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Dataset BlOTOk:

« WGS Dataset from BioProject: PRUNA795286
« This dataset has Illlumina short reads (HiSeq X Ten) of Oryza sativa.

Total bases (bp) Read Length (bp) Avg. length (bp) Organism
P1 SRR17493738 7,661,857,420 25,398,995 150.83 Oryza sativa
P2 SRR17493737 6,136,486,300 20,336,095 150.88 Oryza sativa
Mix_S SRR17493735 16,993,464,319 56,323,130 150.86 Oryza sativa
Mix_R SRR17493736 19,584,672,393 64,908,654 150.86 Oryza sativa
A 4

Random selection 200,000 reads
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Reference Genome BloTOk:

« =X: Os-Nipponbare-Reference-IRGSP-1.0 (RAP-DB)

No. of chr Total length of chr (bp) GC (%) No. of coding genes
chrO1 43,270,923 43.77 5,981
chr02 35,937,250 43.33 4,801
chr03 36,413,819 43.69 5,244
chr04 35,502,694 4425 3,775
chr05 29,958,434 43.95 3,412
chr06 31,248,787 43.61 3,506
chrQ7 29,697,621 43.50 3,204
chr08 28,443,022 43.38 2,896
chr09 23,012,720 43.53 2,356
chr10 23,207,287 43.58 2,302
chr11 29,021,106 42.91 2,587
chr12 27,531,856 43.01 2,389

Total 373,245,519 522.49 42,453




GilAll CIOIE] OHA

Sequencing Data(FASTQ)

- HERTXA MZE (FASTA)

SRR17493738_ransel_1.fastq.gz
SRR17493738_ransel_2.fastq.gz

reference. fa

(F)Ho| 9.
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Softwares BIOTOk:

w

9.

O N O 0 &

PuUuTTy - afree SSH and telnet client for Windows
Trimmomatic (version 0.39) - A flexible read trimming tool for Illumina NGS data

BWA-0.7.17 (Burrows-Wheeler Aligner)

BWA is a software package for mapping low-divergent sequences against a large reference genome, such as the
human genome.

SAMtools-1.17 - Provides various utilities for manipulating alignments in the SAM/BAM format.

GATK version 4.4.0.0 - A genomic analysis toolkit focused on variant discovery.

SnpEff (version 5.1) - Genetic variant annotation and functional effect prediction toolbox.
BCFtools-1.17 - BCFtools is a set of utilities that manipulate variant calls in the Variant Call Format (VCF).
MEGA 11

Sophisticated and user-friendly software suite for analyzing DNA and protein sequence data from species and
populations.

7|E} Z=24: Python, Java 17

10. Perl/Python script
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T8 ALl - PUuTTY 3I0TO &

PuTTY: EHO|Y T2 73
« Download PuTTY

Download PuTTY: latest release (0.78)

Home | FAQ | Feedback | Licence | Updates | Mirrors | Keys | Links | Team

This page contains download links for the latest released version of PUTTY. Currently this is 0.78, released on 2022-10-29,

When new releases come out, this page will update to contain the latest, so this is a good page to bookmark or link to. Alternatively, here is a permanent link to the 0.78 release.

Release versions of PUTTY are versions we think are reasonably likely to work well. However, they are often not the most up-to-date version of the code available. If you have a problem
with this release, then it might be worth trying out the pre-release builds of 0.79, or the development snapshots, to see if the problem has already been fixed in those versions.

s N
Package files H t N . I1| | El x I P
OSt Name: A& & =4
You probably want one of these. They include versions of all the PuTTY utilities (except the new uTTY Configuration
—
—

Bug: this installer was built differently to other versions, in a way that causes trouble for upgrades (amd| | Category: PO rt. n E m ¢
trouble, when moving between 0.78 and other versions, we recommend completely uninstalling the exid |- Session L4 [ -~
with this installer) by installing 0.78 with a special command-line invocation like: Logging
msiexec.exe /1 pathtolputty-64bit-0.78-instal ler.msi ALLUSERS=1 =J- Terminal

- Keyboard
(Not sure whether you want the 32-bit or the 64-bit version? Read the FAQ entry.) Bell

.- Be
We also publish the latest PuTTY installers for all Windows architectures as a free-of-charge download 2| - Features e
after we release them. =1 Window Raw Telnet Rlogin @) 55H Serial [ 192168029 - PuTTY )

LT 6 - Appearance
MSI (‘Windows Installer’) pE ) Load, save or delete a stored session
64-bit x86: Rut { 20 M3 (signature) -~ Behaviour :
O : putt s sig ) ) - Translation Saved Sessions
-bit Arm: (signature) - Selection
32-bit x86: (signature)
Colours Default Settings boad

Unix source archive - Hyperlinks =
tar.gz putty-0.78. tar .oz (signature) =I- Connection Saye

- Proxy Delete

4 - Telnet

Alternative binary files :Isc;—?ln Sessions from registry @

5

i Serial

Close window on exit:
The installer packages above will provide versions of all of these (except PuTTYtel and pterm), but you d Always Mewver @ Only on dean exit
ot sure whether you want the 32-bit or the 64-bit version? Read the FAQ entry.)
lient itself) . I D O I.I o." E
64-bit x86: (signature) ° o I
5 (signature)
32-bit x86: (signature) I —
[
» PW:H|YHHS(YE
About O E
N 7



https://www.chiark.greenend.org.uk/~sgtatham/putty/latest.html

=8 [EEL (B CIEELZ OIS BI0TOR

22 edu@BS01: ~ — O X

NEDERSENEmL)
e User :AHA
« Passwd:H|ZHS

2 BN CUER|Z 0|5

## S CIHEC|2 0| F
cd /home/AH

cd ~

## Sx| 2| X| =el

pwd
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cI=sA 1= B30 2 BIOTOK

Is- S} X[Qf T S5 X2

«d-ClHEZ 0|5

pwd - SiXl X2 HHE = EF

mkdir- CJ2l E2] MM

cp- e =A)

mv-I}Y/CIHER| 0|5 L 0|5 HY

rm - IS A%

rmdir - C|2| E2| ALK

less, more - I} L2 H|O|X| S 2 S1HO| &3
10 head, tail - I} 0| Ot FE= 5| 10842 51HO| &=
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cI=sA 12 B30 &M 43 BIOTOK.

1. s (List segments) : SXY & X|Q I} S 2 X3
o ls-l: MU HAHH
o [s-a:=Z O} HA|

2.cd (Changedlrectory) ClAER 0|
od [CEES] 2] 0|Sold = HEER 2 0|F
o SX CjHES
e . AQCIAMERZ OIS
. d~:ECUEZR S
- od/: ZHHH LHEZE 0|F

3. pwd (Print Working Directory) : &l | X|2] HjHE=2 &

4. mkdir (Make directory) : C|2ll E2| A
. mkdir [C|21E2| O|] : [CIAE 2] 0| Z] 0|2H= ClHE 2] M4

10
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cI=sA 12 B30 &M 43 BlOTOk:

5.cp (Copy) : It FA}
o cp [OfU1] [OpU2] : [MA]S [MHQAU2] O 2 EA}
. cp-r[CIAE2] [CIAER]2] : CIAER| EA}L 20 ot DE 519 AR 9 I
Of 2tH = AHE.

i

6. mv (Move) : IU/C{HEC| 0|F 3 0|F HE
- mv [I}QI1] [Td2] : [IFRN]S [MH2] 2= 0| F HE
- mv [IA] [CEED] F=2]: [If1]S [CHEC] 2] ol A= /XI 0IF
- mv[CEES] [ ED2]: [OHMEL]S [HEED2] 2= 0|F HE

7.rm (Remove) : I} ALK
- rm [IHQ] : Ip AfF|
« rm-f[IFQI] : IFR ZHA]| A1
- rm-r [CRES]]: CRER AN (MR EL=-r&4 80| A =71)

11



cI=sA 12 B30 &M 43

8. rmdir (Remove Directory) : C|2l E 2] ALK
- rmdir [C|E|E2]] : CIS| E2] AL

9. less, more - It LY Z-S H|O|X| T2 o}HO| £
+ less [IHQJ] : I O| X YR E S}HO| &
» less+10 [I}Q] : MAC| 10YEE 3HH0| S
X space bar: C}2 H|0| X]|, b: 0| I|O|X|, q: 5=, enter: & HYZ 0|S
X less HE 0= F7I2 SHAIH 7], page up} page down 7| AF2 TS

10. head, tail - It 2| Ot = 5 1032 50| &2
+ head [IH] : MA2| A 10YELE SHHO| &
» head-50 [I}] : MU O 2+ 50 ELE] 50| &2

12
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A A @)H'O‘i%hk
g%[ﬂ E|=| BlOTO k.
- SHEELOIF -+ CYEZ 05
cd ~ cd 1.trimmed
cd /home/H|H cd /home/A|’d/1. trimmed

. BT Six|o| MY 2 X3

1ls -1 less reference.fa

BIAE I &3

- ol X9 HHE= =
pwd

. ClEER| 44

mkdir 1.trimmed
mkdir /home/A|’d/1.trimmed

13




ll. Variant discovery with GATK
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B0l A& - Workflow BIOTOK:
gatk

best practices™

vevee. | RaW SNPs + Indels [T
Raw Unmapped Reads vee ‘ Analysis-Ready Reads \ J

uBAM or FASTO I I

' ™

|

1
Call Variants Per-Sample

Filter Variants
|

[ Map to Reference ]

* HaplotypeCaller in GVCF mode Refine Genotypes
Raw Mapped Reads 1
BAM GVCF m m Annotate Variants

v

‘ Analysis-Ready N | \

|
Evaluate Callset

I

[ Troubleshoot ] [ Use in project ]

Mark Duplicates
|

Recalibrate Base
Quality Scores

L[ Consolidate GVCFs ]-J

|
Joint-Call Cohort

GenotypeGVCFs

Analysis-Ready Reads

‘ Raw SNPs + Indels [ \

{«

15




#1014 A& - VCF

VCF (Variant Call Format)

Example
¢ ##fileformat=VCFv4.0 = Mandatory header lines
##fileDate=20100707
##source=VCFtools
##reference=NCBI36 Optional header lines (meta-data
& | ##INFO=<ID=AA,Number=1,Type=String,Description="Ancestral Alle} about the annotations in the VCF body)
g ##INFO=<ID=H2,Number=0, Type=Flag,Description="HapMap2 member
o { ##FORMAT=<ID= GT Number=1, Type=String,Description="Genotype!
= ##FORMAT=<ID=GQ,Number=1, Type=Integer,Description="Genotyde Quality (phred score)">
b ##FORMAT=¢:ID=GL,Number=3,Type=Float,Description="Likel' oods for RR,RA,AA genotypes (R=ref,A=alt)">
> ##FORMAT=<ID=DP, Number=1, Type=Integer,Description="Re#Ad Depth">
##ALT=<ID=DEL ,Description="Deletion">
##INFO=<ID=SVTYPE,Number=1, Type=String,Descriptiga="Type of structural variant">
##INFO=<ID=END,Number=1, Type=Integer,Description="End position of the variant"> -
“ #CHROM POS ID REF ALT QUAL FILTER INFO FORMAT SAMPLE1 SAMEZU:R/ Reference allelas (GT=0)
- (1 1 ACG_ A,AT c PASS c GT:DP 1/2:13 0/0:29
g 1 2 rsl T,CT PASS H2; AA=T GT:GQ 0]1:100 2/2:J0
m 1 5 4 A G c ASS c GT:GQ |@:77 1/1:9
1 100 <DEL> [ SVTYPE=DEL ; END=300 GT:GQ:DF//I: 12:3 0/0:20 Alternate alleles (GT>0 is
an index to the ALT column)
Deletion SNP 1 Insertion Other event Phased data (G and C above
Large SV are on the same chromosome)

« VCF is a text file format (tab—delimited)

* It contains a header line, and then data lines each containing information about a position
In the genome.

 The format also has the ability to contain genotype information on samples for each
position.

https://davetang.github.io/learning_vcf _file/

(F | E )

SloTOk:
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H0I22 A& - VCF and gVCF BIOTOK!

-ERC GVCF -ERC BP_RESOLUTION
##fileformat {| #i#fileformat ##fileformat
##ALT \ {| ##ALT #HALT
##FILTER : {| ##FILTER ##FILTER
##FORMAT i i | ##FORMAT ##FORMAT
##INFO ! | ##GVCFBlock ##INFO
#icontig i | ##INFO ##contig
##reference ##contig ##reference

HEADER ##reference

#record headers #record headers #record headers
RECORDS
[] variant site record B non-var block record B non-variant site record

[ variant site record ¥ - | O variant site record [ variant site record
[J variant site record : ' B non-variant site record
non-var block record || B non-variant site record
* Some tools may output an | . - = nor?-van-ant site record

all-sites VCE that looks like . | O variant site record [ variant site record
what you can get using HC : B non-variant site record
with -ERC BP_RESOLUTION [ non-variant site record

but they do not provide an (] variant site record [] variant site record

accurate estimate of . .

reference confidence. .: B non-variant site record
i| |§| non-var block record || M non-variant site record

B non-variant site record

I non-var block record

https://github.com/broadinstitute/gatk-docs/blob/master/gatk3-faqs/What_is_a_GVCF_and_how_is_it_different_from_a_%27regular%27_VCF%3F.md 17
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H10I22 &S - 1) Pre-processing BloTOk:

Trimmomatic I2 73 SM

Phred33

«  Remove adapters (ILLUMINACLIP:TruSeqg3-PE.fa:2:30:10)

«  Remove leading low quality or N bases (LEADING:3)

«  Remove trailing low quality or N bases (TRAILING:3)

« Scan the read with a 4-base wide sliding window, cutting when the average quality per base drops below 15
(SLIDINGWINDOW:4:15)
Drop reads below the 36 bases long (MINLEN:36)

## Trimmomatic 34

trimmomatic PE -threads 1 —-phred33 SRR17493738_ransel_1.fastq.gz
SRR17493738_ransel_2.fastq.gz Pl_pairedl.fq P1l_pairedl_un.fq P1l_paired2.fq
P1l_paired2_un.fqg ILLUMINACLIP:TruSeq3-PE.fa:2:30:10 LEADING:3 TRAILING:3
SLIDINGWINDOW:4:15 MINLEN:36

18
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Y0122 AlS - 1) Pre-processing BloTOk:

e Trimmomatic =2 Z1}

root@d57c9h675d47: /home/1l.works/1l.trimmed# java —jar /home/@.tools/Trimmomatic-0.39/trimmomatic-0.39.jar PE —threads 10 -phred33 SRR17493738_ransel_1.
fastg.gz SRR17493738_ransel_2.fastq.gz Pl_pairedl.fq P1l_pairedl_un.fq Pl_paired2.fq Pl_paired2_un.fgq ILLUMINACLIP:/home/@.tools/Trimmomatic—0.39/adapt
ers/TruSeq3—-PE.fa:2:30:10 LEADING:3 TRAILING:3 SLIDINGWINDOW:4:15 MINLEN: 36

TrimmomaticPE: Started with arguments:

—-threads 10 -phred33 SRR17493738_ransel_1.fastq.gz SRR17493738_ransel_2.fastq.gz P1l_pairedl.fq P1l_pairedl_un.fq Pl_paired2.fq P1l_paired2_un.fq ILLUMI
NACLIP: /home/@.tools/Trimmomatic-0.39/adapters/TruSeq3-PE.fa:2:30:10 LEADING:3 TRAILING:3 SLIDINGWINDOW:4:15 MINLEN:36

Using PrefixPair: 'TACACTCTTTCCCTACACGACGCTCTTCCGATCT' and 'GTGACTGGAGTTCAGACGTGTGCTCTTCCGATCT'

ILLUMINACLIP: Using 1 prefix pairs, @ forward/reverse sequences, @ forward only sequences, @ reverse only sequences

Input Read Pairs: 200000 Both Surviving: 197635 (98.82%) Forward Only Surviving: 1723 (0.86%) Reverse Only Surviving: 517 (0.26%) Dropped: 125 (0.06%)
TrimmomaticPE: Completed successfully

—rw—r——r—— 1 root root 75682990 Jul 4 15:38] P1_pairedl.fq
—rw—r—r—— 1 root root 571082 Jul 4 15:38|P1_pairedl_un.fq
—rw—r——r—— 1 root root 75474326 Jul 4 15:38]| P1_paired2.fq
—rw—r—r—— 1 root root 172898 Jul 4 15:38|P1_paired2_un.fq

19



40124 A& - 1) Pre-processing BlOTOK:

e Trimmomatic =2 Z1}

ClOE] HA{=| +& ™ FASTQ

@SRR17493738.913322 913322 length=151

CCGTGCACCTGGAGTTGGCTGCAGCTCCTCAGCTTAAGCTCTCAAGGTTTCCGTTTCCTCTTCTCTTCTCTTCTCTCCTCTTCTATATGCGCC
TGCCTCACCCTACCTACTATTGATTGTTTGTCTCGTGCAGGTCTGGCTTCTTGGAGTC
+SRR17493738.913322 913322 length=151

FFF: FFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFF, F, 11, ,FF,:, F:FFFFFFFFFFFFFFFFFFFFF
FFFFFFFFFFFF: FFFFFFFFFFF: FFFFFFFFFFFFFFFFFFFFFFFFFFF: FFFFF

ClOlE] HX{=| £ £ FASTQ

@SRR17493738.913322 913322 length=151

CCGTGCACCTGGAGTTGGCTGCAGCTCCTCAGCTTAAGCTCTCAAGGTTTCCGTTTCCTCTT
+SRR17493738.913322 913322 length=151

FFF: FFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFF, ,F, & :

20
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H10I22 AlS - 2) Reference Indexing BloTOk:

root@d57c9b675d47: /home/1l.works# bwa index reference.fa
bwa_index] Pack FASTA...
bwa_index] Construct BWT for the packed sequence...

BWTIncCreate] textlLength=231243984, availableWord=28271124

## Reference index 2’4 1 — BWA index

0.92 sec

bwa index reference.fa

[
[
[
[BWTIncConstructFromPacked] 10 iterations done. 46634416 characters processed.
[BWTIncConstructFromPacked] 20 iterations done. 86153072 characters processed.
[BWTIncConstructFromPacked] 30 iterations done. 121273312 characters processed.
[BWTIncConstructFromPacked] 40 iterations done. 152484240 characters processed.
[BWTIncConstructFromPacked] 50 iterations done. 180220560 characters processed.
[BWTIncConstructFromPacked] 60 iterations done. 204868656 characters processed.
[BWTIncConstructFromPacked] 70 iterations done. 226771904 characters processed.
[bwt_gen] Finished constructing BWT in 73 iterations.
[bwa_index] 46.73 seconds elapse.
[bwa_index] Update BWT... 1.09 sec
[bwa_index] Pack forward-only FASTA... 0.58 sec
- [bwa_index] Construct SA from BWT and Occ... 25.94 sec

H#i# 7:IJ_I_I' EI-OEI %!' |_| [main] Version: 0.7.17-r1188
[main] CMD: bwa index reference.fa
[main] Real time: 75.588 sec; CPU: 75.Z

s -1

—rw—r——r—— 1 root root 9076 Jul 4 16:17|reference.fa.amb

—-rw—r—-—r—— 1 root root 226 Jul 4 16:17|reference.fa.ann

—rw—r——r—— 1 root root 212332012 Jul 4 16:17|reference.fa.bwt

—rw—r——r—— 1 root root 53082978 Jul 4 16:17|reference.fa.pac

—rw—r—r—— 1 root root 106166008 Jul 4 16:18|reference.fa.sa

21




50124 A& - 2) Reference Indexing BlOTOK:

## Reference index 2f/d 2 — SAMtools index

samtools faidx reference.fa

## 21} oj A =0l

s -1

—-rw—r——r— 1 root root 176 Jul 4 16:15)reference.fa.fail

22
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H10I22 AlS - 2) Reference Indexing BloTOk:

## Reference index 2t/ 3 — GATK index

gatk CreateSequenceDictionary —-R reference.fa

Using GATK jar /home/@.tools/gatk-4.4.0.0/gatk-package-4.4.0.0-1local.jar
Running:

java -Dsamjdk.use_async_io_read_samtools=false -Dsamjdk.use_async_io_write_samtools=true -Dsamjdk.use_async_io_write_tribble=false -Dsamjdk.compre
ssion_level=2 -jar /home/@.tools/gatk-4.4.0.0/gatk-package-4.4.0.0-1local.jar CreateSequenceDictionary -R reference.fa
INFO 2023-07-04 13:07:54 CreateSequenceDictionary Output dictionary will be written in reference.dict
13:07:54.641 INFO NativelLibraryLoader - Loading libgkl_compression.so from jar:file:/home/@.tools/gatk-4.4.0.0/gatk-package-4.4.0.0-1local.jar!/com/in
tel/gkl/native/libgkl_compression.so

[Tue Jul @4 13:07:54 KST 2023] CreateSequenceDictionary —-REFERENCE reference.fa ——TRUNCATE_NAMES_AT WHITESPACE true —-NUM_SEQUENCES 2147483647 —-VERB

OSITY INFO —-QUIET false —-VALIDATION_STRINGENCY STRICT —-COMPRESSION_LEVEL 2 —-MAX_RECORDS_IN_RAM 500000 —-CREATE_INDEX false ——CREATE_MD5_FILE false
——help false —version false ——showHidden false ——-USE_JDK_DEFLATER false —-USE_JDK_INFLATER false

[Tue Jul @4 13:07:54 KST 2023] Executing as root@d57c9b675d47 on Linux 5.15.0-69-generic amd64; OpenJDK 64-Bit Server VM 17.0.7+7-Ubuntu-@ubuntul20.e4
; Deflater: Intel; Inflater: Intel; Provider GCS is available; Picard version: Version:4.4.9.0

[Tue Jul @4 13:07:55 KST 2023] picard.sam.CreateSequenceDictionary done. Elapsed time: ©.01 minutes.

Runtime.totalMemory()=285212672

—rw—r——r— 1 root root 587 Jul 4 16:16])reference.dict

23




H10I22 AlS - 3) Read Mapping

[ Raw Unmapped Reads ]

## BWA =& (FASTQ to SAM) -

[ Map to Reference ]

bwa mem -t 1 -k 19 -R “@RG\tID:P1.1\tLB:P1.fq\tSM:P1\tPL:ILLUMINA" A
reference.fa P1l_pairedl.fq Pl_paired2.fq —o P1l_paired.sam ['“W"hmmdmﬁ“ ]

|
Mark Duplicates

## SAM to BAM [ Recalibrate Base ]

Quality Scores

samtools view -b -t reference.fa.fai —o P1l_paired.bam P1l_paired.sam ¥
[ Analysis-Ready Reads ]

## FIXMATE

gatk FixMateInformation -I P1l_paired.bam -0 P1l_fixmate.bam -SO coordinate
——CREATE_INDEX true —-VALIDATION_STRINGENCY SILENT

## REMOVE DUPLICATES

gatk MarkDuplicates -I P1_fixmate.bam -0 P1_rmdup.bam -M P1_metrics.txt
——REMOVE_DUPLICATES true ——CREATE_INDEX true ——VALIDATION_STRINGENCY SILENT

24
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H10I22 AlS - 3) Read Mapping BIOTOK-

## BAM stats
samtools flagstats P1_rmdup.bam

396505 + 0 in total (QC-passed reads + QC-failed reads)
394230 + 0 primary

0 + 0 secondary

2275 + 0 supplementary

0 + O duplicates

0 + 0 primary duplicates

392658 + 0 mapped (99.03% : N/A)

390383 + 0 primary mapped (99.02% : N/A)

394230 + 0 paired in sequencing

197115 + O readl

197115 + O read2

379678 + 0 properly paired (96.31% : N/A)

389314 + 0 with itself and mate mapped

1069 + 0 singletons (0.27% : N/A)

7752 + 0 with mate mapped to a different chr

4653 + 0 with mate mapped to a different chr (mapQ>=5)

25
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HOIEY AlS - BAQSR Workflow Bl0TO &

Raw Unmapped Reads .
-iﬂl 2Ol tieateyy

: 0. GATK HaplotypeCaller

Map to Reference C . . .
g ' initial round of variant calling on unrecalibrated data

‘ Raw Mapped Reads \
1. GATK BaseRecalibrator

|
Mark Duplicates

~

generation of recalibration table for BOSR

Recalibrate Base
Quality Scores

-
N

-
J

2. GATK ApplyBQSR
actual base quality score recalibration of reads

Analysis-Ready Reads

26




H0IE4] AlS - 4) BQSR (Base Quality Score Recalibration) o™k

## GATK HaplotypeCaller - initial round of variant calling on unrecalibrated data

gatk ——java-options '-DGATK_STACKTRACE_ON_USER_EXCEPTION=true' HaplotypeCaller
—-R reference.fa -I P1l_rmdup.bam -0 P1l_raw_variants.vcf

## Extract SNPs

gatk SelectVariants -V P1_raw_variants.vcf —-select-type SNP -0 P1l_raw_snps.vcf

## Filter VCF to obtain high confidence variants using Hard Filtering recommendations
## Filter SNPs

gatk VariantFiltration -V P1l_raw_snps.vcf —-filter "QD < 2.0" ——filter—-name "QD2" -filter
"QUAL < 30.0" ——filter—-name "QUAL30" -filter "SOR > 3.0" ——filter—-name "SOR3" -filter
"FS > 60.0" ——-filter—-name "FS60" -filter "MQ < 40.0" —-filter—-name "MQ40" -filter
"MQRankSum < -12.5" ——filter—-name "MQRankSum-12.5" -filter "ReadPosRankSum < -8.0" —
filter—-name "ReadPosRankSum-8" -0 P1_flt_snps.vcf

27




H0IE4] AlS - 4) BQSR (Base Quality Score Recalibration) o™k

## Filter VCF to obtain high confidence variants using Hard Filtering recommendations
## Extract Indels
gatk SelectVariants -V P1_raw_variants.vcf —-select-type INDEL -0 P1l_raw_indels.vcf

## Filter Indels

gatk VariantFiltration -V P1l_raw_indels.vcf —-filter "QD < 2.0" —-filter—-name "QD2" -filter
"QUAL < 30.0" —-filter—-name "QUAL30" -filter "FS > 200.0" —-filter-name "FS200" —-filter
"ReadPosRankSum < -20.0" —--filter—-name "ReadPosRankSum-20"'" -0 P1_flt_indels.vcf

## Base (Quality Score) Recalibration

gatk BaseRecalibrator -R reference.fa -I P1_rmdup.bam —-known-sites P1_f1lt_snps.vcf —
known-sites P1_f1t_indels.vcf -0 P1_recal.table

## ApplyBQSR
gatk ApplyBQSR -R reference.fa -I P1_rmdup.bam -bgsr P1l_recal.table -0 P1_recal.bam

28




20128 AlS - Workflow BIOTOK.

gatk

best practices™

Raw Unmapped Reads
uBAM or FASTQ 1

,_._._‘ Raw SNPs + Indels [ 1 \

' ™

Filter Variants
|

‘ Analysis-Ready Reads \ .J

|

[ Map to Reference ]

Call Variants Per-Sample

* HaplotypeCaller in GVCF mode Refine Genotypes
Raw Mapped Reads 1
BAM GVCF m m Annotate Variants

v

‘ Analysis-Ready N | \

|
Evaluate Callset

I

[ Troubleshoot ] [ Use in project ]

Mark Duplicates
|

Recalibrate Base
Quality Scores

L[ Consolidate GVCFs ]-J

1
Joint-Call Cohort
GenotypeGVCFs

‘ Raw SNPs + Indels [ \

Analysis-Ready Reads

{«
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B10I22 AlS - 5) Variant Discovery

## GATK HaplotypeCaller - GVCF

gatk ——java-options '-DGATK_STACKTRACE_ON_USER_EXCEPTION=true' HaplotypeCaller -R
reference.fa -I P1_recal.bam -0 P1_variants.g.vcf —ERC GVCF

## CombineGVCFs

gatk CombineGVCFs -R reference.fa -V P1l_variants.g.vcf -V P2_variants.g.vcf -V
MixS_variants.g.vcf -V MixR_variants.g.vcf -0 combined_raw.g.vcf

## Perform joint genotyping on one or more samples pre-called with HaplotypeCaller
## GenotypeGVCFs

gatk GenotypeGVCFs -R reference.fa -V combined_raw.g.vcf -0 combined_raw.vcft

U2 |

sloTOk:
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H10I22 AlES - 5) Variant Discovery BloTOk:

## VCF Z1} =9l

less combined_raw.vcf

#CHROM POS ID REF ALT QUAL FILTER INFO FORMAT MixR MixS P1 P2

chrol 80388 . C T 40.18 .

AC=2;AF=1.00; AN=2;DP=2;ExcessHet=0.0000; FS=0.000;MLEAC=2;MLEAF=1.00;MQ=60.00;QD=20.09;SO0R=0.693
GT:AD:DP:GQ:PL ./.:0,0:0:0:0,0,0

1/1:0,2:2:6:49,6,0 ./.:0,0:0:0:0,0,0 ./.:0,0:0:0:0,0,0

+ https://davetang.github.io/learning_vcf_file/ 31
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H0I24 AlE - 6) Variant Annotation BIOTOk:

SnpEff =2 724

Usage: snpeff [command] [options] [files]

* Available commands: ann . Annotate variants
build  : Build a SnpEff database
databases : Show currently available databases (from local config file)
download : Download a SnpEff database

## Finding a database
java —jar /agribio/soft/snpEff/snpEff-5.1/snpEff.jar databases | grep Oryza_sativa

## Database download
## CF2 2 E 2| X]: /agribio/HOME/edu_02/prepare/dataset/Oryza_sativa/

java —jar /agribio/soft/snpEff/snpEff-5.1/snpEff.jar download -v Oryza_sativa

-rw-r—-r—- 1 root root 4173997 Jul 5 11:14 sequence.l.bin
-rw-r—-r—- 1 root root 3434377 Jul 5 11:14 sequence.2.bin
-rw-r—-r—- 1 root root 3698390 Jul 5 11:14 sequence.3.bin
-rw-r—-r—- 1 root root 2684939 Jul 5 11:14 sequence.4.bin

-rw-r—-r—-— 1 root root 2041957 Jul 5 11:14 sequence.ll.bin
-rw-r—-r—-— 1 root root 1776653 Jul 5 11:14 sequence.l2.bin
-rw-r—--r—— 1 root root 37261 Jul 5 11:14 sequence.bin

-rw-r—-r—— 1 root root 32210111 Jul 5 11:14 snpEffectPredictor.bin 33
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H0I24 AlE& - 6) Variant Annotation BlIOTOA:

« Building a database

1. Step 1: Configure a new genome in SnpEff's config file snpEff.config.
a. Add genome entry to snpEff's configuration
b. If the genome uses a non-standard codon table: Add codon table parameter
2. Step 2: Build using gene annotations and reference sequences
a. Option 1: Building a database from GTF files (recommended for large genomes)
b. Option 2: Building a database from GenBank files (recommended for small genomes)
c. Option 3: Building a database from GFF files
d. Option 4: Building a database from RefSeq table from UCSC

3. Step 3: Checking the database: SnpEff will check the database by comparing predicted protein sequences
and CDS sequences with ones provided by the user.

a. Checking CDS sequences

b. Checking Protein sequences

+ https://pcingola.github.io/SnpEff/se_build_db/#step-2-build-using-gene-annotations-and-reference-sequences 34
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H0I24 AlE - 6) Variant Annotation BIOTOk:

## VCF annotation

java —-jar /agribio/soft/snpEff/snpEff-5.1/snpEff.jar ann —-dataDir
/agribio/HOME/edu_02/prepare/dataset Oryza_sativa combined_raw.vcf > combined_raw.ann.vcf

## VCF format

##INFO=<ID=ANN,Number=.,Type=String,Description="Functional annotations: 'Allele |
Annotation | Annotation_Impact | Gene_Name | Gene_ID | Feature_Type | Feature_ID |
Transcript_BioType | Rank | HGVS.c | HGVS.p | cDNA.pos / cDNA.length | CDS.pos /
CDS.length | AA.pos / AA.length | Distance | ERRORS / WARNINGS / INFO' ">

Impact Meaning Example

HIGH The variant is assumed to have high (disruptive) impact in the stop_gained, frameshift_variant
protein, probably causing protein truncation, loss of function or
triggering nonsense mediated decay.

MODERATE A non—disruptive variant that might change protein effectiveness. missense_variant (hon-syn),
inframe_deletion
LOW Assumed to be mostly harmless or unlikely to change protein synonymous_variant
behavior.
MODIFIER Usually non—coding variants or variants affecting non—coding genes, exon_variant,

where predictions are difficult or there is no evidence of impact. downstream_gene_variant 35
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H0I24 AlE - 6) Variant Annotation BIOTOk:

« Annotation =3 A1}

Annotation 57| X VCF

#CHROM POS ID REF ALT QUAL FILTER INFO FORMAT

chr01 1328686 . T C 38.10 .
AC=2;AF=1.00;AN=2;DP=1;ExcessHet=0.0000;FS=0.000;MLEAC=2;MLEAF=1.00;MQ=60.00;0D=29.04;SOR=1.609
GT:AD:DP:GQ:PGT:PID:PL:PS ./.:0,0:0:0:.:.:0,0,0 ./.:0,0:0:0:.:.:0,0,0
111:0,1:1:3:1|1:1328662_T_C:45,3,0:1328662  ./.:0,0:0:0:.:.:0,0,0

Annotation Z1} VCF

#CHROM POS ID REF ALT QUAL FILTER INFO FORMAT

chrO1 1328686 . T C 38.1 .
AC=2;AF=1.00;AN=2;DP=1;ExcessHet=0.0000;FS=0.000;MLEAC=2;MLEAF=1.00;MQ=60.00;0D=29.04;SOR=1.609;ANN=C|
stop_lost|HIGH|0s01g0123500|0s01g0123500|transcript|0s01t0123500-
00|protein_coding|2/21c.430T)C|p.Ter144Argext*?|430/935|430/4321|144/143||

GT:AD:DP:GQ:PGT:PID:PL:PS ./.:0,0:0:0:.:.:0,0,0 ./.:0,0:0:0:.:.:0,0,0

111:0,1:1:3:1|1:1328662_T_C:45,3,0:1328662  ./.:0,0:0:0:.:.:0,0,0
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Y0I£2 &S - 1) Variant Filtration BIOTOK:

« Hard Filtering recommendations

QUAL ¢ 30.0 Quality * Base call quality

* Variant confidence normalized by unfiltered depth of variant
QOD(2.0 QualByDepth samples (QD)
* Avoid inflation caused when there is deep coverage

SOR ) 3.0 StrandOddsRatio « Strand bias estimated by the symmetric odds ratio test (SOR)
FS ) 60.0 FisherStrand « Strand bias estimated using Fisher's exact test (FS)
. : * Root mean square of the mapping quality of reads across all
MQ ¢ 40.0 RMSMappingQuality el (0]
_ . : * Rank sum test for mapping qualities of REF versus ALT reads
MQRankSum ¢ -12.5 MappingQualityRankSumTest (MORankSum)
ReadPosRankSum ¢ -8.0 ReadPosRankSumTest * Rank sum test for relative positioning of REF versus ALT alleles

within reads (ReadPosRankSum)

37
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H 012 AlE - 17) Variant Filtration BIOTOk:

## Extract SNPs
gatk SelectVariants -V combined_raw.ann.vcf —-select-type SNP -0 combined_raw.ann_snps.vct

## Filter SNPs - using Hard Filtering recommendations

gatk VariantFiltration -V combined_raw.ann_snps.vcf —-filter "QD < 2.0" ——filter—-name "(QD2"
—filter "QUAL < 30.0" —--filter—-name "QUAL30" -filter "SOR > 3.0" —-filter—-name "SOR3" -
filter "FS > 60.0" ——filter—-name "FS60" -filter "MQ < 40.0" ——filter—-name '"MQ40" -filter
"MQRankSum < -12.5" ——filter—-name "MQRankSum-12.5" —-filter "ReadPosRankSum < -8.0" —
filter—-name "ReadPosRankSum-8" -0 combined_flt_snps.vcf

## Extract Indels

gatk SelectVariants -V combined_raw.ann.vcf —-select-type INDEL -0
combined_raw.ann_indels.vcf

## Filter Indels - using Hard Filtering recommendations

gatk VariantFiltration -V combined_raw.ann_indels.vcf —-filter "QD < 2.0" —-filter—-name
"QD2" —-filter "QUAL < 30.0" ——filter—-name "QUAL30Q" -filter "FS > 200.0" ——filter—name
"FS200" -filter "ReadPosRankSum < -20.0" —-filter—-name "ReadPosRankSum-20" -0
combined_flt_indels.vcf
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H 012 AlE - 17) Variant Filtration BlIOTOk:

## GATK VariantFiltration Z 1} 0| A|

#CHROM POS 1D REF ALT QUAL FILTER INFO FORMAT MixR MixS P1 P2
chrol 80388 . C T 40.18  PASS

AC=2;AF=1.00;AN=2; ANN=T |upstream_gene_variant |[MODIFIER|0sDjC1|0s01g0101700|transcript|0s01t01017
00-

00 |protein_coding|;DP=2;ExcessHet=0.0000; F5=0.000;MLEAC=2;MLEAF=1.00;MQ=60.00;(Q0D=20.09; SOR=0.693
GT:AD:DP:GQ:PL ./.:0,0:0:0:0,0,0

1/1:0,2:2:6:49,6,0 ./.:0,0:0:0:0,0,0 ./.:0,0:0:0:0,0,0

chrol 133207 . A G 37.07 MQ40

AC=2;AF=0.500; AN=4; ANN=G |upstream_gene_variant [MODIFIER|0sTLP27|0s01g0102300|transcript|0s01t010
2300-

01 |protein_coding|;DP=2;ExcessHet=0.0000; F5S=0.000;MLEAC=2;MLEAF=0.500;MQ=29.00;QD=25.36;S0R=1.60
9 GT:AD:DP:GQ:PGT:PID:PL:PS ./.:0,0:0:0:.:.:0,0,0
1/1:0,1:1:3:1[1:133207_A_G:45,3,0:133207 9/0:1,0:1:3:.:.:0,3,23 ./.:0,0:0:0:.:.:0,0,0
chr@l 159218 . G A 60.04  PASS

AC=2;AF=0.500; AN=4; ANN=A |downstream_gene_variant |[MODIFIER|CSB|0s01g0102800|transcript|0s01t01028
00—

01 |protein_coding|DP=4;ExcessHet=0.0000; FS=0.000;MLEAC=2;MLEAF=0.500;MQ=40.00;(Q0D=30.02; SOR=0.693
GT:AD:DP:GQ:PGT:PID:PL:PS ./.:0,0:0:0:.:.:0,0,0 0/0:1,0:1:3:.:.:0,3,19

1/1:0,2:2:6:1[1:159218_G_A:70,6,0:159218 ./.:1,0:1:0:.:.:0,0,0
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10124 A& - 1) Variant Filtration BI0TOk:

BCFtools =2 724

utilities for variant calling and manipulating VCFs and BCFs.

## Extract only PASS SNPs
bcftools view —f PASS combined_flt_snps.vcf > combined_flt_snps.PASS.vcf

## Additional filtering
## FORMAT:DP>5

bcftools view —-i 'FMT/DP>5' combined_flt_snps.PASS.vcf > combined_flt_snps.PASS.DP5.vcf

## QUAL>40
bcftools view —-i 'QUAL>40' combined_flt_snps.PASS.vcf > combined_flt_snps.PASS.qual.vcf

40
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HZ4 =2 (Phylogenetic tree) BIOTOR:

. HEXEAM
o1 1=
ME9| Xlot #HAE Bfo|7] floll & £= 18 I8 ASM &AIE E+lol= &4 B
MEGA, IQ-TREE, PHYLIP, BEAST, PAUP, MrBayes, RAXML S i
- =M HIH . e
- UPGMA (Unweighted Pair Group Method with Arithmetic Mean) =
- NJ (Nelghbour—J_om_lng) e
- ML (Maximum Likelihood) S-- =
o
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HE% &Y - Input file 218 (VCF to FASTA) BIOTOR:

##fileformat=VCFv4.2 .
##FORMAT=<ID=DP,Number=1, Type=Integer,Description="Read Depth"> VCF (Varlant Call Format)
##FORMAT=<ID=GQ, Number=1, Type=Integer,Description="Genotype Quality">

##FORMAT=<ID=GT,Number=1, Type=String,Description="Genotype">

##INFO=<ID=AC,Number=A, Type=Integer,Description="Allele count in genotypes, for each ALT allele, in the same order as listed">
##INFO=<ID=AF,Number=A, Type=Float,Description="Allele Frequency, for each ALT allele, in the same order as listed">
##contig=<ID=chrol, length=43270923>

#CHROM POS 1ID REF ALT QUAL FILTER INFO FORMAT SAMPLE1 SAMPLE2 SAMPLE3 SAMPLE4 SAMPLES SAMPLEG6 SAMPLE?7
chrol 130333 . T 225 . AC=90;AF=0.234 GT:DP:GQ ©0/0:35:99 0/0:15:72 0/0:6:45 0/0:10:57 0/0:13:66 0/0:26:99 0/0:30:99
chrol 222644 . 125 . AC=292;AF=0.764 GT:DP:GQ 1/1:25:72 1/1:16:45 1/1:17:48 1/1:8:21 1/1:17:48 1/1:49:99 1/1:27:78
chrol 242098 . 188 . AC=196;AF=0.513 GT:DP:GQ 1/1:32:93 1/1:12:33 1/1:10:27 1/1:3:6 1/1:21:60 1/1:56:99 1/1:63:99
chrol 242110 . 96 . AC=290;AF=0.763 GT:DP:GQ 1/1:32:93 1/1:12:30 1/1:10:27 1/1:4:6 1/1:20:57 1/1:57:99 1/1:60:90
chrol 242161 . 196 . AC=87;AF=0.230 GT:DP:GQ 0/0:25:99 0/0:2:33 0/0:4:39 0/0:4:39 0/0:6:45 0/0:43:99 0/0:49:99

O -H o > > > 0N
O >» > - 6o -

chrol 242383 . 145 . AC=184;AF=0.487 GT:DP:GQ 1/1:24:69 1/1:13:36 ./. 1/1:4:9 1/1:12:33 1/1:26:75 1/1:20:57
chrol 267711 . 59 . AC=264;AF=0.754 GT:DP:GQ ./. . 1/1:6:15 ./ 1/1:6:15 1/1:14:39 1/1:6:15
>SAMPLE1
CTGTGANNnGCGATTCnnnnCCAAGAATATTGAACAGTGTGTTAACANCAGGTTACACTCCTAAAAGTCTGAGACACGCATAGTACTTTCTCGTAGTTCG. ..
>SAMPLE?2
CTGTGANNnCGCGATNnCATTACCAAGAATATTGAACAGTGTnnnnnCnnnAGGTTACACTCCTAAAAGTCTGAGACACGCATAGTACTTTCTCGTAGTTCG. ..
>SAMPLE3
CTGTGNCACGCGATTCATTACCAAGAANANTGAACAGTGTGTTAACNCCAGGTTANACTCCTAAAAGNNTGAGACACNNATAGTACTTTCTGGTAGTTCG. ..
P _th S - t >SAMPLE4
\/ C)r] (:rIF) |r]£J CTGTGANNNGCnnnTCnnnnCCAANAANNNTNNGCAGTGTRTTAACACCANGTTANNCTCCTAAAAGTNTGANNNNCGCATNNNNNNTTNTNNTNGTTCG. ..
FASTA format

43




U2 |

HE% &Y - Input file 218 (VCF to FASTA) BIOTOk:

## Input format &4 H2 04
python vcf2fasta.py combined_flt_snps.PASS.vcf

## Input format Z1} I =10l

less phylo_tree.fasta

 phylo_tree.fasta It & G| A]

>MixR
CTACTCCCAGGCCCKTRAGTCCCCGCGTGAYKWAGYTRRGGCCGTGAACTGYAAGCRTAMGACCARCACRMTYYYRTYYRRMAATYWACRMYRCTRCGATCAACYRRTCWATTTSAYCCTYRTGCRYRRRWRRMYC
>Mix5s
MYACTCCCAGGCCCTKRRGTCYCCRYGYGRYKWMGYTGRRGCCGTGAACYGYRMGYRYRMGRYCRRYMYRCYYYYRTYYRRMAATYWACRMYRCTRYGRKYAACYRRWYWATTTSWYSYWYRKGCRYRRRWRRMY C

>SWSSSSSTTAAGTCCCCGCGTRRYGAAGTTGGGGCCGTGAACTGCAAGCATAAGACCAGCACGCTYCCATCCAGCAATTTRYGCCGYKACRRKYRRMTGGTCTATTYSAYCCTYRTGCRTRRRWRGACC

CTACTCCCAGGCCCTTGAGTCCCCGCGTGATTTAGCYGGGRYYRYRRRYTGCAAGCGTACGACCAACACACTCYYRYYYRRMRWWYWACRMYRCTGCGATCAACCAGTCAWKTTCWCSYWTGKKSRYRRRWRRMCM
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« MEGA 11 2213 CIRFE : https://www.megasoftware.net/

E G A Molecular Evolutionary tutorial ~ features documentation ~ feedback
Genetics Analysis

A AVE A B WIE SR N B W S i AL A ; B ;

content. All rights not expressly granted are reserved by the copyright holders.

5. NO WARRANTIES

The copyright holders expressly disclaim any warranty for the MEGA software product. MEGA is provided 'As Is*
without any express or implied warranty of any kind, including but not limited to any warranties of merchantability,
non-infringement, or fitness of a particular purpose. The copyright holders do not warrant or assume responsibility
for the accuracy or completeness of any information. text, graphics. links or other items contained within the MEGA
software product. The copyright holders make no warranties respecting any harm that may be caused by the
transmission of a computer virus, worm, time bomb, logic bomb, or other such computer program. The copyright
holders further expressly disclaim any warranty or representation to Authorized Users or to any third party.

¢ Sophisticated and user-friendly software suite for analyzing DNA and protein
sequence data from species and populations.

6. LIMITATION OF LIABILITY

In no event shall the copyright holders be liable for any damages (including, without limitation, lost profits, business
interruption, or lost information) rising out of 'Authorized Users' use of or inability to use the MEGA software
product, even if copyright holders have been advised of the possibility of such damages. In no event shall copyright
holders be liable for loss of data or for indirect, special, incidental, consequential (including lost profit), or other
damages based in contract, tort or otherwise. The copyright holders shall have no liability with respect to the
content of the MEGA software product or any part thereof, including but not limited to errors or omissions
contained therein, libel, infringements of rights of publicity, privacy, trademark rights, business interruption,
personal injury, loss of privacy, moral rights or the disclosure of confidential information.

Sequence Analyses Statistical Methods Powerful Visual Tools
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E4 BN - T2 M%)/ [IY 21T BI0To

[X Molecular Evolutionary Genetics Analysis - o X [X] open a File x
Analysis Help

v W s
wm Open & Flle/Session |, < * > WPC > HIE R > data M
Open a Recently Used File  » o . -
? v ! T i s o o i @ o FH- HES =- ™ @
Edit a Text File N N’ N’ N’ S N N N’ N’ [ Documents & o= ~ ms o - -
5 0= SIS "E 37
Convert File Format to MEGA DISTANCE  DIVERSITY PHYLOGENY USERTREE ANCESTORS SELECTION RATES CLOCKS DISEASE Lezc
¥ me2s 4 Phylogenetic_tree.fa 2023-05-30 27 10:56  FA Ot 516K8
B Printer Setup,., By
Quit MEGA CEEES How would you like to cpen this fasta file? pd
TIMETREE = AE
= A

b s

B reye # Analyze or Align File?
MEE D)

BSO1_REPORT(#

€
DATAMONKE

BSO1_DATA_02(

BSO1_DATA_O1( ﬁk“gl"l Analyze

BSO1_KYJ_HOM
= Zwork(W#192.1

HHHH

@ ysEa3

v

THE O[Z(N): | Phylogenetic_tree.fa v‘ All Files (+#) ~

| 271(0) I =

Input Data Options

Nucleotide Sequences Missing Data ?

Proteln Seguences Alignment Gap -

Confirmaticn =

Pairwise Distance Identical Symbol | .

Done Loading
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[E Molecular Evolutionary Genetics Analysis - m] X
File Analysis Help
- . rn
T) @) () (&) ) O, +
N’ - N’ Yo N’ N e
ALIGN DATA EEEE  CEOUS RIS ([ s H lolhond Troe }  RATES CLOCKS DISEASE
x| ’,‘_} Construct/Test MNeighbor-Joining Tree,,,
TA  Tcose
L] Data
Construct/Test UPGMA Tree,,, TIMETREE

=
13
-

Construct/Test Mazimum Parsimony Tree(

QOpen Tree Session

@

DATAMONKEY

M11: Analysis Preferences
Phylogeny Reconstruction
Option
ANALYSIS
Scope
Statistical Method
PHYLOGENY TEST
Test of Phylogeny
Mo, of Bootstrap Replications
SUBSTITUTION MODEL
Substitutions Type
Model/Method
Substitutions to Include
RATES AND PATTERNS

Rates among Sites

Pattern among Lineages
DATA SUBSET TO USE

Gaps/Missing Data Treatment

SYSTEM RESOURCE USAGE
Hurmber of Threads

7 Help

| Cancel |

Setting

All Selected Taxa

MNeighbor-joining

Bootstrap method
1000

Nucleotide

Maximum Composite Likelihood

d: Transitions + Transversions

Uniform Rates

Same (Homogeneous)

Pairwise deletion

1
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SloTOk:

M11: Progress

PROGRESS -

DETAILS

STATUS/CPTIONS

RUM STATUS
Start time

Dperation Bun Time

Status

Bootstrap Rep #

* STOP

2023-05-30 13:14:15
000003

Conducting Bootstrap Test
81000 [00:01:47 remaining]
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(MEGA11 Z1})

E M11: Tree Explorer: (Phylogenetic_tree fa)
File Search Image Subtree Wiew

BAEDO|YOEESHO

Compute

+ [£]Taxon Names

~ Layout

ﬂ'_E Tree Style

{E | Toggle Scaling of the Tree
:EE Auto-size Tree

«" | Drag to Resize Tree

>[E Root on Midpaoint

EE Root on Quigroup

Tree Width
Tree Height
» Subtree
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Caption Help
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Font... Font Size

Hide Overlapping Taxa
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Arrange Taxa
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O By Input Order
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-[E Toggle Scaling of the Tree
j:E Auto-size Tree
«" | Drag to Resize Tree
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! Root on Outgroup
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Tree Height

~ Subtree

@ Display Subtree Separately

Y | Format Subtree_
Use Subtree Draw Options
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