 5 712 19 40 1i
FTEZAEY I FE AP, G KF (Oryza sativa) P # IF (Arabidopsis thaliana) M F (Culicidae) . K %
(Bombyx mori) . ANZ(Homo .sapien.s)%ﬁﬁﬁi%“m . MITEs % ¥ B A5 DNA %% s 1 B3 i 5K viig Bz [m) 55 &2
JF %1 (Terminal inverted repeats, TIR) FI#0 L 5 5 & ¥ 41 (Target site duplication, TSD)Z5#); & & AT, EA
WEEIE B RS M B RE T ) S BE 505 VT 600 bp) s AT 45 DU s AN HL A g i 3 Js il 9y g 07 . KO
¥ 25 MITEs f [7] T4 A 2 3 B P sl 56 B B[R] B 38 45 UE 8 % 38 MITEs J7 81 9 38 & 47 28 1k %5 11 1 1§
poly (A" s MITEs F & nl BEAL & — L REuR I8 42 77 41] , DA 412 i 56 PR 63507 ) MITEs JIr 75 IX 38 ] g % SR B
BN RNA 5 R k1, [, MITESs % J38 - (8 7% JA2 R4 38 23 5% 0 5 DR 2 1) /N AR (i) 5 81 78 g o o ik
AL S B 28D . B9 &K B, MITESs % B A DUAE b i 44 T 5 05 cargo Fe R TEBEHRE (Saccharom y-
ces) PHEAT IR

A B (Microsporidia) J& — 28 L VE 35 A= T 4 M 9 09 S0 40 il A A B R A R 2 P R e s Je N2
MIBORRE IR Z — . 1996 4F Yachnis 55 A DA G2 il g 75 A 10 B8 LA O L b 43 B9 380 — BRHT 19 378 - 5L, O i
Z N NEE LW T R (Trachipleistophora hominis) , 5HMGLA T HAH L NAE M7 RBEAE L5 F R E 1Y
B HE A SRR . B, B A AT RERE T Ky — ol A A5 A 2R G o F 5 AN B P A 2R YL 2012 4F Heinz
SN2 g2 file o R T 2 B ORI R A B0 TN I R A SE AL T A & B A O R A R A AR
5% -, 41 LTR Non-L TR, Helitron, PiggyBac % , il MITEs % J& ) & VAR 8 . 76t B A {E R
H Nosema J& Al F drh %5 5 8] MITEs #% e 7, R, A6 58 58 T MITEs %% J (1 25 #3 5 AF i
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1.1 #¥ERiR

NS s A FE N 20 7 51 R 4% 1 NCBI 9 Genbank 4 % (JH993832. 1),
1.2 MITEs % EFHETE

KT 4548 R 19 MITEs-Hunter F4 X NS S8 F b 19 MITEs # 7 347 2 5L N4l %508 . 3K
P28 8y TIR KEEJEHE R 5~50 bp, S5 FC O AEHCA & T 15 TSD KB HIN 2~12 bp; MITEs &2 K/ T
600 bp; Jf-XF % % 4R45 195 6 MITEs #6471 A T3 b A~ K 36 3o v TIR F1 TSD 541 .

B4 MITEs FK G ) —E0H: 7 51 (Consensus sequence) YE N [0 3] 7 51, b JH Blast 2% 5 A& & 1@ 7 1
FEH A AT R G H A g Perl JAAS R 7P X Lk 285 5 0 35 , 4R 75 4% 17 W2 7 55 B F 80 %0 LA I A ARLPE#E 90 %6 1Y
EFH ., B RA S TIR A TSD B MITEs 5815 X 52 852 01, 75 W BN B Beds I,

1.3 MITEs EFHEERESA LWEM

I g Perl JVASHR 7K BT A (19 MITEs §% 8 195 D1g 00 31 5 DA o 8 A4~ 356 DR 2 43 Jhy 5 DR DG B X
K] ) 8 DX 70 90 4 6 PR 6 066 IX A0 45 .« R BR B5 S F [3i% 300 bp (53 X)) , 2% IE %A% T il 300 bp (33 X)) F1 /&
FA 20 A X H At U] SRy 356 PR B X, 920 3 B 71 MITEs %% J8 9% 76 A [R) IX 385 Y (R 450K

X} BE A 2R F 7E 2 R 4 e BE AL AR 2 000 4~ 600 bp AR B B A4~ 600 bp 751 B S (B % MITEs ffi A i
R N 90 R DR 2 A B AT bR A5 2 B ATL A A A A A5 TR DR 2 AN T DX 0 A A G
1.4 B3l 4o#

i3 mfoldChttp://mfold. rna. albany. edu/? q=mfold) 7 £ & {43 MM 44 MITEs 55— 8UF 51 1)
HHBER 9254 . i MUSCLE #4443 5l 2 & 7 51 L 4 R4~ MITEs % B8 F 506 T A i 61 2 5 v
DAMBE™ B Az s —BUTF 41, IR B 1158 MITEs 580 1 A 550 R 5 22 %68 g 19— 805 510 09 40 A K fe i
AR T=K/2r” R BAEGAZAT TRAS Bl FR r=1.56 X 10 °) W 4H A BF [, it WEGO 78
R (http://wego. genomics. org. cn/cgi-bin/wego/index. pD) ™ % MITEs ¥ Ji 1 GBI N #E 4T GO 1R,

2 BERGSH

2.1 ANEBELEHWFH MITEs RE LT FFESH

FTF MITEs % J& 1 (9 25 45 48, F) Ff MITEs-Hunter #8005, 7E NS B M PRSI HF A b K E 5 9 4
MITEs &K %8 (ThME1~ThME9) , #t 123 I # 01, A FE R S5 R AE RN 43 28k 1 s, ARE H i+ =t
MITEs ZGH) AT SR T 50% , R ANILEEH M+ 2 A MITEs #EFW2E S AT 9. MITEs #% B8
KB /NF 600 bp, ST ABFFEHGE — 3 L MHZ IR AE Sk T 8 SO 3 5k Je , oA ) 5% 8 H Bk
FEREL R, R ABFSE & ST b A MITEs 50 035 45 0 A e (A B/ T 0(F 1), %W
MITEs FK G HAT I 1 Z G 4516 A 68 , T REAT I T 1% S I 7 e

F1 ASELRFHRLSEEMA MITEs Kk ST

Tab.1 The feature of MITEs families in the T. hominis genome

P33 TSD TIR KB /bp AT &H/% U —AG/(keal » mol™") e
ThME1 TA TTGTCGTA 261~319 59.9 7(5) 73.7 Tcl/Mariner
ThME2 TAA CCAAG 100~101 59. 2 4(4) 21.5 PIF/Harbinger
ThME3 TAA TTGTTG 60~72 72.9 41(34) 7.9 PIF/Harbinger
ThME4 3 bp TCATGAAA 161~167 67. 1 44 27.7 Unknown
ThME5 4 bp TCCAA 102~103 54. 4 9(9) 18.6 CACTA
ThMES6 4 bp ATTGTTGA 101~127 71. 4 21(10) 17.6 CACTA
ThME7 5 bp TGTCAT 94~110 67 12(4) 20.7 Unknown
ThMES 5 bp TGTTGG 89~90 70. 8 7(7) 12.1 Unknown
ThMEY 5 bp TGTTGGCC 89 61.8 18(18) 15. 9 Unknown

T < 75 DL — 5 B9 45 5 1A O 52 4 7 DL AR
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A TSD FAE 8 NS B9 1 b 2 %5 39 MITEs 587 43 5104 3 © 81 19 %% 38 7 # % % PIF/Harbin-
ger'™ [ Tcl/Mariner™" il CACTA du 3% 4 8 F % 7 & 19 W 9k & X Unknown (A& %), H e PIF/Harbinger
M ALFE ThME2 F1 ThME3 P4~ K%, 1 B # WL 8l £, 35 8 1 45 4>, ThME2 1 ThME3 % TSD %
TAAAREATHY TIR F1PYHE 7 50 #B B A7 AU 1 7R © ] T 8 #0 U8 1 A () 19 4L 58 20 ply (] — 28 % e il 10 553 %
Ji . ARl MITEs 8K AE TSD.TIR F P38 P 51 #5354 H1BL 1 32 0 B AT 0 A5 R[] (4 a2k A e T =K
2.2 N\SELHEFH MITEs KA\ B & &3

R MITESs 206 9938 15 91 19 43 46 B SR Al 1 F 44~ MITEs K& AR E (& 1D, 458 EWAE
WA BT A MITEs % 46 A B 8] 20 43 78 0~ 800 71 10x 106
. ThME3 KRZTE 300 J74F P & A i 4 & U8 1, B 8 10° - -
DA B30T S B [ P i 2 0 5 DRI 18 1 b F i 5 —
5 O UK. RN o IR UL X R B A 610 ¢
T Hf ) MITEs J7 81 76 H At 3 6 1 Hrb &8 I8 116 7 51 4x10°
F Wk — MITEs # J& 7 (946 A R BE7E S 5 i 5% 108 -
HAol el 7 AL Z 5
2.3 NEELERFHP MITEs HREFEEFRAHRHEAN

Il A ] /4F

0

hMEG6
ThME7 |

ThMES |

ThMEI |

ThME2

ThME3

ThME4 |
ThMES

ThME9

RIFHE =

it E 123 4 MITEs # 076 3 R 41 b i 52 . % 3 MITESSS)
31 A (25U BT TR X (32 2), Horh 28 4~ (22.8%) B ASEERFRERAHRRRE MITEs Kk
¥ LA T S5 R 300 bp LA A9 IK 5L, 2 4~ (1. 6%) #% I T\ B B fr ot

Fig.1 Estimation of evolutionary time of the MITEs

(3L P . AL A R o R 2 B R L SR A
TR X ) MITEs % i 7 5 %) B4 G 8 3% M 2 5
(" K5, p=>0.05), 7R 78 N8 3 960 1 B 3L [
Zl MITEs ¥ J + 3 3 A I 10 T 16 A 21 38 ] X
A fig 0 B HLAE A S 3L R 4

KT RS ML A E A MITEs 5% T /& 75 i

families in the T. hominis genome

x2 MITEs REFEASEERTHERATENYSH

Tab. 2 The distribution of MITEs copies in the T. hominis genome

KK ¥ I8 5'UFIX G X 3" FIX

. . o ThME1 7 1 1 —
] F 4 A B — 2 R 5k 19 3t A &%, A 5T X Al M \ X
MITEs BB IE R #H 17 GO FERBRZE(E 2), 45 o
. ThME 1 1 -
SR AU AT R BTAT A b MITES oo ! ’
s s ThME4 4 - _ _
B R I VA X R R L R R 1 47 A LA B
ThME5 9 — — 4
3 i ThMES$ 21 — — 3
_ ThME7? 12 2 — 2
IEER MITES 606 7k S fae B - B
BLLRIBFE &I & T Z M0 Fn 7 vk ok I FE R 4 vh TRMES s B B ;
o7 MITEs. (LML 9 MITES Hunter RSPE ‘ﬁ”r‘ 123 7(5.7%) 2(1.6%)  21(17.1%)
MITEs Digger ™ % . W W55 % W], MITEs Hunter T . o
POl 2000 222(11.1%) 680(34%)  179(8.95%)

J& HATAH R 858 182 9 — A~ %22 MITESs ¥ % 1Y
BOPE2 PR ASHIT S T 45 MR AE (1] MITEs-
Hunter #/F, IR A NE E A FRERA D EAIIFLEE T 94 MITEs #8750, BT X fm A i
i MITEs %% & T B A7 35 [/ 09 45 M 50 AF L AR OF 58 4K 3% TSD 45 A 455X 28 MITEs % J 7 9 J& F PIF/Harbinger,
Tcl/Mariner Fl CACTA SR . X AT 45 19 MITEs S0 0948 A (B 2EAT Al 31, A8 g 7
A MITEs 85 H36 A B3] 5346 46 0~800 JT4E 7

GEHT MITEs % i 75 1 D5 2 o i1 43 A5 1 B0 I & 30 NS U 7 sorh MITEs # )4 50 %A R B 6 A
it Ty 4 17 2 B AL A B B DS AL N iR S L IR O . R B R B MITEs 6 J9 76 B R N L 370 35 DX 54 3 X 4
A 53 A X — S AE AR AT R B, A 2 A MITESs % B A F 56 8 4 5 X B (3% 2) I8 4 %3 MITEs
Bl R 1 AR A B X A0 A /0 ) T PR AT R S vl T MITEs $7i A S B DX S8 38 3 2705 R B8 i 28 748, 3k i 5 3

T < 5 P AT 45 5 BB R R A8 SR B Y L
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DR 0 5 R 0k, oA 77 R R R 2 A 1 S R DR S B 1 L i 86 MITTEs % Ji - £ 378 4k Dy A% v 25 9k 4l £ 358 496 265 195 B 4
JEHTRIRE ST R WK ZH MITEs N ERIF 51423 poly (AMF 5 . T LU A B3 [ 114 3" 3 1T 158 2 e 3 PR 98] 42 R St 24
IR BN RIS . AR S R AR NS U A 21 > MITEs 8% 8 70 T 3 il 32 X (3% 2), ix st
MITEs X} 48 Iz 5 P ) 2 1K 2 15 B AT I8 12 (9 45 71 473 15 8 08 22 1) S 0 B0 di S 4+6
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Fig. 2 The GO annotation of the genes harboring MITE elements in the T. hominis

RGBT 4S5 91 T 9 A MITES 500 T 16 5 R W11 (Nosema bom yeis) N B et
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B FEE K20 KON IR HHA G . e Ah, LB T N A 1 e A AR B 1 dU iy MITEs %791, 5F
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Animal Sciences

Characterization and Genomic Evolution of MITEs in Microsporidian Trachipleistophora hominis

LIU Lu', HE Qiang®, CHEN Shiliang®, ZHANG Xiaoyan', ZHOU Zeyang', XU Jinshan'
(1. School of life sciences, Chongqing Normal University, Chongqging 401331
2. State Key Laboratory of Silkworm Genome Biology, Southwest University, Chongqing 400716 ;

3. Sericultural and Apicultural Institute, Yunnan Academy of Agricultural Sciences, Mengzi Yunnan 661101, China)
Abstract: Up to now, there was still no report of MITEs in the microsporidia species except for the Nosema species. Nine MITEs
family, designated as ThME1 ~ThME9 in this study, were firstly identified in Trachipleistophora hominis genome by means of
computer methods. As a consequence, a total of 123 MITEs copies derived from these families were targeted and the length of them
was less than 600 bp. According to the feature of TSD, ThME1 was attributed to Tcl/Mariner superfamily, ThME2 and ThME3
were attributed to PIF/Harbinger superfamily, ThME5 and ThME6 were attributed to CACTA superfamily, and the rest were de-
fined as unknown. The analysis of sequence structure showed that the free energy of all MITEs families in T. hominis genome was
less than 0, indicating that MITEs family should have the potential to form secondary structures and benefit to its transposition.
The evolution time of MITEs insertion in the genome was estimated to be no more than 8 million years. No bias distributions were
found for the MITEs in the genome of T. hominis. two of which were inserted into the protein-coding region, which may have affect
on the gene structure. Our results laid the foundation to further study the origin and the function of MITEs transposons in microspo-
ridia species.

Key words: microsporidia; Trachipleistophora hominis; MITEs; genome; transposon
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