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1. VLA KPR AT, V175 ™8 226007,
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WE: NI AU M (Enterocytozoon hepatopenaei, EHP) M Hok ZFp B9 5r F-Aric, AWK H YIS B2F ik,
Xt R B o 4= 3L PRI 2H PSSR (simple sequence repeat, fa) B EH &2 F N A RUEE . 0 A8 SR SR BT 8T
Mr, I 5HAL 5 R IR B YA R AT T R TEAR I M R S R A AR A R B 794 4 SSR, B R
21773 bp, HFEEFE LAY 0.72%, SSR - B 27.43 bp, AIXTF K 262 loci/Mb, AHXTE5 K 7184.43 bp/Mb., 6
B SSRZEAIF, PURH R SSREUR i Z, A 5701, BN 12152 bp, & SSREKH 71.79%, K EEH 21.32 bp, 4H
XF 32 HE N 188.08 loci/Mb, AHXTEE Jy 4009.79 bp/Mb; — % HFER SSR H /b, (A 204>, BKEJ 280 bp,
SSR MEIY 2.52%, YK EEH 14 bp, AHXTFEE R 6.6 loci/Mb, AHXTEFHEE Hy 92.39 bp/Mb, H:[H2H mi#fi& (= 10)H
PRAY SSR T4 341k AACT, TTAG, TAGT, ACTA, AGTT, CTAA, AACTA, GTTA, TTAGT, TAAC, AT, #7491+
FEA/INT 20 bp I Z TR SSR it 30 4>, #4751t THFh %2 . R GO B4 FEXT & SSR ZEHiF 17 Tifig
TR, A 28 NI (3.53%) B/ FUI6E . A Wb FE S A4 43 3 28 o KU R A o 5 H b fole 96 1 He L A
Fb, SRR e SSR A H i B AR RIS o, R e AN R R/ SSR B TG . A ST Ry R A g i £
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4R JF W% il 2 (Enterocytozoon hepatopenaei,
EHP)%-@%@%@?E[M], SR JE T H # A (Fungi)
T F H T ] (Microsporidia) #£3% #] 44 (Haplophasea)
4748 H (Chytridiopsida) i g H{ Bk(Enterocytozoonidae)
i i H & (Enterocytozoon) . MF g g Hy = 2k e
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NS W O B 4 KL 4H SSR 7 a0 A K Le B o B 1399

¥ BV EE AR RE AL LA B A B 4 55 7 1R, 1
TES7 TG # )y A 2

{2 (microsatellite) B f&] ¥ 55 & J3 51 (simple
sequence repeat, SSR), H{Fk%H 5Bk # &£ 751 (short
tandem repeats, STRs), Hi 1~6 Bl Ak 55 ¢ 11 42 41
AU SSR FEELAZ A | JEA A O K 7 Y
S P R, SSR OB E A LR A,
f135 DNA & 165 010 59w el me ™, sl
/SR RE NS O S 5 Al c: I ol 2% b ]
SEARYE R . AR 2 B R DL R It I MR s A R
SSR TRt G RS . 8% R AE EE L)L YRRl
SE R SE BRI S5 7 T R A SRR, i
Z B SSR s Fhric I B R, 2Bkl L R4
SCHE DT BARME B, S R AR, SSR 5[4
WA MR EEE TR, K, s
(e R el A s % NI RN V.3 N 0= N 0 o8 - 5 |
HF A TFES, il A W15 B 2 B AR G S
HBAEHATIFFE, i SSR 4> Fhric #R 4L T 4R
Wit HAl, S ZMAREFEENA SSR Xk
1RBIRFSE, GRS BE (Laccaria bicolor)™ | BBFATR
(Tuber  melanosporum)®® Ml & %% (Lentinula
edodes)™" . SR G T AL T U] EL B A I PR 4L
SSR MWFFEEN 1 At L. 2021 AR U JHF i it e 4
DRZH 91 R A B2, (450 T i i e e £ 2
BRI, S TR A2 AR s ) OC B
e R P2 1L T 2 5% i B B U

Aut5Eic HAEYE B MERTF B, XTIRIF
o Bl A ) 4 FE R 20 P 53R4T T SSR A s A A3 AT,
XF LG T HA 5 AP AT R EL YRR Y SSR 3 A
B, RGN SSR 7E K 41 25 44 i A T 42
BETARYE, U A R S G SRR AE o A il
T i AL AN s 1% Z2 RE PRI 45 07 1) S (i B

W HFo
1 #RE5FE

1.1 EREAHERIE

R AT 7 B KL 2H (NCBI &35 GCA_02307-
9535.1) A S i =5 HEA T I e N 2%, BE A R/
4 3.03 Mb, K15 15 MESH, IR RKESHKE
4 399434 bp, N50 £ &4 230105 bp (0.23 Mb),
GC & 54 25.22% . HHEGE I+t [Hepatospora

eriocheir (NCBI &35 ASM208788v1)]. Ml 7Ht
[Enterospora canceri (NCBI 555 ASM208791v1)].
28 U4t W [Nematocida homosporus (NCBI % 5%
5 nhom_JUm1504)] . /K & il T H [Mitospo-
ridium daphnia (NCBI %55 UGP1. )| FI %R J7 %
% i 4 1 M [Nosema ceranae (NCBI % 3% 5
ASMO98816v )] FE R 415 8ok AL E EZK LY
FARAF B .0 NCBI,

1.2 SSR FHl#RE5 it

FI % 4F Krait®*!(https:/github.com/Imdu/
krait)48 2 B PR 2H i /2 LAY SSR {37 45 . SSR 1)
T EAR ME QDR - K ER Y R B T Y A A IME
WE R 10, ZETF R ITEZ B IMERE N
6, — iR H T EE BR/IMERE R 5, U
TR . AT B RN 7S %1 R e 1Y) 3 52 Bl e /M.
BEE N 4.8 H] Excel 403 F 24 FpR R 2T SSR
Bom . KESGE BTS04, #H GraphPad
Prism 9.5 2 [&] . B i e 45 2] (19 SSR I FHAK A4 4
iF) Primer 3 SR HBRIASEOR TS,

1.3 & SSR EAEM GO IheeiF &

I Blast T B8R FF 17 g He 356 R 4l v 5
SSR 3 F 5 2 1 B % GO (Gene Ontology)
PEAT HEAF(E fH<107) ., FIAH R IEH M GO Hidla )
HIXT % SSR M SE R E AT DI RB 1 R

2 ZERESW

2.1 SSR 7E4RAT A7 A B B [E 48 P A9 43 70 1
FEUF It e P 2 rp A 2 31 794 > SSR,
HEKBEEHR 21773 bp, HIEHALAY 0.72%, SSR 1V
YK EER 27.43 bp, AHXTFBEEN 262 loci/Mb, FHXT
J& 4 7184.43 bp/Mb .6 Flt SSR 28I rh | PURZHFR SSR
iz, A 5701, BN 12152 bp, i SSR &
B 71.79%, PR 21.32 bp, MHXTFEEH
188.08 loci/Mb, AHXJ# A 4009.79 bp/Mb; —#%1f
2 SSR %/l VA 20 4, BACEE N 280 bp, 5
SSR LAY 2.52%, I EA 14 bp, AXTFER
6.6 loci/Mb, FHX 1454 92.39 bp/Mb; HAYZSHAI SSR
FRIEWLER 180K SSR BRI B Sy 2280k, B
ZA%HTR SSR MYZE/ALZRA R, T LRI A sl 4
LGSR R o FERRIT A O PR 4 e B 30 475
KA/ INT 20 bp IIZ AR SSR #H1 15 19k 1(F 2).
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Tab.1 Summary of different types of SSR in the genome of Enterocytozoon hepatopenaei
KB K K /bp i /% SEBKEbp  HIXFFEEE/(loci/Mb) AT /(bp/Mb)
type counts length percent average relative abundance relative density
HTH R mononucleotide 23 250 2.9 10.87 7.59 82.49
ZHATR dinucleotide 20 280 2.52 14 6.6 92.39
= HKAFBR trinucleotide 26 432 3.27 16.62 8.58 142.55
VIR R tetranucleotide 570 12152 71.79 21.32 188.08 4009.79
FLAH R pentanucleotide 127 6385 15.99 20.28 4191 2106.86
ANHTFMR hexanucleotide 28 2274 3.53 81.21 9.24 750.35
x2 TEURAFRARE R ERERAR 30 1MEI< SSR BI514
Tab. 2 Set of primers corresponding to the 30 long SSR loci from the Enterocytozoon hepatopenaei genome

SR HRE 5P EI(5-3") R G FE(5-3")

motif repeat forward primer sequences (5'-3") reverse primer sequences (5'-3")
AATACT 25 GCTGATCCATATGCACATAAGGC CAATATGTTTGACTATGGTGATGGC
TATAT 65 ACTGCTAATGGGAGGGATGC ACACAACCTGTCCCTGAACC
AATT 5 AGCACTAAAGCTAAACAGAATTAACG TGAAGAAATACCGCAATTTTTGGG
AATTA 9 GGCAAGTCCAAAAACCAGTGG CCGGATAAACTTATGCTACTCCC
ATATT 73 CTGGGGCAGAAGAAGAGGG TTTAACCAAAAAGGAAACAGAGGC
AATAA 4 TCACTATCCATTGAATCTGCTGC AGGGAGGAAGCAAAAAGATTGG
ATATAA 38 TTTCAACCTCCTTGAGTATGCC TGTGCAACCATAGCAAAGGC
TTATA 4 CATCCACATAAAGGCGCACG GCTTCCATGTGAAATAACTGGCC
TTAT 5 GTTGCCCCACTCTATGTTTGG TGCCTTTTTCAATCTCTTTATTGCC
TAGT 5 AGGTTAGGTTAGGTAGTTTAGGTTAGG AAACCACTAACTACTACCCTAAAACC
AACT 6 ACTTAACTAACTAACCTAACCTAACCG CGGTTCGTTAGTTTAGTTTAGTTTAGG
CTT 7 ACTTCATCTTTGGTGTTGCACG TGTGTTGATGGCATGATTGATGG
TATAT 40 GTAAGGAGACTGCCACCAGG GAGCAAAAAGAGGCAGGTGC
TTGTA 46 TGCAGTTTCTACGTCACCCC ACATTGGCAGTGATCATTTGAGG
ATATA 51 CCAGTGCATCAGAAGGTGGG AGACAGACACTCTCCTTGTATTCC
AAT 7 ACAGCAGAATAGTAGGGGAGG TAGACCAGCACATGCACAGG
AAAT 6 ACATGCACCTTCATTTGAACTACC AGATCAGAACCATGTGATAGCG
TATAT 4 AGTATTGGTGTTAGTGTTATTTGTGC ACATGTCAGCAGAAGGAGGG
TATTTG 28 AGTGGTTTCAGTAATTTCTTCGCC TGTGCTAGGGGTGTGTTTGG
TCATTA 4 CCTGTATGCTTTGTTGTATTGTCG GCAAGTGGTTTATTACACAATATGAGC
TATAA 4 GCCTCCACTTGCTATTTCACC CAATGAAAGGGGGAAAGCACC
ATTAT 149 AGGAAGGAAGTAGAGAAGTATGGG GGTGATGGTATGTTGCAAAGAGC
ACTA 6 CCTAACCCTAAACTAACCTAACCTACC GCTATTGACTAGATATCTTACCTACGG
ACTA 5 AACTAACTAACTAAACCTAACCCTACC GCTATTGACTAGATATCTTACCTACGG
TCTTTT 4 TGTTTCTTAGGCACGCTTGG TGACGATGATGGTGGTGACG
TCA 7 AGGGAAAACTACTTCAAGTGTGC ACTTCAGGTGATAAGCCAGGC
ATACT 14 TCAAAAATGTCAGGGTCAAAAAGG TGGATTTGATGGGCAGGAGG
AATGGT 4 AAACCTGGCAATGGCAATGG ATTACCACCACTGCCGTTGC
TGAAAA 5 CCAGTGAAGATGATAGGTGGGG TTCGTTACAAGCAATGTATGTGC
TATAT 18 TGTAAATTCATCCTCATCTTCTCTCC GGAGGAAGTGGTGAGACACG

2.2 HRBFRZREH SSR #iDFE FI#E M T 47
AHIF 58 v e BRAE BRI e e Y R R 4 rp, B

% SSR ¥ DAy, HACE Smi 2 B T R
e, ARSI SSR 0 FF 9L HE DL B YA
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TS T R 4 RE N 2H SSR 37 mi 0 A1 S LL B B 1401

POMAAER EZS . B, 78 6 Fh RZ AL
ZeAI, PREIE SSR Y HE DL R B & il ik 10 Ik,
M A E SSR MILL 6 WoAHH W, =k SSR
(48 DR EGE R 5 Uk, DUBSREE . B Ik LA K 7S Bl
HE SSR Wy # VIR B R 4 . 7E SSR MO 7
Y48 DUECSr A J7 T, HRAsE SSRBYAZL T 51 #5
DUEGE S A 10 W, 10 SUIEFEAZ O 5 51 75 01 4500
FEFEE 6 2 8 R, X T =& 071,
HHE DR — e 5 2 7 W], T DU AR FEA% O )7
HI A FE DLBON L TR 4 2 8 Wz, [FEEN,
FARIEAZ O )T DB R 2P AE 4 2 6 1R
ZIE], T 7S A8 AZ O B 4 DUEON A 4 9K

HARRUE, 12 6 MR SSR 78 H =24k
Y BN B B R T A R AP SSRRVER Y
82.61% . 90%. 96.15%. 93.33%. 79.53% L\ %
57.14% (AE 1 FiR).

2.3 UREFRAREH SSR B EE K FHEFEN

m=£ 3 FiR, EIRFE AR EE A, 5
AT T — RSB EBA @K (E D 10 )1 SSR H
HFA, XEFFIIAET 11 FORRE 2R,
31 600 4>, LR T HTA SSR FFIIK 75.57% . Hith,
PURH R SSR HE FAERH WLy, IH 8 Fh,
Bk gl 549 A, H¥E T @K SSR T
91.5%, HizZs SSR & J¥ ¥k H 4 iy 53 Ah
BRI B E 225, AACT KR EH S P 5IH%
e, IKE T 23.55%, MifR TAAC XG5
HEEFHULHA 1.51%, AAZIER SSR EHE P51 H,
AACTA HEFY 'Jﬁ'fcibi%m, HH 22 4, HikH
TTAGT, HH 18 4~ 1 SSR HE )V
H, /ﬁATEEVﬁU.LH%T%%B@YKE@i’E, EF
HHIR . —EHFRAASEFR SSR EE P4,
WA B = AT Y T

gL E R mononucleotide repeats ZhdEE K dinudeotide repeats =HRALE & trinucleotide repeats
200 15 20
cgist ey cgist
2% =g =%
&S 10 &S &S 10
I E I _ug T E
= £ BE ST Bg
®q3 5t =2 w3 S5
0 P S e SO e MY s W s 0 . A . : ! 0 A . . —
10 11 13 15 21 6 7 8 9 11 5 7 8
¥ 1% copy number #5 L% copy number ¥ 1%L copy number
POpRFEE & tetranucleotide repeats TR & pentanucleotide repeats FNBRFEE & hexanucleotide repeats
300 - 80 1 20
& <& 60t CEIst
S o 57 £
& o ®3 ,| O ol
I _&;5 o E 40 o E 10
B E100 - P £ A E
& g & 2201 H & g 5
0 HHI—I 0 [ 0 oomooolloom
4 56 7 8 1011 131416 20 4 5 6 8 9 10 11 13 1415 18>19 4 5 6 8 18 2528 38 42 46 56
23] %SI copy number ¥£ DUEX copy number ¥2 D18 copy number

Bl 1 EFAT B 45 28 7 SSR A% .0 7 5 8040 A

Fig. 1 Distribution of different copy numbers of various types of microsatellites in Enterocytozoon hepatopenaei

2.4 TR SHM SHEATFRITIEEER
{Arh SSR TR EE B

X HR R e e D B 5 AR At e 1 i PR A
137 SSR {7 s 40 AR I GE i 78, LIS EL AT 5L
T R AR SO 2 R (PRI 4),
T S A 6 PR ZH R R AL 3030581 bp

CERJF g i 1) 5] 5690748 bp (A% 7 2 e g i 1kt
NG, BT AR SSR BEEGE I 261 4~ (Fh4E5
BIEBARTH)E 794 AP, 405k
ALEY 0.24%F01 0.72% o HF AT g HLBE M 41 HY SSR
Bt R AR A T S A
T LR AL BFFE 55 5L R, SSR HBCR R XS 4
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*x3 NEFRAEEATSHNECI0)HIRY
SSR EE %A

Tab.3 The most frequently occurring SSR motifs in
the Enterocytozoon hepatopenaei genome

i EATR SSR

7 A BRI A
| 0,
SSR 2% SSR BV %L LA/ % LWW]
SSR type SSR occurrence proportion of each proportion of the

most frequently

0,
base type/% occurring SSR

AACT 187 32.81 31.17
TTAG 175 30.70 29.17
TAGT 59 10.35 9.83
ACTA 47 8.25 7.83
AGTT 25 4.39 4.17
CTAA 24 4.21 4.00
AACTA 22 17.32 3.67
GTTA 20 3.51 3.33
TTAGT 18 14.17 3.00
TAAC 12 2.11 2.00
AT 11 55.00 1.83

BE S HIER AR/ NI . R e A
ARPFHR A, Hpa5 608 4~ SSR (FAXTF K
160.84 loci/Mb), tHILZ T, WFHz M A A S R4
BN, (BEHEAET 794 4~ SSR (KX FERE N
262.0 loci/Mb), Hr A2 G B A 1 R R 41 (K
JER 4570278 bp) A TRz M o FAR T 2 04 A
fi 7z ), HAL &R SSR B 261 S(FXT
4 57.51 loci/Mb), J2& SSR it e /D 1Y .

Xt 6 FPRA T A A A TR AT, R

VTS MEZITIAERCE . A DL X %
EEM2ER . SRER, ERTEBREMMT R,

AT AR E AT A SSR B, MEE
OB RS 1T W) 4 R 245,
O3RN 95.71%., 81.14%FH1 72.43%., 157577 % 1%
AT, AR SSR PTG Bl K, A
89.97 %, i HAth 5 A SSR X5 10.03%., HiAth 3
PRI A6 7 s (IR M L | 2 e A7 R A R
B )RR E 2 BOT (N DU IR B S
fig )76 SSR A EUH 46 K Z 8k, B4 5ok
91.31%. 84.36%F 65.52%. 74T g g1 Fi F4E
DT AT HUAY SSR R, PUAZ R SSR AT /5 e
Bl K, 23518 71.79%H1 63.6%, i HoAth 5 SSR
5390 5 28.21%F1 36.4% . 7E £k HUfd T~ HUY SSR Ho,
FAZH R SSR I i Ll K, i 71.68%, i HoAth
5 SSR 1Y 5 28.32% (£ 5, ¥ 2),

XA b o Utk — 2B gt DL E A
SSR Hi & AR B R . FEBAAL TR HE 52 BT
() SSR H, A A FAICTERMT MR . 7o
H AR O B ST TE T L | K S T RN AR e
Pl oy E L, T A T
AT o 5 BB, T ETRER T
SSR H, AT & HLIT1E MR M de R AR 8 14 ok
61 o g S L, A 4 AR T o 3
ZILFIR AT IR EE BRoC SSR NS AHHIF . 7E
= WL AR EATRER I, X 6 Fidtl

x4 MAGRARSEM S MBAFRNEEEREAR SSRER

Tab. 4 Overview of genomes and SSR in Enterocytozoon hepatopenaei and other five Microsporidia genomes and SSR

ok LININR 770 A 7R 1IN PR LMBTER  KEHMTR AR5 e
item Enterocytozoon — Enterospora AT Nematocida ~ Mitosporidium L
hepatopenaei canceri Hepatospora eriocheir ~ homosporus daphniae Nosema ceranae
P o BT AL AL KB bp 3030581 3095385 4570278 4282417 5635072 5690748
sequence analyzed
GC % /% GC content 25.23 40.15 22.6 41.04 43.0 25.36
SSRs #{(# number of SSRs 794 350 261 338 341 608
X =E B /(loci/Mb) 262.0 113.08 57.51 79.17 60.52 106.84
relative abundance
SSRs &K J¥ /bp 21773 10028 10520 7145 6035 6972
total length of SSRs
FHXT 5 2/ (bp/Mb) 7184.43 3239.87 2318.15 1668.58 1071.03 1225.15
relative density
o5 PR 2L 1 2 1% 0.72 033 0.24 0.17 0.1 0.13

genome content
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Tab. 5 Number, total length, relative abundance, and relative density of SSRs in six Microsporidia genomes
o W i Th R T KEmda T RTEER
fi Enterocytozoon Enterospora EELUERE Nematocida Mitosporidium 17 Hy
ype hepatopenaei canceri Hept.ztospt.)ra homosporus daphniae Nosema ceranae
eriocheir

PG R & counts 23 62 56 1 107 547

mononucleotide & {< Ji#/bp total length 250 843 579 10 1140 5718
SEHKE /bp average length 10.87 13.6 10.34 10 10.65 10.45
AR = B /(loci/Mb) 7.59 20.03 12.34 0.23 18.99 96.12
relative abundance
AHX % B /(bp/Mb) 82.49 272.36 127.59 2.34 202.32 1004.79
relative density

TR it counts 20 119 20 4 32 22

dinucleotide S /bp total length 280 4284 248 50 560 322
SEHKJE /bp average length 14 36 12.4 12.5 17.5 14.64
AN = /(loci/Mb) 6.6 38.45 4.41 0.93 5.68 3.87
relative abundance
FHXT % B/ (bp/Mb) 92.39 1384.08 54.65 11.68 99.38 56.58
relative density

B A Hht counts 26 103 14 48 108 13

trinucleotide S /bp total length 432 2892 213 831 2034 216
P-4 /bp average length 16.62 28.08 15.21 17.31 18.83 16.62
HHXT B/ (loci/Mb) 8.58 33.28 3.08 11.21 19.17 2.28
relative abundance
FHXT % B /(loci/Mb) 142.55 934.35 46.94 194.06 360.97 37.96
relative density

DU % 1 iR FiE counts 570 48 166 10 37 20

tetranucleotide  §14 & /bp total length 12152 1396 9372 168 688 332
SEHJE /bp average length 21.32 29.08 56.46 16.8 18.59 16.6
AHXT 2 B /(loci/Mb) 188.08 15.51 36.58 2.34 6.57 3.51
relative abundance
AHX 25 3 /(bp/Mb) 4009.79 451.02 2065.18 39.23 122.1 58.34
relative density

FRTF R i counts 127 9 3 243 32 4

pentanucleotide i K % /bp total length 6385 205 60 5240 755 150
YK % /bp average length 50.28 22.78 20 21.56 23.59 37.5
ABXT 2 /(loci/Mb) 41.91 2.91 0.66 56.75 5.68 0.7
relative abundance
AHXT % BE (bp/Mb) 2106.86 66.23 13.22 1223.7 133.99 26.36
relative density

Vavi A %t counts 28 9 2 33 25 2

hexanucleotide  Fi 4 /bp total length 2274 408 48 846 858 234
SE-#44K # /bp average length 81.21 45.33 24 25.64 34.32 117
HHXT B/ (loci/Mb) 9.24 2.91 0.44 7.71 4.44 0.35
relative abundance
AHX %5 3 /(bp/Mb) 750.35 131.82 10.58 197.57 152.27 41.12
relative density

fiifi SSR B counts 794 350 261 339 341 608

all SSRs B K JE /bp total length 21773 10028 10520 7145 6035 6972
S JE /bp average length 27.43 28.66 40.31 21.08 17.7 11.47
AHXF = /(loci/Mb) 262 113.08 57.51 79.17 60.52 106.84
relative abundance
AHX 2 3 /(bp/Mb) 7184.43 3239.87 2318.15 1668.58 1071.03 1225.15

relative density
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RITEEWA R :D]l m BRHR
Nosema ceranae mononucleotide
K E BT s
Mitosporidium daphniae dinucleotide
g T [ ] Il — =eam
Nematocida homosporus trinucleotide
AR R R T R | ] | = mirm
Hepatospora eriocheir tetranucleotide
7k S
Enterospor acanceri | | | |I = }Eﬁ%eoti de
s, [T s
Enterocytozoon hepatopenaei ) ) ) ) ) ) ) ) A | = }/1 \B{:ﬁt? d
0 10 20 30 40 50 60 70 80 90 100 exanucleotide

£ Ff SSR (5 /% percent of different types of SSR
Bl 2 6 lfdfts 7 R R 41 45 Ff SSR 5 H: SSROEEUAY e 1

Fig. 2 Distribution of SSRs in the genomes of six Microsporidia fungi

HurbE iR L) SSR ZRAUK AR . 5 H A 5 F
TR s L, R A i A 3R PR 2 K AR B
R4 B o e, AP DUAZ Y R T B G A R R 2
k1 4009.79 bp/Mb, TEIZYIFFEIIR I SSR
B HA 8 b, Hih AACT EE¥I0E TS
£, BUEik®] 187 4>, &L SSR £411 23.55%.
2.5 SRAFRARREEREA RS SSR EEH GO Ih
BT

FIFH GO B FEXF & SSR 3 K AT D BT FE,
A 28 M3 (3.53%) 5] GO 432K5 . HiE
B3 43+ P1hE (molecular function)fy LK i %, It
25 4y HR AW 10 #2 (biological process), F
12 EE; AL 2H 53 (cell component) ({3 5L Al
e, 310 4~ FEATFIREX —20H, DITER
FN45 45 (binding) WA Y L H e £, H 194,
i GO VERRILINM 67.86%, H U &Mk i
(catalytic activity) W41, A 104>, & GO R
BRI 35.71% TEAY BRI, DIAR A R
(cellular process)Fl{ i i #% (metabolic process)Hy
R 2 AN, 435 10 ASF1 9 AN,
GO TERILIA K 35.71%H1 32.14%. 1EA0fILH 525
SR, A (cel)FN AR HELH 73 (cell part)iX P~F-2
DIRETEREM By, BN BT 1048
RN, S5 B GO HFER I N S5
17.39% (FEULE 3),

3 itig

AT AR B 2207k, 2T AR i
B EE, X SSR #EATIE RS . 1ENF

P M B N 2 rp, IR E] 794 4> SSR, BK
JEh 21773 bp, HEEEAM 0.72%, FHEKE R
27.43 bp, MIXTFEE N 262 loci/Mb, X% E N
7184.43 bp/Mb. AHEL T HAth— 285 WA I 7L 309
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Fig. 3 GO function annotation of genes with SSRs in Enterocytozoon hepatopenaei
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Distribution and comparative analysis of SSR sites in the whole
genome of Enterocytozoon hepatopenaei (EHP)
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Abstract: Enterocytozoon hepatopenaei (EHP) is a microsporidian parasite that infects shrimp. Although EHP
infection does not cause widespread mortality in shrimp, it significantly slows down their growth and makes them
more susceptible to other pathogens, resulting in significant economic losses. Thus, it has emerged as a major
threat to the shrimp farming industry. The successful decoding of its genome sequence and genetic code has
provided a robust foundation for various fundamental research endeavors. These endeavors provide valuable data
essential for the identification and exploration of important functional genes in EHP. Here, we aimed to study the
basic information regarding microsatellites in the EHP genome and provide theoretical support for molecular
marker development, population evolution, and genetic diversity studies of EHP and its related species. We used
bioinformatics to analyze the quantity, distribution, and frequency of SSR (simple sequence repeat) sites in the
whole EHP genome and compared them with the corresponding properties of five other microsporidian fungal
species. A total of 794 SSRs were identified in the EHP genome, with a total length of 21773 bp, accounting for
0.72% of the genome. The average length of SSRs was 27.43 bp, with a relative abundance of 262 loci/Mb and a
relative density of 7184.43 bp/Mb. Of the six identified types of SSRs, tetranucleotide SSRs were the most
prevalent, with 570 SSRs and a total length of 12152 bp; they accounted for 71.79% of the total SSRs, the average
length of SSRs was 21.32 bp, with a relative abundance of 188.08 loci/Mb and a relative density of 4009.79 bp/Mb.
Dinucleotide SSRs were the least prevalent, with only 20 SSRs and a total length of 280 bp; they accounted for
2.52% of the total SSRs, the average length of SSRs was 14 bp, with a relative abundance of 6.6 loci/Mb and a
relative density of 92.39 bp/Mb. The most frequently occurring SSR in the genome (=10) included AACT, TTAG,
TAGT, ACTA, AGTT, CTAA, AACTA, GTTA, TTAGT, TAAC, and AT. Thirty multi-nucleotide SSRs with
sequence lengths=20 bp were selected for primer design for species identification. The genes containing SSRs
were functionally annotated using the Gene Ontology database, and a total of 28 genes (3.53%) were annotated
into three categories: molecular function, biological process, and cellular component. Compared to other
microsporidian fungi, EHP has a moderate abundance of SSRs, and the quantity of SSRs is independent of genome
size. This study provides a theoretical foundation for population genetics and evolutionary research of EHP.
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