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Abstract: This study aims to establish a method for efficiently identifying transgenic insertion sites in silk-
worms through genome sequencing. It also analyzes how sequencing depth affects the accuracy of site iden-
tification, and provides a reference for low-cost, high-throughput transgenic site identification in silk-
worms and other species. Two silkworm transgenic materials were collected for whole genome resequenc-
ing. High-quality reads were selected through quality control. Target reads covering the genome and vec-
tor were obtained through two rounds of comparison analysis using the vector sequence and silkworm
genome as references. The specific location of the insertion site was obtained by comparing the genome
sequence in the target reads with the silkworm pan-genome database. Subsequently, we used the seqtk
software to sample the data, and analyzed how different sequencing depths affected the accuracy of site
identification. The genome sequencing data of the two materials were 9. 76 G and 11. 18 G, and the num-
ber of clean reads were 32 639 026 and 37 394 695, respectively, and the sequencing depth was about 20 X.
Sequence alignment analysis and PCR experimental verification results indicate that the insertion site of
TransGene_1 is located between 1 899 494 bp and 1 899 495 bp on chromosome 1, while the insertion site
of TransGene 2 is between 959 510 bp and 959 515 bp on chromosome 21. Both insertion sites were loca-
ted in the intergenic region. Using the genome sequencing data of the two transgenic materials for simula-
tion analysis under different sequencing depths, we found that the transgenic material TransGene_1 can
obtain reads covering both breakpoints at a sequencing depth of 6 X, achieving precise positioning, while
TransGene_2 needs a sequencing depth of 10X or above to achieve precise positioning.
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PCR J5 ¥ 5 ZoHs i 56 TR R B TR AL D) AL BT 301k . PR 28040 5550 PCR 434, 7 T i 2 7 240 A Q50 5
A4 ZAROR XS B PCR J7 325 75 SR i BE B B2 RS Xt Bk 0 51 0 15 DA ™ 18 R S0 5 o 4R SR i 5
JABR AT DNA HEATAL S, JF4 H 5 A KB AT . 8] PCR G768 BH PR BT8R 005 . b O s v S
B R AT, (L4 T PCR (Y 55 J7 ik A (U I A3 A L X 5290 N B BOR ZOR Bmy . HH o
AN FR G OUE 5 A 2 A RE S8 AR A R E . LR R ORTE A G S D T S T iR R AR A O
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Y e 5 R A O L R R RE L R, FE DR R R OREE D R E KR N R
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SR IMEL TransGene 1 Fil TransGene 2 JEAS SCHG 2 AT A HEY 2 A0 RIA K& 5 R . TransGene 1. F
R IR 20 i A i . 5 B Y 26 R 3R A % 2 81 piggyBac-{3 X P3-EGFP) # & &, 3 1 IR i @ fle 5 4 AR
S AF AR B A OGO )5 BJE . 3% GO R EAM (GL R, FFAE G AR MR Ak s 07 156 52 R & i 4
AR TR IR A 2SR G2 AR, BRI, R IRAT A G R B i Rk B R . TransGene 2. ¥ H 5
W5 % & A4 Jagh T, SV40 £k F il ad ] 24k pSL1180 44 4 R A [ Ad-Gene-SV40 ], i U] [l 3K ik
5 5 piggyBac-[3 X P3-EGFP M 3% 4 5 1 3o 8 1o 7 6 8 AR M 8 21 3R i A R A ARV 3 00 (A TR A 75
1) 5 e A 9 % MU 0 1 A IR AT SR (56 19 G ARANMA B A S8 . AR 0 . e 245 21 5% 3 R i
RKikMAR,

i FH TransGene_1 Fl TransGene_2 F 3 #2 HUHE 4] DNA . i FH I/ 40 i/ 41 4138 9 240 DNA 2 BUR
MG DNA CE(HBEF EWREABRAFD . FIA HiSeq X F & #E47 BT, A4 reads &K 150 bp,
1.2 #HiEE

N T ARA e TR 0 B AR AR TR SR Y. RIRT LU AR, © AIBR N L& T 501
reads; @ B B EAK T 20 EH LB 30 % B reads. &5 — %5 Lb % 26 A A F 90 2 %, & 5EF
A BWA (Burrows-Wheeler-Alignment Tool) v0. 7. 17 ¥ clean reads W3 2 & % F 5 ; B . i 4K
F samtools v1. 657 Xf 45 S ik 47 HE 55 0 %6 . 58 48 LU X 3 K % £ N 41 Bomo_genome™™™ Oy & %
DAL, DAAS — %8 b5 S o i AR AT X, TR RE Xt 25 SR R 47 HF )7 5 0 2k o (8 T 285 SR o 19 356 43 reads 2
& Mk http: //silkmeta. org. en/" #E4T BLAST 4387 . DL 3RS BAK BG4 A 2,
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HRHE reads X bb 45 S 7 56 DX A B4 A D5 ], PREEERE SE D BE R B, IR TSI m AR A (R D),
IR E M AN - BiE 3 %G1, Horh 2 6 S s A I 51 (B — 451 T TR AL B, B AT
B CEBSATE)) , FIT —XF R I E AR S, b F I AL b, 5 BB vk 45 B DL &2 PCR
FERIN P A L, A A A5 S A E R
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£ 1 TransGene BN R EESIWER

Rl R A= EE B FH1(5°3) =R/ bp

22T W T1-L-F CTAAATGCACAGCGACGGAT 304
T1-L-R ATAGAAGACGCTCAGTTGGC
T2-L-F ATGGCCTTGGAATCGTCAGA 200
T2-L-R TCATTTTGACTCACGCGGTC

A T T1-R-F ATTACTGGGCCAACAACTGC 537
T1-R-R TGTGCCAAAGTTGTTTCTGACT
T2-R-F ACCGATAAAACACATGCGTCA 402
T2-R-R CAAAAGCGGATAGGGCACAA

I K 41 5 ) T1-G-F CGTTGAACATAATGTGCTTGACG 590

T1-G-R ACGGTTAACTTATCTGCCTTCG
T2-G-F GGCCTCCCAGACAGAATAGT 364
T2-G-R CCAGCAAAAGTGATCCGAGG

T bp F8 0B XS5
1.4 0 R B Ak s 1 4G

T HAT seqtlke X B ) FF SCAFF DLBEAL A, AT ASE S04 ] 2% B2 0 0 e R 0 o BE AL D - Bl AL A
BARERE 11 DEE, AU RE 9 DREE, B FHRE N 2X 2 16 XIHIE.

2 ERE55MH

2.1 WBANNREERBENFER

A5 1z FH A e DR 0 5 B R 0 8 o T e DR B4 A T DA SEE . BARSr M LAE 4 AP IR (B 1 H
= BERTI R 2 R R s AR S A DR R, R BRAR T & DL KO IE T4 I T 45 2R . B AF clean reads L)
ERS iz M. =, T8 X Wm, Pkt A #6750 1 reads, i AP 5 N1ES %, i1
clean reads 5 Z#F AT L XTI XTS5 R MDA . L0 E 4 Rl 0 AP E, — K EZ 2 XTI w
reads; 93— B IBAUH H 43 7 5 608 L X LAY reads, DU reads MOAT4H 3 fy HoXF b 22 B R0 LG X b A 5 R b
0L, X RGO Y reads YO0 T BB M) reads, H =, FESE R HO XTI, Bk R 5 S K N A A
PR Ar AR A P 90 Y reads, HCPO . 7ESCH S0 IR0 SR B, RIS 228 BE D 20 L X b A9 B A E AT 91 X L 45
P B8 3l AL, TR BT | ) I R S5 56 0 i,

SrT R W, TransGene_1 i 5 RIZH I P SR T 20 9. 76 GB (M %d . 4 32 639 026 4% clean
reads, Q30 &% 98.02% . TransGene_2 FYFH AL P35 2] T2 11. 18 GB AYEHE, 75 37 394 695 4%
clean reads, Q30 24 97.95% . X W15 B4R P ER BE 4 20k 20 X (3R 2), MJF L ¥ A RS2 i Ze Kk .

x2 ERANF4ER

FEAS 24 Bk clean reads %% T Jo el 2 5 Q30/ % GC/% WP TR/ X
TransGene_1 32 639 026 9 759 018 256 98.02 37. 40 20
TransGene_2 37 394 695 11 180 626 164 97. 95 37. 40 20

. Q30: FiEEKTET 30 ABRIEE & RS BEERE 4 GC: BEdh GC & &, BV G AN C 28 1 (1% Bl 38 5505 8 0 38 50
HArH,
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SO REEF AT, BOMEENHATH; LOF L NSRRI G Y, SR 1, 2 IS5 05k B 514 . x5
JFEEVKIN 4 B POR B4 S b G0 AMIR RS S . (1 i A IR BT 2 0

B1 HAZEANFEALERERERBALEN S ERE
2.2 WAMREMEFSIEE3 o

R AR TF 52 0 470 A7 1 O SR, 0 25 4 8 % B ) R TransGene 1 A4 A DL SAL T 1 5 Y Ak 1
1899 494 bp ZAb, HAH ATy 1) Ry TR VE A7 28 (R VR 22 (181 2b) 5 i 4% 3 R i &R TransGene 2 (46 A7 25
BT 21 S YRy 959 510 bp ZAb, i A J7 1) R MR IR 228 &5 [R) I5 4 (T 20,

RN R EESE AR R FE ST AP A X . B T RS R & S % N X reads
MK, fERBE D i & TransGene_1 W, S MG AEECN 34 bp, S KIRAEEH 105 bp, ~F X6 3 H ol
55.4 bp, MMifE TransGene 2 W, A EEL N 32 bp, mKMILE K 118 bp, FHHILE N 65. 7 bp,
AREBCEAT A b X B 5 A% S 2 3 R AL B B 3 B Y B2 B (reads) s A B T AR UE BE 43 AT O ik B
SER MR (R 3) .

e

% 3 TransGene ¥\ fif /= bk 3¢ 45 R 44t

FEZR 2 I reads B Fi%E reads B BEWEL/bp KA /bp  FIIEIEE/ bp
TransGene_1 10 6 34 105 55.4
TransGene_2 6 11 32 118 65.7

TE e DA ES R X B KA B D0 . reads i I P ASCE I 7 ST 45 2] B4 B80S 77 1) bp 8 38 o £
2.3 BAIREEAEHERIE

H T WAL Ik e PE . TR R TransGene 1 T 3 X519 0 LASGAIE . 22 W o5 119
PR YR 304 bp, A M s BYY I Y B 537 bp, BF A B AR WAL HE 590 bp HYFEA 41 F
5, KA AR : TransGene_1 76, A7 8 Wr xl= W) 99" 5 M BUBIANAT , JF RYIEEENA )P I, X
INIZ N B O R R Al G R B AR R AR ALY SR A A R A A IR, S U — 20K 3a) .

TEREFEIN i 22 TransGene_2 1, [FFESCTT T 3 X 51 ¥R BEAT R AE, 25 R 5 WU AHAT (18 3b) . BEJS .
XFPL B WIS B BE DR i R e R B R T8 7 W) T g Sanger W (I 3cy 18 3d) &5 R R Z I BFHE BO P
G —2, Bk T AR T R HERR T
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a. ENATRER

1S4 @mfk: 189 495 TransGene 1 5&

CAGATTACCAAATATACTACAAAAAATTTCATGTATTTTTATGTATACGAAATTTTCATAATATTAAGAAGTAAGTATTACATTAAATTTTGGCTTTTTCAACCCTAGAAAGATAATCAT
GATTACCAAATATACTACAAAAAATTTCATGTATTTTTATGTATACGAAATTTTCATAATATTAAGAAGTAAGTATTACATTAAATTTTGGCTTTTTEFACCCTAGAAAGATAATCAT
TACGAAATTTTCATAATATTAAGAAGTAAGTATTACATTAAATTTTEGCTTTTTEFACCCTAGAAAGATAATCAT

ACGAAATTTTCATAATATTAAGAAGTAAGTATTACATTAAATTTTGGCTTTTTE%ACCCTAGAAAGATAATCAT
AATTTTCATAATATTAAGAAGTAAGTATTACATTAAATTTTGGCTTTTTE%ACCCTAGAAAGATAATCAT
TTCATAATATTAAGAAGTAAGTATTACATTAAATTTTEGCTTTTTEkACCETAGAAAGATAATCAT
AAGTAAGTATTACATTAAATTTTGGCTTTTTEFACCCTAGAAAGATAATCAT

TransGene 1748 153 a: 189 494

TTTCTAGGGTTAAGAGATGATGAACTCTTGTAATAATAGTACTCATTGTACATAGGTTTTGTTTTTCTTCCTAAATCTGGGAACTACATTATTTAATCTCGTATTAAACGTAAATCETTT

TTTCTAGGGTTAAGAGATGATGNZkTCTTGTAATAATAGTACTCATTGTACA

TTTCTAGGGTTAAGAGATGATGN:kTCTTGTAATAATAGTACTCATTGTACATAEG

TTTCTAGGGTTAAGAGATGATGN:kTCTTGTAATAATAGTACTCATTGTA
TTTCTAGGGTTAAGAGATGATG4:kTCTTGTAATAATAGTACTCATTGTACATAGGTTTTGTTTTTCTTCCTAAATCTGGGAACTACAT
TTTCTAGGGTTAAGAGATGATGﬂ:kTCTTGTAATAATAGTACTCATTGTACATAGGTTTTGTTTTTCTTCCTAAATCTGGGAACTACATTATTTAA
TTTCTAGGGTTAAGAGATGATG4:kTCTTGTAATAATAGTACTCATTGTACATAGGTTTTGTTTTTCTTCCTAAATCTGGGAACTACATTATTTAATCTCGTATTAAACGTAAATCGT

b. TransGene 1BE#FHEFF|Z. ABM R EBrcadstEX4ER
2153 @A 959 507 TransGene 27 B

TATGAGGTGGATTATTTTGAAAGTTGGCCTCCCAGACAGAATAGTAATTGGTTTATGGGGATACTTATTTAACAATACTATTAGAGGCGACTTCCTCTTAACCCTAGAAAGATAGTCTGC

TATGAGGTGGATTATTTTGAAAGTTGGCCTCCCAGACAGAATAGTAATTGGTTTATGGGGATACTTATTTAACAATACTATTAGAGGCGACTTCCTCTTAACCCTAGAAAGATAGTCTGC
ATTTTGAAAGTTGGCCTCCCAGACAGAATAGTAATTGGTTTATGGGGATACTTATTTAACAATACTATTAGAGGCGACTTCCTCTTAACCCTAGAAAGATAGTCTGC
TTGAAAGTTGGCCTCCCAGACAGAATAGTAATTGGTTTATGGGGATACTTATTTAACAATACTATTAGAGGCGACTTCCTCTTAACCCTAGAAAGATAGTCTGC
GCCTCCCAGACAGAATAGTAATTGGTTTATGGGGATACTTATTTAACAATACTATTAGAGGCGACTTCCTCTTAACCCTAGAAAGATAGTCTGC
GAATAGTAATTGGTTTATGGGGATACTTATTTAACAATACTATTAGAGGCGACTTCCTCTTAACCCTAGAAAGATAGTCTGC

CTTATTTAACAATACTATTAGAGGCGACTTCCTCTTAACCCTAGAAAGATAGTCTGC

TransGene 25 & 2153 @A: 959 507

AATATGATTATCTTTCTAGGGTTAAGTCAAAGTCGATGGGCGGAGCCATTGACGACGAGCACTCACGTGGACTCGTGACGTCATCTGGAGGGGCAACTCGTCATCTGGAGGGGCAACCGA

AATATGATTATCTTTCTAGGGTTAAGTCAAAGTCGATGGGCGGAGCCATTGACGACGAGCACTCACGTGGACTCGTGACGTCATCTGGAGGGGCAACTCGTCATCTGGAGGGGCAACCGA
AATATGATTATCTTTCTAGGGTTAAGTCAAAGTCGATGGGCGGAGCCATTGACGACGAGCACTCACGTGGACTCGTGACGTCATCTGGAGGGGCAACTCGTCATCTGGAGGGGCAACCGA
AATATGATTATCTTTCTAGGGTTAAGTCAAAGTCGATGGGCGGAGCCATTGACGACGA

AATATGATTATCTTTCTAGGGTTAAGTCAAAGTCGATGGGCGGAGCCATTGAC

AATATGATTATCTTTCTAGGGTTAAGTCE%AGTCGATGGGCGGAGCCATTGACGACGAG

c. TransGene 2FEfEBHERFFI A . HEM S Broadstb 3T R
ST 615 S o AR 216 1 2% PO AT DR AL 9 4 A B9 reads. B 628 BERC 0 S DR AR AT I . 1 (028 BOAC 6 3 R AR A 22 7
2 TransGene 1 3\ fiL i % 22 b 3 45
2.4 WBANALETENRERBIES T
RN FR G P 1% B 4 AL A 5 58 MERR R 52 ), AR WF S84 — S LY clean reads HEAT B AL AE .
BREETR N 2X L 4X, 6 X HZE 16X, XHHMEAY reads FFRPFE LY, BB EEL 11 K, DLULERUR LB
I 0 5 T8 R T P i A1 9 A A7 51 1) 68 7 808 (| 4D
) FH WG 53 % 5L XA BE( TransGene_1 5 TransGene_2) f4 42 3 PR 4 I 5 B, % 7 [ 90 3 4% 88 7 i 1Y
A AR A AL A5 1 0 I B HEAT TS (SR 40, SRR, D R B X A AL A A SR AR AE S
DT R A 2 X IsE T 03 B B AR I SR 23 501 A 40. 4965 18, 2%, KR4k 36. 4 % A1 18. 2% . X # B
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W P 68 T ORI o D TR BB A 5 < B, T o A 1 A R D R A R Ry 006, A T R 43 4R T & 90. 906 I
72.7% , XEIRE EMCI T IR BE T S B RO A R S . WP IREE N 6 X B, TransGene_1 1Y % 5 %34 5|
100 % s M FFEREEH 10 X B, TransGene_2 B %58 FALAF] 10020, /R 763X P AR BE R %508 &80 53 51l 34 3
el FTLL, ARWFFEINR . EF X 0 56 DR RHAl AR B i 28 . I3 R BE AL F 6 < 31 10X Z (8], B Al A £
U TE B A RO

HEHE AR ABMS HEHE AR ABMR
M1 2 3 4 5 6 M 1 2 3 4 5 6
500 —
1000 —
750 —
500 — 250 =
250 —
a. TransGene 1WA S TEPCRy 124 R b. TransGene 2M7 S FEPCRY EER
T1-G-Fap pT1-R-F w=pT1-L-R

d. TransGene 2F1ZFF 5|7~ B B K Sangerifl| fF 45 5%
1. 3.5 NEFAERZE R, 2,4, 6 NEEIEH K, M DNA 4 F&EARIE 2 000+, OB N RETFI], kOXRBREBEAELHE, §
OLRBRRBE, BORBKRBIRLH,
3 TransGene_l NGB, BB W S L E K Sanger il FF 45 R

. 2X |—=
. _— 4X |T—=— : 1
—_ T —  |mtummex — — =)
- — = — EE il ffyreads PRI = —
— = = B L 1A P73 5 B LE P Hireads

— reads — —

4 AEREMNFCHEEBNRS R
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x4 TRREHANEERR

7R/ X R ESS B A I 2/ Yo R E
Trans Trans Trans Trans Trans Trans Trans Trans
Gene_1 Gene_2 Gene_1 Gene_2 Gene_1 Gene_2 Gene_1 Gene_2

2 2 40. 4 18.2 36.4 63.6 36.4 18.2
4 4 0 0 36.4 45.5 63.6 54.5
5 5 0 0 9.1 27.3 90. 9 72.7
6 6 0 0 0 27.3 100 72.7
8 8 0 0 0 18.2 100 81.8
10 10 0 0 0 0 100 100
12 12 0 0 0 0 100 100
14 14 0 0 0 0 100 100
16 16 0 0 0 0 100 100

3 WwE5%®R
3.1 HERAMRETE

S BE DR A W) 2 e — R A8 52 R TE 1Y FE R W0 B R DR B A R 22 4 ) 5 2 R TR 7 i e A PR T
i o FEIX 7T SCHRE37 8 % 5% 3 RK R ] g 48 398 5 i 0+ 98 4 s o i) s i AT T IR AR SE . HE T 3
38 7 L DR AL 05, 0 DPA e 5 TR 2R 22 A P o O A . AR TR 938 4 2 DR A W0 ) 0 R o B Ok 7 A T A A
P R A IR 5 R PR TR A S A MR S0 E TAE . R Mg £ W] . TransGene_1 A3 A A A5
PET 1 Sy faik 1899 494 bp 5 1 899 495 bp Z[H; TransGene 2 [ AN S 07 T 21 S 4@k 959 510 bp
5959 515 bp Z I8, XA ANLG YR T RFE X, BARKSL, TransGene_1 i A o5 05 25 1 e 3%
KWMTBOMOO00059 1 173 bp, FEE FiEHEE KWMTBOMOO00060 3 194 bp; TransGene_2 3 A 25 H 25
U KWMTBOMO12353 25 903 bp, g FiFEH K KWMTBOMO12354 30 067 bp,

A FE A By 4 3 DR A0 7 B AR ORGS0 48 0 T A S R R A A B R TR B . T R
LN R AT S IEAT IR 3 Y, 3 SRR 5 AN R AT T A L D R AR S SR ) I EL T AE R AR
WTEHF R, EF7 R
3.2 ETFAEBHEXNFRERBED T

ABIFEAE D R BE S 20 X, T A By 4 5k A1 20000 5 500 X 4 A T DASE R o 3K 28 B L e TR
T B 6% 3R IR B A AR 5 R R A B Y reads. RN R . B A9 Y R BE AT 4R FHE IR R 2 reads MK
SRUS | E R b2 il 0 B S5 A AR A . AR BIF S AR ST T I R R 07 A v AR P A R e R B
A TT A [A) R B2 A AL, 25 2R s SR AR TR B D 6 <IN B AT S B0 e AL Y HE R S E . A
R s AS T FE R B 4 B8 2R A R ) AR BRI, SR ) — 1 BAT 3 2 clean bases (WA R 55 #8077 TR
JESR 10 X W4T 7 e 58 USSR AT 55 3 mli/F 2 A [0 5 SC P8 B A AL R PR PR ST I A A 22 ST B

TER BRI 5 A Y05 B T BOM S5 G 3E17T 40 A i . 78 2 A o T i 508 2 G s 2, SCHR(39 1R H
D P TR B8 R 182 < 1y 4 S5 DR A 00 5040 ot R PR SR A A 3 ol vl A 2 R DRSS 1109 JF J 2 Jik R 4 A6 01E
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