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Abstract [Objectives] To analyze the distribution of perfect SSRs (P-SSRs) in the entire genome of Spodoptera frugiperda
and the GO function of genes containing P-SSRs in the exon regions, in order to provide a data base for the development of
microsatellite markers and further functional studies. [Methods] Krait v0.10.2 was used to identify P-SSRs and analyze their
diversity, after which a python script was used to locate P-SSRs so that their distribution in different regions of the genome
could be analyzed. Finally, BLAST software, the Swiss-Prot protein database and the R package’s clusterProfiler v3.14.3

toolkit were combined to analyze the functions of genes containing P-SSRs in exon regions. [Results] A total of 64 025
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P-SSRs were identified, of these mononucleotide SSRs (28 782) were the most abundant, followed by tetranucleotide SSRs (19
278), trinucleotide SSRs (7 685), dinucleotide SSRs (5 734), pentanucleotide SSRs (1 639) and hexanucleotide SSRs (907).
The main repeated copy categories in the above 6 types of P-SSRs were A, AC, ATC, AAAT, AAAAT and AAAGTC,
respectively. The number of repetitions of P-SSRs gradually decreased as the number of repeated bases increased. In addition
to chromosomes 23, 28 and 30, the distribution of the 6 types of P-SSRs on other chromosomes was consistent with their
overall distribution. A further 47 714 P-SSRs were located in the intergenic regions and 16 311 in the genes, including 16 103
in intron regions and 208 in exon regions. P-SSRs in the exon regions were distributed on 196 genes, 132 genes of which were
annotated by GO annotation analysis. There were 357 GO terms, of which 122 were attributed to the cellular component, 117
to molecular function and 118 to biological processes. GO enrichment terms were mainly related to molecular functions such
as phosphatase and kinase activity, and to biological processes such as RNA polymerase II mediated transcription.
[Conclusion] A preliminarily analysis of the distribution of P-SSRs in the S. frugiperda genome was successfully completed.
Although the total relative abundance of P-SSRs is relatively low, P-SSRs are widely distributed in the intergenic regions of

the genome. In addition to mononucleotide SSRs, the relative abundance of tetranucleotide SSRs and trinucleotide SSRs is
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relatively high, which could provide an abundance of candidate loci for use as microsatellite molecular markers.

Key words Spodoptera frugiperda; microsatellite; genome; chromosome; functional annotation
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Tablel Distribution of perfect SSRsin the genome of Spodoptera frugiperda

Ei-ESit om KB (bp) Al (%) “PEKE (bp) AHXIEE (bp/Mb) AHXTFEE (loci/Mb )

Repeat types Counts  Length Proportion ~ Average length Relative density Relative abundance
HpEEL Mononucleotide 28 782 441 054 44.95 15.32 872.16 56.91
THiFE Dinucleotide 5734 113 898 8.96 19.86 225.23 11.34
=B Trinucleotide 7685 131136 12.0 17.06 259.31 15.20
VOB L Tetranucleotide 19278 365 680 30.11 18.97 723.11 38.12
FiH#IE Pentanucleotide 1639 39075 2.56 23.84 77.27 3.24
7B 3E Hexanucleotide 907 29 664 1.42 32.71 58.66 1.79
BB Total 64 025 1120507 100 17.51 2215.74 126.60
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B H1A 3027 4, {04 10.52%., ik
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DR EE S DU e R SR 2, HAe
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AG Fl AAT FEEH DI, A 53 988 4>, i
56 R S 84.32%
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Table2 Part of copy categoriesin the perfect SSRs of Spodoptera frugiperda
LRTE s =R DU il Kk T Y e

Mononucleotide Dinucleotide Trinucleotide Tetranucleotide Pentanucleotide Hexanucleotide
A (25 755) AC (3 504) ATC (4 776) AAAT (4 345) AAAAT (315) AAAGTC (232)
C (3027) AG (1477) AAT (1 278) AAAC (4 014) AACCT (294) AAAGAG (163)

AT (724) CCG (555) ATAC (3 803) ATCAC (73) ACTCTC (50)

CG (29) AAG (291) ACAG (2 009) AAATT (71) AAAAAT (46)

AAC (282) AAAG (795) AATAG (61) AACCAG (43)

AGC (205) ACTG (697) AAATC (55) AAACTC (32)

55 B R4 DL g R

The number in parenthesis represents the counts of copy categories.
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Fig. 1 Distribution of repeated numbersin the perfect SSRs of Spodoptera frugiperda
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Table3 Number of 5types of perfect SSRs

= Ve R
4 TRV g i (%)
Repeat types Number of Counts Proportion
p yp repeats p
3k Dinucleotide =12 1015 17.70
=H AL Trinucleotide =8 683 8.89
DU AL Tetranucleotide =8 931 4.83
TiH§3E Pentanucleotide =8 87 5.31
7NBfi3E Hexanucleotide =8 113 12.46

22 ENREBSEENATERIENGESH

221 EEWIEELBEEMNSH @K
4 Krait 414, Hrpple i 8 Qe ik e
SERM TS 51 455 4, HoE R IR RN
80.37%, AW BN PR E LM T EA
12 570 4>, 5 19.63%. [k 23. 28 1 30 4 fh
A, 6 K TR HRGEANR FAY G LA —
B, B DAL TR O 3, SR PUBR L |
SRR TARSE . AL AN DA, £ 4
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Table4 Distribution of perfect SSRsin 31 chromosomes of Spodoptera frugiperda

Palk (KR 6 252 LM LA Six types of perfect SSRs Wl (%) FAXFEE E(loci/Mb )

Chromosome  papgst  —@fdt  =HESE DUBRIE  TOESE BRIt Total Proportion Relative
(Mb) Mono- Di- Tri- Tetra-  Penta-  Hexa- abundance
chrl (27.91) 1139 279 319 908 79 28 2752 4.30 98.60
chr2 (21.39) 1124 206 266 648 67 35 2 346 3.66 109.68
chr3 (20.49) 1169 203 243 630 85 39 2369 3.70 115.62
chr4 (19.58) 1025 170 213 616 52 25 2101 3.28 107.30
chr5 (18.85) 940 168 252 463 40 30 1893 2.96 100.42
chr6 (17.48) 811 175 218 492 47 14 1757 2.74 100.51
chr7 (17.13) 776 141 206 464 41 23 1651 2.58 96.38
chr8 (16.31) 756 145 189 444 43 17 1594 2.49 97.73
chr9 (16.32) 965 169 219 642 47 25 2 067 3.23 126.65
chr10 (16.02) 752 157 201 459 36 15 1620 2.53 101.12
chrll (15.41) 732 155 173 389 40 18 1507 2.35 97.79
chrl2 (14.94) 665 151 211 467 31 26 1551 2.42 103.82
chrl3 (14.30) 931 204 220 681 30 26 2092 3.27 146.29
chrl4 (14.25) 729 128 173 371 35 34 1470 2.30 103.16
chrl5 (14.21) 634 129 163 379 37 36 1378 2.15 96.97
chrl6 (14.16) 593 83 164 409 20 12 1281 2.00 90.47
chrl7 (14.05) 579 99 159 386 40 12 1275 1.99 90.75
chrl8 (13.92) 671 132 162 455 23 13 1456 2.27 104.60
chr19 (13.51) 770 158 190 440 74 21 1653 2.58 122.35
chr20 (13.47) 536 95 156 350 19 10 1166 1.82 86.56
chr21 (13.37) 642 123 174 379 24 20 1362 2.13 101.87
chr22 (13.18) 781 166 387 419 26 12 1791 2.80 135.89
chr23 (12.50) 460 77 148 274 113 9 1081 1.69 86.48
chr24 (12.34) 876 159 190 465 25 23 1738 2.71 140.84
chr25 (11.99) 707 169 175 391 32 20 1494 2.33 124.60
chr26 (11.84) 573 86 145 314 16 14 1148 1.79 96.96
chr27 (11.30) 653 128 185 398 38 6 1408 2.20 124.60
chr28 (10.94) 736 156 143 609 96 22 1762 2.75 161.06
chr29 (10.85) 787 133 179 454 26 16 1595 2.49 147.00
chr30 (10.85) 669 206 130 592 42 27 1 666 2.60 153.55
chr31 (9.21) 590 115 134 518 55 19 1431 2.24 155.37
chrUn 5011 1069 1598 4372 260 260 12 570 19.63 -

Mono-. Di-, Tri-. Tetra-. Penta-fll Hexa-7; B U FAMEIE . —0fFE . =L, DURIL . AR S, THRF.
Mono-, Di-, Tri-, Tetra-, Penta- and Hexa- represent mononucleotide, dinucleotide, trinucleotide, tetranucleotide,
pentanucleotide and hexanucleotide, reseparately. The same below.
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T (0.48% ) 1 LU Wz 328 /)N HAE PRI ] X
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23 EEMIEMTIHNEFRHER GO EE
MEESH

AR F IR I B gty X, Ho i gt 2
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ifie. ENLTANE TR 208 MR T 196
AR, XX 196 R AT GO R, Kby
132 AP IR, TS GO 45 H 0 357 4,
WEGO 7 ¥k 3, A 122 M5 HIA T 4045,
di 34.18%; 117 MAHSATIUIREA X, &
32.77%; 118 NFHZSS5REY#idfETd, &
33.05%, Horp 4u A oy 25 40 4 ( Cell
part, GO:0044464 ) F4HI ( Cell, GO:0005623 )
AK, s FUiie % 5i%4: ( Binding, GO:0005488 )
AR, AYEd R EE S AR ( Cellular
process, G0:0009987 ), #ii#x ( Biological
regulation, GO:0065007 ) At 2 ( Metabolic
process, GO:0008152) AK (Kl 2), GO %kHE
AR 15 2545 IR 3288 5 W il AT PR 55 1
HELL M RNA BA T 1A S5k S 25 4 W25
AKX (R 6), XCHMRMITIEN TN F1)
R B Dy re B AR S Ay

3 itig
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®5 XZEERIEEEFRARRMENSHIER
Table5 Distribution of 6 types of perfect SSRs at different regions of genome

(A= BE LR i =X 8" DU i FHH Ay Es
Location Total Mono- Tri- Tetra- Penta- Hexa-
FEPA [A] X 47714 21 741 4281 5444 14 225 1322 701

Intergenic region (45.57%) (8.97%) (11.41%)  (29.81%) (2.77%) (1.47%)
AT IX 208 30 155 14 1 3
P X Exon (14.42%) (2.41%) (74.52%) (6.73%) (0.48%) (1.44%)
Genic region  py & [X 16 103 7011 2086 5039 316 203
Intron (43.54%) (8.99%) (12.96%)  (31.29%) (1.96%) (1.26%)

55 NBECF 2R 3 A XA R 58 SE R 2 Y LE

The number in parenthesis represents the proportion of each type of P-SSRs in the three regions.
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Fig. 2 The GO function annotation of the genes containing perfect SSRsin the exon regions of Spodoptera frugiperda

*6 EMARBTERIEMTHIEFHEREGO EE

Table6 The GO enrichment of the genes containing perfect SSRsin the exon regions of Spodoptera frugiperda

%H iR HEREHE P (HFEE)
Term Description Gene counts  P.adjust
GO:0006367 RNA X A B I J3 3 7 M #4 5E #2 4 Transcription initiation from RNA 6 0.006 337
polymerase II promoter
GO:0004143 —Fr K H i A M Diacylglycerol kinase activity 3 0.017 991
GO:0002218 5o KA [ b BY3E Activation of innate immune response 3 0.017 991
GO0:0004438 A8 TELEE-3-BEFRHE 1% 4 Phosphatidylinositol-3-phosphatase activity 3 0.017 991
G0:0070419 3 [E] JFim % £ 2 &% Nonhomologous end joining complex 3 0.017 991
GO0:0004016 Jif 1 B2 LB M Adenylate cyclase activity 3 0.017 991
GO:0051123 RNA REW I BRI ZE WAL RNA polymerase I preinitiation 3 0.017 991
complex assembly
GO0:0051259 HHJEE &Y% Protein complex oligomerization 4 0.017 991
GO0:0006366 RNA & I1 - FAY%F% 5% Transcription by RNA polymerase I 6 0.017 991
G0:0030332 4}l JA A 148 E Cyclin binding 3 0.017 991
GO:0071481 ZNAIXT X 2.4 J i Cellular response to X-ray 3 0.017 991
GO:0045893 #45%IE %, DNA #itlifk Positive regulation of transcription, DNA-templated 9 0.017 991
GO:0004725 2 MM A MR W IR B 1% I Protein tyrosine phosphatase activity 5 0.017 991
GO0:0003951 NAD M54 NAD" kinase activity 3 0.020 109
GO0:0031965 #% /I Nuclear membrane 7 0.021 216
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Blattella germanica ( £ /255, 2015), HAEHx
Anopheles sinensis ( F/NE4E | 2016 ). P55 %1
Apis mellifera (ZRRHBISE, 2007 ) FlaR LA HS
Tribolium castaneum ( 5KIHIKEE, 2008 ) SEIFMH
TEMBAXTFE (£ 7), R AREE
Bombyx mori . /)i Plutella xylostella, A7
Pieris rapae. f{¥ Kk Manduca sexta, Hi4sH
Helicoverpa armigera #1 # =+ # Danaus
plexippuse i H B e 58 56 i T A I A
B CHmMHESE, 2019) WK FLLE 4 FiE AL, X
5t 5 B s A T B AR R AT A A 5 4
HR—3 (Néve and Meglécz, 2000; 7 LA IR
TER%, 2004 ), HEHL SRR AR SE R TR 73
ML Z A /N . SRR . SRR R . AR
B Ay EE R H R R DL e W H
( Diptera ) H4efzmr . #EWEH ( Blattaria ) {2
/NI B H ( Hymenoptera ) P4 7 % 6 1S
H ( Coleoptera ) ZRfUh4% #5455 HAth H B HL 58 i

RT7T NMERERFREASFE

PEMAIEHHEA —ENZES (R 7), X
] 5 56 TR A A% B S 1) 2 A A (] 1) 4 AT
i, RIRES W FPAS B | 3k PRI /N RN 35 R 24 el 3
2 REE T AT K

B 0 I 5 S5 R DR v B L R TR Y
BERZ, HEEH 44.95%, HUEDUmEIE
A (30.11%), 1 =K. 2L, AR
FS T TR YRR R UGB, 430 12.0%
8.96% . 2.56%F1 1.42%. IM7E Arias % (2011 )
WG RS Y 187 Mk BALFE DI, Hrp —
B A (109 4 ) 2EEL R T REZ M T
B, HH R 58.29%, HARRIMTE
FIEE S FL i, 3R 8 TR TIZ SRR TSI H )
TR A o R HA G, AT S b 25 2T
DEAEEIERA T HAA R KESR, XATHEE
T AR IR AR o BN SR R4, Rk, AR
T DR EESCERN I, ml il PR oA R
WG B 256, B RE R 0 1 5 o R 1L 2

REEEXMIENS T

Table7 Distribution of each types of perfect SSRsin 11 insect genomes

R4 FE
Sepal Ge o SN

6 K 5E MW LR RIAXS FE (loci/Mb )

P (loci/Mb ) EZ DTN
Species (Mb) (%) GC Relative THRE ZRE SRUE PUBIE HWIE AW References
Genome  content Mono-  Di- Tri- Tetra- Penta- Hexa-
abundance
B P 542.42 36.52 126.60 5691 11.34 1520 38.12 324 1.79 -
, AW

Spodoptera frugiperda
F 7% Bombyx mori 397.69  37.80  208.67  107.11 2432 3137 3924 579  0.84 HEEMEE, 2019
7t T 248.58 32.10 169.80 59.86 70.53 19.39 1620 3.15  0.67 HEGMESE, 2019
Danaus plexippus
kg 337.09  37.50 77.75 2533  6.36 18.22 24.63 239  0.82 HHHZE, 2019
Helicoverpa armigera
RN i 419.42 35.90 97.94 26.60 14.38 2548 28.13 2.23 1.12 HmH#4%, 2019
Manduca sexta
SEHE Pieris rapae 245.89 33.00 95.72 13.37 27.30 21.73 30.38  2.53  0.41 HuiHSE, 2019
NS gk 289.75 39.05 161.36 27.03 18.59 46.15 5092 12.55 6.12 HH#4E, 2019
Plutella xylostella
LREECE I 290 365.5 2029 104.60 52.10 530 0.40  0.20 T/MEZE 2016
Anopheles sinensis
185 5] /N W 2 040 296.66 69.29 29.88 111.36 73.80 10.59 1.74 FRE:, 2015
Blattella germanica
PiJT % Apismellifera 181.35 1243.75 263.50 334.11 169.72 136.52 32.21 307.69 ZRHIHAZE, 2007
PR {YEaa e 159.70 274.20 12.84  4.63 3937 37.71  9.87 169.78 5KHHEE, 2008

Tribolium castaneum
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*8 WIEEEXERINMIE
Table8 Microsatdlitesderived from SSR-enriched libraries

HERA WHERSL | EEEM EHERT
Repeat types Motif Repeat types Motif
T Di- AC (93) |Uf#FE Tetra- ACTG (4)
AG (14) AGTC (1)
CG(2) ATAC (1)
=W Tri- - ATC (22) ACAT (3)
ACT (5) ATGT (3)
AAT (2) AGTG (2)
AAG (9) AAAG (1)
AGA (1) AACG (1)
ACC (4) ACGG (1)
CGT (1) ACTT (1)
AAC (2) AGGT (1)
ATT (2) ATAA (1)
AGC (2) ATAG (1)
CCG (2) |HB#F Penta- ACACC (2)
AGG (1)  |[/SBdE Hexa- ACTGCT (1)
AGT (1)

BHERIET Arias & (2011) ik,
Data from Arias et al.(2011).

Fric BRI R A B s S O H R de g 3% b 52 B
TR AE Y b A BE R 20 b A4 A KL , 1T A
8 H A A R 5 2R G T 10 56 28 A SO T2
JE T M AN S A R AR AR L T RE

O DT SE JE R TR R PR . R
AL DUBRSEL . RGN SHR AL DR A R
DURE =253 A 1 43 B HE 12-40 K\ 7-30 1K
5-15 ¥, 4-20 K, 4-10 YR 4-11 ¥k, X K IABE
TR A 2 R AR s, TR e
() A 15 DL R B LR M A /N o R 2 A% 2R AR
Bl T2 A B B T T T AR DR R B 3
M X5 TR (2015 ) X /N4 5L
ZH i TR IE B Z5 A —3, nTRE S PR K
JEA K, MBI, AR, irszslnik
BIEIK, AR, & A8 B i i T
(XNFE S, 2011 ), WFSRRBIME TR A B
T, BT EMNRRE, & RS
F#ric ( Temnykh et al., 2001 ),

Bk 23, 28 130 S Yefafk, 6 58 RM DA

FEHA Y AR T B A IR — 2, 2 DA e 3t
MR RFE, HFRUOZ UL . = . 6
B ABIERNIIE R DA, X 5 HAERER A p
(1) B AR A A7 A — 25 [ s A 02 ) i 5
R R IEHR R, R R —2 R T
TEEH Y ERR I R —{E 15 ( Hancock,
1996 ). 5¢ 3 fo 1052 78 Fk PR A AN TR A57 i 140 0 A #
R, TR EYF R A I 51500
KR DA TR X (74.52% ), AP
WA TR NS T X (25.15% ) AAh 11X
(10.33% ), X 573 TR F 40 A T FE R ) X 435
i R R A — B0 o RV I R X ok TR E A
D BFEINB TR E T DR LA S, H
A B R 8 AR S T 7T 7 R T R PR i) DX T2 A 1)
AR (F/NESE, 2016 ), [RIEHE—4 008 & B
FEAM i DX P = S A T AR Y b B i v T
ARG LA, X AT B % 0S 1-2 th = mli gt
B 2, PR A = LGl T2 A A FEAS 256 5] S AE
TR RS, X RIE =Yg s, A RF
AerePPngtae (MIE5E, 2014 ),

A0 BT R P T L 4 5 Ty R 1 B L X
A FE XL DR A T AN T R AT T IRk
G307 A 208 AN BN FAMNE T X4 T
196 M3 I, XF 196 NFEHATUIREERE, 45
B 132 43 HNE2 T GO R, Arfs GO & H
H 3574, Ho b Kanpdl s . s FOIRERIAEY)
L3RR GO X H IR —2, 43l 34.18%,
32.77%H1 33.05%, GO & 445 H W] 2L 5B R il
TS 27 T I BE L B RNA BATH 1145
() S A R W A R AR G

AT 5 XoF L B 1 0 4 3 PR 2 5 SE L TR
FEHNRRRZE | Bl . R B A AL B 43 A S
TEHEAT o0 T RIS, Xof 7 i 5% 78 0k 3ok PR 441 f) R G
FEEIFINA TR T o KA B T 5 b 53k
o FAERFER, B ARG | &
i . AMZEEAE | ALRE 7 R A S 10 53 i
5, DA T ff e 2 el AR S R g e Fas g
MBI, PR e 2 b i 25 AU TS
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