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ABSTRACT

Nucleotide sequences of DNA contain information about the genetic characteristics of organisms, and in particular, single nucleotide
polymorphism (SNP) that shows a difference of one nucleotide sequence in DNA may also affect phenotypic variations. Therefore, it
is necessary to precisely read the nucleotide sequence information for the improvement of economically important traits in domestic
animals. Sanger sequencing, one of the DNA sequencing methods, is widely used for the verification of genome-wide association
study results and the analysis of DNA sequences from small- to medium-scale experiments. Several programs have been developed
to analyze such sequencing results, of which STADEN package (https://staden.sourceforge.net), one of the open-source programs, is
a useful program with a great cost advantage compared to other commercialized programs that require a license fee. Through the
Pregap4 and Gap4 programs installed in the STADEN package, sequence assembly and editing analysis with user-provided settings
can be conducted to detect SNPs. The nucleotide sequence results of the STADEN package can be used for follow-up bioinformatic
analyses such as database query or phylogenetic analysis.

Key words: DNA sequence, Sanger sequencing, STADEN package, Pregap4, Gap4, SNP

Introduction

FHA/ S 2= DNA (Deoxyribonucleic acid)2] 7] 25291 7 22| 2 EFo| E(nucleotide) A B EE H5| s =at= A
2 AR ATE o] & o] 83 783 A Tl L3 AT-S St o] & flsto] 19701 HH, DNA 7| A E 2 sl =at7] f1g
719 7o) A 2t= o] T Aol A 300~500 bp2] DNA Al E2 353 4= Q= 712 E<A151S (DNA sequencing) B o] 7HEE] S
Ch(Sanger et al, 1975; Maxam and Gilbert, 1977). 53], Frederick Sanger (1918~2013)+= At410] 7HEst T 6| 2-A|-3-AFAl| (dideoxy analog)2}
DNA S a4E o] 85 w21 §-82% 0| et DNA Al A W (Sanger sequencing)= ©]-8-5lA] bacteriophage (pX1742] DNA &
71ME 5,28670(Sanger et al., 1978), AF2] o] EZE 2o} DNA A€ 16,5697 (Anderson et al., 1981), 12| 1L E. coliS G A7 = A ThA]
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O] DNA M€ 4851370 & 2H451HA| sl =513 Th(Sanger et al., 1982). 0] %, WA 59 € 4 7]181] Sanger sequencing 71418 A&
2 FENATIREY] A EH 0 2 W E| o] QIHAlsZ 24 E o] DNA Q7| 240 a8 92 sIlaL, A= de] A
2531 R ThSmith et al., 1986; Lander et al., 2001).

o] e} Zro] DNA sequencing |0 E]2] ¢ TE3F 770l we, o] & &84 02 x{2|s7] 9J3t FE 28 7iidhe] B e Ado] o
FE Atk 19770] SEQEDT, TRANSQS} 22 7HASH DNA A|E A B4 2 =) 50] H 1% 2 (Staden, 1977), AF5-8HH sequence
assembly®} 22> 2|21 Q1 B o] Qo] 2tTh(Staden, 1982). NGS (Next Generation Sequencing)”’} A-8-3He Aol A= AHAH=Z
Sanger sequencing 222} £A] B Y2 05| Wo] o] Fojx| 11 g]r} o|ef 7+ Z}o] gk ¢ 2lo] H A H|-go| gho] Soi7}
/& Z2a 08 FAR T Qle= 4ol A STADEN #7| 2| 2] 9 &gt 7] 50| F 52 Al FHrhe HollA -84 o = nj¢-
-85t =2 J340|th STADEN 37| A]+= Optimal alignments in linear space2} Dynamic programming®]] 7] %3t 2 131 © 2 (Myers
et al., 1988; Huang, 1994), STADEN Ujoll= 11.8-9] 7|52 43)5}= ofg] =2 a0 2 JLAJx|of Qlom 7|z U] =2 12lo] ¢}
FSh thE 1 -8 2o] 2 oA| ol Yt} wabi| 2 J1oj|A)= STADEN 7] 2| & o] &-35}o] HlE| DNAE ti7H5HA] Q-2 PCR AHE:
9] A7) X Dol 5= 912t Direct Sanger sequencing A2Hg TSI £AI5Ho], 2| FH 0 2= FHE k= SNPL| RHA & 475t
TR} S,

o
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Practice
STADEN 7] Z]+= 97141 handling2} 2A}0l] ARG 1L Q= AT E QO] 2 A] sequence assemblyFE] 132, A|gHa 4 2H-8-9)
2] 9 motif 57 & TRt HEG RS} EA o] 7h53h gtol A H]go] 7] g 59| AXES|ojolr}. STADEN H|7] 2]+
Gap4, Pregap4, Trev, Spin 2] o]2] L2 0 = AE|o] 1o, ofgle] URLOIA theEEste] AX|g 4= glom, 2110f49]

AEE &Y A X EQ|o]+= Microsoft Windows 11 7| &0 2 st}

Table 1. Programs in STADEN package

et 715

Gap4 A2 oMl 52, read pair H|OJE]E 7|HEC 2 5h= contig FE, AlEA H]WLE 7|9EC & SH= contig joining, o141
E2] ZAL read pair +4] 2 contig HY

Pregap4 Al oAl EE] = BS 95 trace HIOJEIE preparedh= tl] E 23 processing A7 (trace 4] ¥ quality
analysis, vector clipping, contaminant screening, repeat searching, mutation detection)

Trev ABI, ALF, SCF ¥ ZTR trace T+ 5o 3 Y

Prefinish Partially completed Al o}l E2] 24 4 7 &84 set of experiments to help finish the project At

Tracediff and hetscan Trace dataZ reference traces?} H|w'5}o] E<IHH0| S 2150 2 annotation

Spin 71 LS BAJ5to] 372 restriction sites, 2] 5-8 %Ho W translation, find open reading frames, count

codons 52 2¢1 =3}
https://staden.sourceforge.net/

oo 2O E F EAlof|A] AREE T2 7302 Gap4?t Pregap4©| ™, sequence?] 743~ Carassius auratus (NCBI accession number:
MT155797~MT155801)2} Carassius cuvieri (NCBI accession number: MT155802~MT155806)2] CYTB 33} sequenceS A3}
(Kim et al. 2020). Pregap4 =2 1583- 0]-8-5}0] Yoh= A7 oll 9+ DNA sequence assembly S 5332 Z10] ™, Gap4 T2 13- 0]-&
5tof PCRo]l 215 43/d % DNA T 2] 7]M B2 £AJ51aL, HHE 2 51= SNP2] chromatogram ¥} 1 57321 & 2le Zio|th

Pregap4Z 0|23t DNA sequence assembly 33

Pregap4 T2 18-S A3Y51A| B, ofefje} 2H2 sh o] Ho|A| "ot Add filesE 283t0] A4 Ho|glE =2 3o 2
t}. A1/ dlo]E] -2 ABI, ALF, SCF, CTF, ZTR, FASTA, txt @ A]o]ojof ohH, th2 2} oh= mfd 5] PAlo] BE 22 Q.
Sk SFARE A| -/ TlolEle] A= Erjyo] SR A/dH 4, At utd o] THE0 A= IO A error} S A= E T
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A= A S dFett.

el

nEL e
o2 rr rlo

il

Journal of Animal Breeding and Genomics 2


mailto:gjlee@cnu.ac.kr

Practice of STADEN package to detect SNPs

¢ Pregap4 version 1.6-r - o X
File Modules Information source Options Help

Files to Process Configure Modules Textual Output

List of files to process

. ——
C:/Users/user/Desktop/ABI_Files/C0-DD_CYTBLF.abl . S
I C:/Users/user/Desktop/ABI_Files/CO-DD_CYT21R.abl Output filename prefix [pregap
C:/Users/user/Desktop/RBI_Files/Cl-DD_CYTBIF.abl l N T - -
C:/Users/user/Desktop/ABI_Files/Cl-DD_CYTBIR.abl 1 Output directory prefi|skzop/ABI_Files
I C:/Users/user/Desktop/ABI_Files/C2-DD_CYTBLF.abl r S N S | i e e

C:/Users/user/Desktop/ABI_Files/C2-DD_C¥T21R.abl || L Add fles (]

C:/Users/user/Desktop/ABI_Files/DD0-DD_CYTBLF.abl I

C:/Users/user/Desktop/ABI_Files/DD0-DD_CYTBIR.abl Add BioLIMS files |
C:/Usexs/user/Desktop/ABI_Files/DD1-DD_CYTBLF.abl |

Jlic: /Usexs/usex/Desktop/ABI_Files/DD1-DD_CYTBIR. abl

Ic:/Usexs/use:/nesk:op/nz_ri1.:/DD:—DD_CYTBLF.ab1 Add fie of filenames |
C:/Users/usex/Desksop/ABI_Files/DD2-DD_CYTBIR.abl ||
L L L L L Ty Clear current st |

Save curent st to...

Run| Help

Figure 1. Display of Files to Process. The figure above is the display of pregap4's files to process panel. The
sequencing data to be analyzed can be loaded by clicking “Add files (right red box)”, and you can check the
imported data files in the list of files to process (left red box).

Configure Modules S 25| = of2fje} ZH2 glHo] Hom, fZof= 5 F50], R 8o ZFof tigh 4 sfido] &
Al BE o] [ ] A= sl 2Eo] HiZAdeh © Y-S UEtUiH, [x] EAE sid Zao] 4ok AJEdS Uehdth
D55 35 &/Jskst B E-2 Estimate Base Accuracies, Trace Format Conversion, Initialise Experiment Files, Augment Experiment Files,
Quality Clip, Gap4 shotgun assembly 2 Figure 22} 20| o] 2 & 9] o] t}2 B EE5-2 v|2/Js} st

§ Pregap4 version 1.6-r - [m] X

File Modules Information source Options Help
- -

Files to Procegg Configure Modules gTextual Output
lnmﬂ&hﬁﬂlhnu-SMmMmm
[ ] Phred
]_AT_QA_ P S Get entry names from biace files
x] Estimate Base Accuracies ok | & No
x] Trace Format Conversion ok I ¢ Yes
x] Initialise Experiment Files -
ﬁx] Augment Experiment Files ok I
T, T N— Y
] Sequencing Vector Clip
] Cross_match
] Screen For Unclipped Vector
] Poly-AClip
] Cloning Vector Clip
] Screen Sequences
]
]
]
)

Interactive clipping
Heterozygous Indels
Reference Traces & Sequences
T T T
x] Gap4 shotgun assembly edst]
T e o —
[ 1 Enter assembly (into Gap4)

Run| Help on moduie

Figure 2. Display of Configure Modules. The figure above is the display of pregap4's configure modules panel.
To perform the assembly of imported Sanger sequencing data files, six modules in the red box are expected to be
activated, and the other modules are deactivated.
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Quality Clip 252 225} Figure 32} 70| 2 2Z0f 1/ mljdo| T AJH T} Quality Clip ©-5-2 sequence =2 0] o} assembly
£ Y5t7|ofl AetstA] &2 sequence 91X E B sh= 7152 SHH, o] 2ol A qelip 2130 0]-&F T Clip mode= “by base
calls”2} “by confidence” = 7FA| 2, o1 7] ol A= “by confidence” - EZ clipping= 5351301, 3| ©.E+= clipping quality’S 27
S} uf| Phred-scaled confidence %t AFHE-5}H0] clippings 43 SHH(Ewing et al., 1998). “by confidence” = =.2] Window length+ A2 =

7} 35t = window?] Aol & AAslFH, o 7] o)l A= Window length S 252 A %5531t} Average confidence= A|FA7E2 &
A 2 drol50d2]7] 9Jet 2 A Bt A2 =5 A, of 7]of| A= Average confidenceS 352 A& 3= 3Tt

§ Pregaps version 1.6-r - m] X
File Modules Information source Options Help
Files to Process Configure Modules Textual Output
General Configuration ok Save these parameters
[ 1 Phred
[ ] ATQA Clip mode " bybasecals & by confidence
[x] Estimate Base Accuracies ok Miintm asdert o
[x] Trace Format Conversion ok Masiiae stk 599399
Ex]  WtiaNse Experimont Fles Miritrum lengih (eject f too short) o
[x] E Files ok
lity Cli k
[x] (?ualty s - F-_-—--wm%_-----
[ 1 Sequencing Vector Clip Window length
[ ] Cross_match Average confidence 35'
[ 1 Screen For Unclipped Vector | 4 ma
[ 1 Poly-AClip Cip by base calls
[ 1 Cloning Vector Clip Stast offset 70
[ 1 Screen Sequences 3 window length 100
[ ] Interactive clipping 3 rumber of uncalled bases s
[ ] Heterozygous Indels 5" viindow length 25
[ 1 Reference Traces & Sequences 5 rumber of uncaled bases 3
[ 1 Mutation Scanner
[x] Gap4 shotgun assembly edit
[ ] Phrap assembly
[ ] Enter assembly (into Gap4)
Run Help on module

Figure 3. Configuration panel of Quality Clip. The figure above is the configuration panel of the quality clip
module of Pregap4. This module determines the locations of low-quality sequences that are not suitable for
assembly. The window length in the red box is the length of the window to average the reliability, and the average
confidence is the minimum average confidence level for the sequence to be accepted as good quality.

Gap4 shotgun assembly &2 S35 Figure 49t ZHo] R £ F1/d mfjdo] BA|ET) o] HE2 Gapd AHA| oAlEd] Izl
M-85t Al AE- assemblySHe, 0] /8 T2 2] Gap4 database name©l| /3 5+32}F SH= output THA 2] 0] &2 Y25l Create new
database S 2 St o] output TH o] YA E - E2|o]| FU3F o] 52| 7|& tlo|gH|o| A7} = B¢ B glo] Abso g |
o] 2o|y Fo]afjoFstt} 2] 3 Maximum percentage mismatchS- 2022 A% 8| Tk Maximum percentage mismatch+= gap4 U] 5
assembly TH7H~E Ao 3| F=t, gap4©l| A Z} reading= H| 18 o maximum percent mismatchS Z3F51] k= reading®] U H
ot A& B ZUY I W T DNA sequence assemblyS X1335}H7] 8l sh 2=2] Rung 22/t Runs 251 ' & ATHo]
Textual Output= S2]5HH DNA sequence assembly”} 2 3 &9l =A]of] tfst E15 Q1gt 4= Qlt}. Sequence assembly”} 2 433
=) AcHH, input T o] AT = E]2]of] output B 0] /g =] o] Ql& Zlo|tt.

Gap4 Z2 1S 0|23t assembly Zz} 20l

Gap4 Z=2 1388 231510 File §10l1 4 Opens =2] Pregaps T2 1340)| A AJAJH otd-& Hojsth 12 database] A E 2} St
7H| Contig Selector§ 0] & 2| A| =] +=t|, Figure 52} 70| Contig Selector §12] #< HtiE 2215} Edit contigE: F+27] &, Contig
Editor§ o] &2]A] Ht}. Contig Editor §12] Next SearchS 22 5HH Search §§0] U-2+=6, o] §iol| A discrepanciesE 223t & Search
£ =25, Figure 59| WHHA 32} Qbx}k Zho] ZHA]| ol 4 9] Bea= 7HA]| Ako]of| A1 9] allele©] X}o]E o= SNP2] 9| %] = o] 5T}
Figure 5% 9 strandS 27| £7] 2 5}2{H, Contig Editor §12] SettingsE +21! Group ReadingsS 52| AHrlo] Ysh= A E 7|&&
/g3t Hok
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Figure 4. Configuration panel of Gap4 shotgun assembly. The figure above is the configuration panel of
pregap4's gap4 shotgun assembly module. Enter the name of the output file in gap4 database name. For the
maximum percentage mismatch, readings that do not exceed the maximum percentage mismatch are entered
when comparing each reading in gap4. If you click “Run” at the bottom left, the assembly is executed.

¢ Pregap4 version 1.6-r - m} X
File Modules Information source Options Help
Files to Process Configure Modules Textual Output
General Configuration ok Save these parameters I
[ ] Phred
[ ] ATQA E‘p‘—“;;—————————————,:m:—‘
[x] Estimate Base Accuracies ok ‘Ea@,ﬁ L A = wull
3 —— - —
[x] Trace FormatConversion ok = Create new database 1 " Append to existing database
[x] Initialise Experiment Files - b o
[x] Augment Experiment Files ok Minimum exact match 15
[x] Quality Clip ok Mavisum number of pad [zs
Sequencing Vector Cli el e — — L -1
[1] a g P Maximum percentage mismatch |
[ ] Cross_match e T e e e
[ 1 Screen For Unclipped Vector M et [8000
[ 1 Poly-AClip
[ 1 Cloning Vector Clip
[ 1 Screen Sequences
[ ] Interactive clipping
[ 1 Heterozygous Indels
[ 1 Reference Traces & Sequences
[ 1 Mutation Scanner
[x] Gap4 shotgun assembly edit |
[ 1 Phrap assembly
[ 1 Enter assembly (into Gap4)
L e
Run l Module gapd_assemble needs configuring Help on module:

# Contig Selector = O X
File View Results Help

Neutl +10°/9| 450"4] zoomoutl I™ crosshairs |

Contig Commands (26-16ncANAZ_R)
Edit contig

Template display

Complement contig

List notes

Contig: 26-16-IncRN.

Figure 5. Displays of Contig Selector and Contig Editor. The figure above is the displays of gap4's contig
selector and contig editor. If you right-click the thick bar in the contig selector and click edit contig, you can open
the contig editor tab. If you click next search at the top of the contig editor tab, the search tab appears, and you
can click discrepancies on the search tab. Press search to move to the SNP position that shows allele differences
within or between individuals. You can change the sorting criteria by clicking group readings in settings at the top.

# Contig €ditor -2 CO-DD_CYTBIR - o b 4
Cors2 2| Qualld 3| | I insort | EctModes 5| I Cutofs | Undo| Newt Soach | Commands>» | Setings » | Qut| Heb>>
<« < > » |« [ ] >

< > 50 €0 70 80 — Status Line % 120
+1 CO-DD_CYTB1F GATTATGCTTAATTACT ﬂncrxco Trace Display ¥ FACACCTCAGA
-2 C0-DD_CYTBIR |ACTTTGGCTCTCTACTAGGATTATGCTTAATTACT TTCTHRCC  Consensus algorthm
+3 C1-DD_CYTB1F GGCTCTCTACTAGGATTATGCTTARTTACTCIRATTCTAACC|
-4 C1-DD_CYTBIR |ACTTTGGCTCTCTACTAGGATTATGCTTAATTACTCARATTCTARCC
+5 C2=-DD_CYTB1F GGCTCTCTACTAGGATTATGCTTARTTACT TTcTAhce  Highlight Disagreements
-6 C2-DD_CYTBIR |ACTTTGGCTCTCTACTAGGATTATGCTTAATTACTCARATICTARACC| v Bydots
+7 DDO-DD_CYTBLF GATTATGCTTAATTACT TCCTARCC By foreground colour
-8 DDO-DD_CYTBIR |ACTTTGGCTCICTACTAGGATTATGCTTAATTACTCRAATCCTARCC Bybackground colour
+9 DD1-DD_CYTBLF CTCTACTAGGATTATGCTTAATTACTCARATCCTAACE, |, Case sansiive

-10 DD1-DD_CYTBIR [ACTTTGGCTCICTACTAGGATIATGCTTAATTACTCApATRCTARCC o qualty
+11 DD2-DD_CYTBLIF GATTATGCTTAATTACTCAAATCCTARCC
-12 DD2-DD_CYTBIR [ACTTTGGCTCTCTACTAGGATTATGCTTAATTACTCARATCCTHRACC,  Toggle autosave
CONSENSUS ----|ACTTTGGCTCTCTACTAGGATTATGCTTAATIACTCARAICCTARCE  Show reading qualty
C2DD_CYTB1R(#8] Clone:unknown Vector:unknown Typecurknownunknown primer TmptE Show consensus quallty
Show edis
Show Unpadded Positions
Show Template Names
Set Active Tags
Set Default Confidences
v Store undo
Save Seltings
Save Macros

Journal of Animal Breeding and Genomics



Practice of STADEN package to detect SNPs

SNP2] alleles ElAE 7} obd chromatogram @2 112} & ufjoll= Gap42] Contig Editor 0]l 9l E1LA} k= 7HA| 2] SNP= T
% 25 H ot Figure 62+ 20| Contig Editoroll 4] of2] 7]9] strandE -5 23 5} Trace displayoll 4] 3t ¥ol| of2] 7H9] strand S
Hol| & 4= 1.9, Contig Editorol| 4] THE 91%]2] SNP= 22 6FH Trace display2] chromatogram= 3 9| & o] &-gtct. gt
Trace display2] /&l 2] xSt Show confidence S 2/d3t5}0d allele™ confidence®] F =5 215 4= Qi

r°1'

§ Trace display - X
——

P Look cokrms [7 21314 Rows: 11203/ J5 6lFT Showcorience | Savesetngs| ¥ Compoct Close Help»>

#4177/ CODD_CYTBIF,

jj/\/\‘/\ N\u H/\/\w‘“ ‘H“/\/\m “wc“"‘g‘.‘_i‘

#377p/DD1-0D_CYTBIF

#1072p/0D1-00_CYTE1R

i MA_/V\_{{ c

Figure 6. Trace display. The figure above is a trace display. Double-click the SNP of the object individual in the
gap4 contig editor to check the sequence chromatogram of the corresponding strand of the object in the trace
display tab.

Gap4E 0|23t assembled sequence2| FASTA file22] X%

WA assembled sequenceS FASTA T 2 A A5t 2} SHFA, 24 Pregapd S ©]-8-8l St 7HA|12] WE assemblyS 43 3fjoF SF
th. 7§41 sequence assembly”} 25 SR E ATHH, Gapd T2 1S &
(Y

a1 ] FileS +2 & Opens =21 assembled sequenceS
HojEtt. slid 7§ 2] assembled sequenceS FASTA THA &2 2|4 5}= B

ol sl AgsHATt Figure 72t 2] Files +2 & Save

consensus®] normalS- += W, Save consensus: normal §10] G2|A| Ft}. o] & 31H2] Output file 7Hol] oF23E oS UHl= =
OKE 2, assembled sequence TH 0| A ZT{ 0| FASTA 1t o] A Hct o] & thE 7HA)| 5ol thafiA = 22 2 & HHEal=

Sof Y AJE FASTA THl & sht2 | ghafj %t
Gap42] Contig Editor°l|A] sequence® =21 ¥ote YutlS U sHH Figure 83 2H0] s sequence?] allele 47 ©| 75ttt 4=
75+ = Contig Editor?] QuitE 2™ 474 ¥ U-80] 4=, 0] Save consensus: normal2 ©]-&3 assembly 2! 4 H sequenceS

FASTA T+ 2 A7at 4= it}

act

1. STADEN 7] ] = 2fo] A H]-8&-& 50] %] 9L Sanger sequencing A7k] £4] 9 o] 7h5dh o9 §-85t 2 Isios
https://staden.sourceforge.net/0l| A] E}—v—i o4 Ak

2. STADEN 37| %] 9] Pregap4 2 1345 o]-&5}0] AREA}e] A% of UbA| DNA sequence assemblyS 438 4~ 1 O™ Gapd =2
71345 0]-8-5}0] DNA sequence assembl -J A= B4 HZ5ho] SNPE A& 4= Qo)

mlo

A4Q1: DNA & 7141, Sanger A1), STADEN package, Pregap4, Gap4, SNP
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§ GAPva.11.2-r. CO.0 = (m] X § Save consensus: normal - X
File Edit View Options Experiments Lists Assembly Help Input contigs from  single @ allcontigs  fle T st
G Search| W Scroll on output IClealFIeciect» List o¢ Fle name anw-.—l
A C0-DD CYIBLR
Open . R119 consiscane Conkig identiies (CO-DD_CYTBL
Check Start position 1 I
Copy database 7 2022: Database information I
C . End posttion 583 _I_l
opy readngs
8000 Max reading length 30000
No. Contigs 1 Select mode
No. Templates 2 " mask active tags
Ho. Vectors 1 : Sr:cclla:\'.l
Average length 593.0 " mark active tags
Total characters in readings 1019 Io s
Average reading characters per consensus character 1.72
Average used length of reading 505.50 -
Current maximum consensus length is 100000 Strip pads 2es I No
= Name consensus by  leftmost template (% left-most reading
Select fomat © experment © fatg @ fasa C staden
Enor eadons Ssamh[ " Be'l ¥ Sciol on oulput ICI:alFI!ﬁr::t» Output reading annotations € none € noncutof @ al
Output reading notes  Yes & No
Output file co.£q IBiowse

Figure 7. Displays of save consensus: normal. The figure above is the display of gap4's save consensus: normal.
First find file banner located in the upper left of gap4, and click save consensus and normal. Then the save
consensus. normal tab appears as shown in the right figure. Write the name of the output file in the output file (red
box) of the tab and click OK at the bottom to save the data of gap4.

¢ Contig Editor. -2 CO-DD_CYTBIR - m] X
Cons |2 é]l Qualkﬂigl [7 Insert | Edit Modes >>| r Cutnﬂsl Undol Next Search I Commands >>| Seltings >>| !Euit Help >>
« | < | > | » |« >

< > 520 530 540 550 560 570 580 Sop=m
+1 CO-DD_CYTB1F |TTATCACCGCCGCTACIGICATTCACCTACTGTTICTCCACGAAACAGGATCAAATAACCCCATCGGACTGAACTC
CONSENSUS -**-|TTATCACCGCCGCTACTGTCATTCACCTACTGTTTICTCCACGAAACAGGATCAAATAACCCCATCGGACTGAACTC
Base confidence: 100 (Probability 1.000000) Position 591 LI
¢ Contig Editor. -2 CO-DD_CYTB1R - olk
) - |
Consl2 2| Quao | | I inser| EdtModes »»| I Cutolts | undo | Newt Search | Commands > | settings >» | Quit Heb >>

<<

2 [ |

<

+1 CO-DD_CYTBIF |TTATCACCGCCGCTACTGICATTCACCTACTGITTICTCCACGAAACAGGATCAAATAACCCCATCGGACTGARACT

CONSENSUS

» |« I|ji

> 520 530 540 550 560 570 580 53

-%%-|TTATCACCGCCGCTACTGTCATTCACCTACTGTTTCTCCACGARACAGGATCARATAACCCCATCGGACTGAACT

Base confidence:100 (Probability 1.000000) Position 591

Figure 8. Edit of allele with Gap4. Allele Editing using the Gap4 program is possible in the Contig Editor tab. After
clicking the allele you want to edit in Contig Editor, you can edit the allele by entering the desired alphabet. After
editing Allele, click Quit on the top right to save the modified content.
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