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PhageGT: dsDNA phage genome termini analysis software
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Abstract: [Background] With the reduction of sequencing costs, more and more scientists have used
high-throughput sequencing (HTS) technology to study the genome sequence of phages. Some termini
analysis theory or methods were developed by some scientists to determine genomic terminal sequences of
dsDNA phages. However, these methods are based on the commands under the Linux system. There is no
software under the Windows operating system. [Objective] A free software PhageGT, which can be used in
the Windows platform, was developed and can detect details of the genome termini of dsDNA phages
genome using HTS Reads data and the complete sequence of phage genome. [Methods] A dialog-based
Microsoft foundation classes (MFC) application was developed by Visual Studio 2019 and C++ language.
Corresponding algorithms were designed for reading HTS Reads data and calculation. [Results] The
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frequency of the Reads can be calculated and ranked in descending order. The ratio of the highest frequency
of the extracted sequence to the average frequency of the sequence (R) can be calculated. [Conclusion] This
software PhageGT is very practical. The software PhageGT and all the test data used in this article can be
downloaded for free from the website, https://zenodo.org/record/4543997#.YEhtG50zYhQ.

Keywords: dsDNA phage, high-throughput sequencing, genomic termini sequences, PhageGT
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£ SRT7.SRT7.500.500_1.fq
bEB@BBG:ZSl:HCSGSALXX:5:2119:3620:28822/1
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;EBGSO@:ZSl:HCSGSALXX:5:22@7:5397:38526/1
+
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GCCGGGTTATTACTCCACGCCTTTTTGAACATGCCGTCCCAGCTTCCGTTATAGTCGCGGGTAATCGGGTTATAGTTCGACTGGACGTTAATCATCTTCCACTTTTTACGAAGCGAAA
<--A<<F<-AJFIFJAJAAF7A-AFJA-<7-7F--FJ7F<F-FJ7F--F-FFFAJJFFFJ-A-<-FF<F---FFAAA7FIF-7AJ--7-A7F-7-7-<<AF7<AAJFJJJ7F-FA---
GACGTAGCCGGGATTATCGCCGCGACTTTCATTGAACTGAAAACTAAAACGCTTAAGTGTACCGGGCTTGACCACAAAAACCCGGTTAAGAAATCGTTCACTGTCGGCAAGCGATATC
A-AFFJJF<<AAFFJFJJ3333337FAJJF73JF73<JJFJ333J3FFJJF3JJ-FIFFJJJF77F7FAJJIJ33333F333JAFI<JIJIFFJIJ3333JF333333F33333FFJIFFJ3333
AGCTGTCCTGTTGCCGCGCTAGTGATTGCAGCGCCGCCAGTGCCGGACGTTGCAGCGTGAATAAAGTCTTTCATGAAATACCCCACAATAAAGTTTTAAGTTAGTGGGGATATAATAA
AAA-F<J7-<-FJIF-FJJJ7-FAF-A<FFJJFFFAAJ<<77F<<FFFA<JF7<AFFJJF7AJFFFIJJFFFFI-FF-FA-<FJA-7-F-3-3377--7-77AF-7-A7A--F7<F-A<
AAGAACTTTTCGCATTGTAACGCAAGCGTCGTATGCTTCGGCGTCTACTAACTGCTTGCCTTCTGCCCGCGCTTCGGCTTCCGCCACCATTTCGATCAGGTATTGAACGTTAAGCAGT
AAFFFJJFJIJJAJI<-AAJIJIFFJJ333JAFFJIJ333333<3333JA3JJFIIFIF<IAJIIIIIII-FIJII-AT7FIIIIFAAI<ATI<I<F<T7-A-7-AA-A-<IFFFFFFF<FFJ7<7F
CGGAAAGTATCGACATTCTCGCATAAAAAAGGAGGCTTTAAGACTCCTTATTTTGTTTCCTGTAACTGATTGACCACAACAGCCCCGCACAAATCAACCACGCCGCAATCATGCCGCC
AAFFFJJJFJJJJFJJJIAFIJIIFI<I-J3JIFIFIJIFFFAJ7FA7-FAJJJJJFI3-7--FF-<<JA77FJA<A<AJIFFFF--77-7AAJAJJ<FIA--AF-777FFFJIFAF<JFF

TTTCTTTTTGCCACTATTCAATGTAGTCTTTTTTTAAAAAAATTGAGAATGTTTTCAGTCATACAGACCAAACAAAAATGCAGTAGAATCGTTATGTATTCCACGCCTGGAATATTGA

Aut EF Q‘
1 SRENFERXH
Figure 1 High-throughput sequencing result file
" PhageGT — m} P %7F Denome Termini Analysis x

1.Please enter the sequence
length you want to select first
2.The length of the genome

Please import the virus group high-throughput sequencing file (**.fq)

3.open a file

about drop out

B2 #®H4EF|E

Figure 2 Main interface of the software

f PhageGT, Version 1.0

Author: Tian Zhen Fan Xiangyu
Unit: University of Jinan
email:cnsdcptz@gmail.com
Software introduction: PhageGT1.0 is a free software for virus group

high-throughput sequencing fies under the windows platform. This file
adopts a graphical nterface

And has the functions of sequence fle screening, frequency calculation,
sorting, and different sequence ratio calculations. It is a practical and
convenient tool for bioinformatics analysis under the background of
imited biological software, especialy

The main

1. Remove the repetitive sequence in the file and count the
number of occurrences of the sequence.

2. Caleulate the frequency of each sequence.

3. Sort the selected sequence according to frequency.

E3 XTHE

Figure 3 On the interface
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Figure 4 Number of bases
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Figure 5 Length of the genome

)
1.Please enter the sequence |[2p
length you want to select first
2.The length of the genome | 39883

Please import the virus group high-througfiput sequencing file (**.fq)

3.open a fie

about drop out

6 FTFXCHIRHE
Figure 6 Open the file button
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Figure 7 File type selection
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=
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Figure 8 Select the file

157 FFRHIEBIT

RGBT R s Bdsise i, ol HER
s, Bdmslioeke, wiE 9. |’ 10, K 11
FiroR, SRR P 50 B, 75 S5 1 I 1) e AL 4 5T
B A BT A SO R AT BE 2 B R A R
N, XJETIERIG, BB TEistT,
L EAT
2 HR5Wi
2.1 EFEAFTILIETTEE R R L ST

[A] — 5 5 1 o] 1z ] gl P O A5 R, &
S AP A B o S AT LB 470 R A [ £
I I B8 S 4008 0 RSO R, angk 1.
F2. K3, RKAPIR,

" PhageGT — O
1.Please enter the sequence |20

length you want to select first

2.The length of the genome 39883

Please import the virus group high-throughput sequencing file (**.fq)

3.open a file

about drop out

B9 HIEIEE
Figure 9 Data reading

" PhageGT - O
1.Please enter the sequence |20

length you want to select first

2.The length of the genome (39883

SRT7.5RT7.500.500_2 is exported to the root directory of Disk D

3.open a fie

it takes time:14.0 hour

R value is:157.1
There is a fixed end

about drop out

Bl 10 HESHEE
Figure 10 Data export is completed

SRT7.SRT7.500.500 2.0xt - 12 - o
SHHE) SAE) %0 BEV) W)
R value is:157.1
There is a fixed end
sequence frequency Percentage
TCTCAAAGATACAACTCCCA 2513 0.1932%
AGGGACTGAGGCATAACCAA 2436 0.1873%
CTCAAAGATACAACTCCCAA 1853 0.1425%
ATCGTCGTCGTAGGCTGCTC 1312 0.1009%
AACCTCACGCGGTGGACTCA 087 0.0759%
GTATCGCTGGACACTGGACC 910 0.0700%
GAGGCCGACTGATCTACCTG 574 0.0441%
CGCATTGGTCGGCACTTGGT 425 0.0327%
CCGCCGACTAATGCGTAGTC 218 0.0168%
ATTAACCCACACTATAGGGA 130 0.0100%
AGGGACTGAGTCATAACCAA 107 0.0082%
CTCCCTATAGTGTGGGTTAA 101 0.0078%
CTTTCAGTTCACCTTTGGTG B 0.0070%
=207, ®17 100%  Macintosh (CR)  UTF-8

B 11 HiEAIELER

Figure 11 Data processing results
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% 1 SRT6 EEDHTLER
Table 1 SRT6 forward analysis results

J¥%! Sequence T JL 741 Base sequence (5'—3")

H B AL Occurrences S Frequency (%)

Sequence 1 AACCACGAACCCACTAGGCA
Sequence 2 AGCGACAGCTTACACCCGTT
Sequence 3 GACAGCTTACACCCGTTCCC
Sequence 4 GAACCCACTAGGCATACCTA
Sequence 5 GGGTGGCCGTGGTCTTTCCT

4676 0.095 7
2 699 0.055 2
749 0.0153
446 0.009 1
380 0.007 8

X2 SRT6 REHSHER

Table 2 SRT6 reverse analysis results

J¥#%1 Sequence %3 ¥ 51 Base sequence (5'—3) H IR EL Occurrences S Frequency (%)
Sequence 1 AACCACGAACCCACTAGGCA 4 389 0.089 8
Sequence 2 AGCGACAGCTTACACCCGTT 2479 0.051 1
Sequence 3 CCccecececcececcececceccececce 901 0.018 4
Sequence 4 GACAGCTTACACCCGTTCCC 732 0.0150
Sequence 5 GAACCCACTAGGCATACCTA 442 0.009 0
%3 SRT7TEESHLER
Table 3 SRT7 forward analysis results
J¥%1 Sequence %3 ¥ 51 Base sequence (5'—3) H B AL Occurrences S Frequency (%)
Sequence 1 AGGGACTGAGGCATAACCAA 2 889 0.2222
Sequence 2 TCTCAAAGATACAACTCCCA 2 062 0.158 6
Sequence 3 ATCGTCGTCGTAGGCTGCTC 1353 0.104 0
Sequence 4 GTATCGCTGGACACTGGACC 1129 0.086 8
Sequence 5 AACCTCACGCGGTGGACTCA 913 0.070 2
%4 SRTT RESHER
Table 4 SRT7 reverse analysis results
J¥%1 Sequence %3 ¥ 51 Base sequence (5'—3) H IR EL Occurrences $i2 Frequency (%)
Sequence 1 TCTCAAAGATACAACTCCCA 2513 0.193 2
Sequence 2 AGGGACTGAGGCATAACCAA 2 436 0.187 3
Sequence 3 CTCAAAGATACAACTCCCAA 1 853 0.142 5
Sequence 4 ATCGTCGTCGTAGGCTGCTC 1312 0.100 9
Sequence 5 AACCTCACGCGGTGGACTCA 987 0.0759

2.2 FWEEBEM R EXN SRR E

&£ 5 AIEXFR—4U75H R EHR/ME
U, AT LW A AR AR o, (R RE T8 5C
(NN RN LR 151 RVER i D =T O R N T
i T B LA PRI A B TRt R AN TR A, o O A
e A B [] s
2.3 MEEKERE BRI

FH 2 5 AIA5 2 AW BRI R L A7 e R o,

T, E2, 3, L 4THIERFEIK SRT6, MERF A
SRT7 R HFALE 2 4 F WS HF
5'-AACCACGAACCCACTAGGCA-3'f15-AGCGA
CAGCTTACACCCGTT-3", 5-AGGGACTGAGGC
ATAACCAA-3'Fl 5-TCTCAAAGATACAACTCC
CA-3'. Wk 5 PR, Kun/psl5H—Mra B
R HAESA 178.13 (MERR STR6 [YIE[]).

167.20 (WEEK STR6 AYSLI), 177.24 (WERAIA
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Table S Sequence analysis results

FP 3 3 RAEK/N e B AR SR/ FH

The sequence file R value size Whether there is an end File size (Mb) Use time (h)
STR6 positive direction 178.13 Yes 1628 24.4

STR6 opposite direction 167.20 Yes 1 628 29.0

STR7 positive direction 177.24 Yes 429 7.1

STR7 opposite direction 154.17 Yes 429 14.1

STR7 MIETA]) . 154.17 (WEE K STRT By FLIH]). R
#it SRT6 F1 SRT7 (4= K 41351 L Je © HeE i3t
S UYL S50 o i B A 36 TN 41 4 0 A7 A A
1 165 bp (F19968, R21132)F1 175 bp (F1, R175)
ONERT N N
24 BRHEBEAMFERES T

# STR6., STR7 F1 NCBI %i#i %8 Hh ML 1L HX

Linux R4 Tl 247 A 1o 4
ARTR], BT LART LA U 0t 1 B A 65 v 1 T T
e PR IEIRCR 41 2 72 NCBI £ v Bl AL
VEICRY , i LURT DL T O 3R A s Y5
M

%R 7 PR Windows REGE T AT
WA EUTE Linux R8N ar 48R0 175U,

1) 8 AR EE(20 A8 ) Al 7E Windows 2R 48
IR (R KR E BB 20) MIFE Linux
A5 M a4 awk 'NR%4==2' XXX fastq|sort/uniq-
¢ -w20|sort -g -1 -0 XXX.Freq

WX 6 15t 8 p it 58 45 R 51

£6

AT o

Windows #1 Linux &4 THIXTEE 1

Table 6 Comparison between Windows and Linux1

Fr LA A e s A7 I E] BN Linux 448454
Lo EIERAE Al LB R (I FIWE 5 A
A AN, FF AR Windows REEF 1 KIS
T, fEERAERE . B, 5T AR Linux
S TAENG

E3

527 %3751 Base sequence (5'—3") UREL Occurrences
Sequence Windows Linux Windows Linux
STR6 positive direction 1 AACCACGAACCCACTAGGCA AACCACGAACCCACTAGGCA 4676 4676
STR6 opposite direction 1 AACCACGAACCCACTAGGCA AACCACGAACCCACTAGGCA 4 389 4 389
STR6 positive direction 2 AGCGACAGCTTACACCCGTT AGCGACAGCTTACACCCGTT 2 699 2 699
STR6 opposite direction 2 AGCGACAGCTTACACCCGTT AGCGACAGCTTACACCCGTT 2479 2 479
STR6 positive direction 3 GACAGCTTACACCCGTTCC GACAGCTTACACCCGTTCC 749 749
STR6 opposite direction 3 CCCCCCCCcCcrrecececececececeee - ceeeecccececececececececececeecee 901 901
STR7 positive direction 1 AGGGACTGAGGCATAACCAA AGGGACTGAGGCATAACCAA 2 889 2 889
STR7 opposite direction 1 TCTCAAAGATACAACTCCCA TCTCAAAGATACAACTCCCA 2513 2513
STR7 positive direction 2 TCTCAAAGATACAACTCCCA TCTCAAAGATACAACTCCCA 2 062 2062
STR7 opposite direction 2 AGGGACTGAGGCATAACCAA AGGGACTGAGGCATAACCAA 2436 2 436
STR7 positive direction 3 ATCGTCGTCGTAGGCTGCTC ATCGTCGTCGTAGGCTGCTC 1353 1353
STR7 opposite direction 3 CTCAAAGATACAACTCCCAA CTCAAAGATACAACTCCCAA 1 853 1 853
SRR 13926753 positive direction | GATCGGAAGAGCACACGTCT GATCGGAAGAGCACACGTCT 22 564 22 564
SRR13926753 opposite direction | GATCGGAAGAGCGTCGTGTA GATCGGAAGAGCGTCGTGTA 21134 21 134
SRR13926753 positive direction2 CCAAACGCAACAATCGAAGC CCAAACGCAACAATCGAAGC 415 415
SRR13926753 opposite direction 2 CCAAACGCAACAATCGAAGC CCAAACGCAACAATCGAAGC 324 324
(Fi%%)
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SRR13926753 positive direction 3
SRR13926753 opposite direction 3
SRR13783533 positive direction 1
SRR13783533 opposite direction 1
SRR13783533 positive direction 2
SRR13783533 opposite direction 2
SRR13783533 positive direction 3
SRR13783533 opposite direction 3
SRR10882832 positive direction 1
SRR10882832 opposite direction 1
SRR10882832 positive direction 2
SRR10882832 opposite direction 2
SRR10882832 positive direction 3
SRR10882832 opposite direction 3
SRR10882831 positive direction 1
SRR10882831 opposite direction 1
SRR10882831 positive direction 2
SRR10882831 opposite direction 2
SRR10882831 positive direction 3
SRR10882831 opposite direction 3
SRR10882571 positive direction 1
SRR10882571 opposite direction 1
SRR10882571 positive direction 2
SRR10882571 opposite direction 2
SRR10882571 positive direction 3
SRR10882571 opposite direction 3
SRR 10760098 positive direction 1
SRR10760098 opposite direction 1
SRR10760098 positive direction 2
SRR10760098 opposite direction 2
SRR 10760098 positive direction 3
SRR10760098 opposite direction 3
SRR14121700 positive direction 1
SRR14121700 opposite direction 1
SRR14121700 positive direction 2
SRR14121700 opposite direction 2
SRR 14121700 positive direction 3
SRR14121700 opposite direction 3
SRR10210268 positive direction 1
SRR10210268 opposite direction 1
SRR10210268 positive direction 2
SRR10210268 opposite direction 2
SRR10210268 positive direction 3
SRR10210268 opposite direction 3

ACCAAACGCAACAATCGAAG
CACCAAACGCAACAATCGAA
GATCGGAAGAGCACACGTCT
CTAAACAAGGCACACACAAG
CTAAACAAGGCACACACAAG
GTCGCGCGLCeeaeecaecece
GTCGCGCGCCCCaeeeaeece
CCGACCTGTAACCAAGACGT
GTAGCTCCAGTTTTGCCCAG
CGTCAAAAGGCGACACTTTC
CCAAACGCAACAATCGAAGC
GAACGACATGGCTACGATCC
CGTCAAAAGGCGACACTTTC
GTTCCTCAATTTCCTCTTTG
CCAAACGCAACAATCGAAGC
AGTTCGCGCACTCGACGTAA
AGTACCCTGATTACGTCGAG
AGTACCCTGATTACGTCGAG
AGTTACACATGTGGAAGGGG
GTCTTTGTATTTCTGTAGCT
GTGAAACCTTCCCCTCTTGC
GTGAAACCTTCCCCTCTTGC
AATAGCACTTTTTGTTAAAA
AATAGCACTTTTTGTTAAAA
GTTTTAACAAAAAGTGCTAT
AAATAGCACTTTTTGTTAAA
AATAAAGACCATGCGACTTT
AATAAAGACCATGCGACTTT
GTTATAAGGTTGTCCCATTT
GTATTAGTAGCAATATTAAA
CTCCCACACTGAGCGCTTAG
GTTATAAGGTTGTCCCATTT
GTCCTGGACCTCGTAGGGGC
GTACTGGAACAGGCCGGTGG
GTGCAATGGGTGTCCGGGAC
GTGCTGGCCAAGGGCCGCGG
CCCATTGCACCGTGCAATCG
GTGTACGACTGCACCTGCAG
CTCCTACACCGTTCGTTAAA
CTCCTACACCGTTCGTTAAA
GTGTAGGAGAAGTGTTTGCC
TCGTTATACAGTGCCTCATA
TCGTTATACAGTGCCTCATA
GTGTAGGAGAAGTGTTTGCC

ACCAAACGCAACAATCGAAG
CACCAAACGCAACAATCGAA
GATCGGAAGAGCACACGTCT
CTAAACAAGGCACACACAAG
CTAAACAAGGCACACACAAG
GTCGCGCGLCeeaeecaecece
GTCGCGCGCCCCcaeeeaeece
CCGACCTGTAACCAAGACGT
GTAGCTCCAGTTTTGCCCAG
CGTCAAAAGGCGACACTTTC
CCAAACGCAACAATCGAAGC
GAACGACATGGCTACGATCC
CGTCAAAAGGCGACACTTTC
GTTCCTCAATTTCCTCTTTG
CCAAACGCAACAATCGAAGC
AGTTCGCGCACTCGACGTAA
AGTACCCTGATTACGTCGAG
AGTACCCTGATTACGTCGAG
AGTTACACATGTGGAAGGGG
GTCTTTGTATTTCTGTAGCT
GTGAAACCTTCCCCTCTTGC
GTGAAACCTTCCCCTCTTGC
AATAGCACTTTTTGTTAAAA
AATAGCACTTTTTGTTAAAA
GTTTTAACAAAAAGTGCTAT
AAATAGCACTTTTTGTTAAA
AATAAAGACCATGCGACTTT
AATAAAGACCATGCGACTTT
GTTATAAGGTTGTCCCATTT
GTATTAGTAGCAATATTAAA
CTCCCACACTGAGCGCTTAG
GTTATAAGGTTGTCCCATTT
GTCCTGGACCTCGTAGGGGC
GTACTGGAACAGGCCGGTGG
GTGCAATGGGTGTCCGGGAC
GTGCTGGCCAAGGGCCGCGG
CCCATTGCACCGTGCAATCG
GTGTACGACTGCACCTGCAG
CTCCTACACCGTTCGTTAAA
CTCCTACACCGTTCGTTAAA
GTGTAGGAGAAGTGTTTGCC
TCGTTATACAGTGCCTCATA
TCGTTATACAGTGCCTCATA
GTGTAGGAGAAGTGTTTGCC

314
239
1291
855
976
710
835
53
276
263
273
260
267
234
337
255
287
221
261
219
2020
1 430
550
540
433
391
340
296
250
267
255
264
43

50
42
47

41

34
3688
3534
3133
2875
2912
2 840

(B 6)
314
239
1291
855
976
710
835
53
276
263
273
260
267
234
337
255
287
221
261
219
2020
1430
550
540
433
391
340
296
250
267
255
264
43
50
42
47

41

34

3 688
3534
3133
2 875
2912
2 840
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% 7 Windows #1 Linux ZZ TAIXT EE 2

Table 7 Comparison between Windows and Linux2

Fe5l SCHERN

I} Use time (h) FHI} Use time (min)

Sequence File size (Mb) Windows Linux
STR6 positive direction 1628 10.2 8
STR6 opposite direction 1628 11.3 8
STR7 positive direction 429 8.2 2
STR7 opposite direction 429 6.3 2
SRR13926753 positive direction 602 3.2 2
SRR13926753 opposite direction 602 33 2
SRR13783533 positive direction 517 2.9 2
SRR13783533 opposite direction 517 2.8 2
SRR 10882832 positive direction 1310 6.2 5
SRR10882832 opposite direction 1310 6.5 5
SRR10882831 positive direction 1290 7.2 4
SRR10882831 opposite direction 1290 7.1 5
SRR10882571 positive direction 1290 6.8 6
SRR10882571 opposite direction 1290 6.5 5
SRR10760098 positive direction 423 4.2 3
SRR10760098 opposite direction 423 4.1 3
SRR14121700 positive direction 21 20 2
SRR14121700 opposite direction 21 25 2
SRR10210268 positive direction 2 028 12.1 10
SRR10210268 positive direction 2 028 11.5 10
3 4 L HTAZ A Fh AR W R 2 0] B 5 R ARSI N

B ER el s & NIDY -4 SH C 5 I U SRV N
it 2 Ak B 3 R P 8104 RGBSR AR o B R R T
P, ELA R 2 G ] ) A DR ol o 0y 1Y
Bedha oy b ds B HEE N AR s 5 2 o (L RARAY 23 B
i RE T EEAH LAY e A AL AR 5N T s A P
X LEFy A FU A B T3S LA B A s a]
WFN B3 AT LURE B 22 B ik (] 50 A 210 504 {6 ) 5
], KFMCHT A AR Linux G0 WEER AL 4 5
AR Y, e Windows REETF
BTN, FTLGEARAZE Linux RGEHFHIT
TAEEA X T2 Linux REMEFE], 2%
(% Windows 2 St (45 KA BIV AT g B 4 T 580
AbHE

HE, THENEAR AL RS TiX —EWE
R K, AR RRIE A B4R T — A i
GRS, AR ATRT DA B TR | fRj R
A TER AL ARPEFRATINR 2 DR AR
T IV A i I UEZE S AT LA H MBS AT AT
AL TR B A5 B A R R TR A5 R . (Ho2
T HEIAS [F 2 w5 45 e 38 5 0 19 7 910 SCAAE 1) 4
RT3 N (O 2 o 7 N [ € E S ER I D IR
AT B, 7 F K5 Z AR DE I Y Ak 345 A
TEJG SLMUA th IR AT S R A T T 9, DA At
A LA PRI AT BB 43R 28 vl S anil e Eics 3
JIr A s 5 AN AR F 34 AT A https://zenodo.org/
record/4674231#.YHADb-gzZxc % 274515 .
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