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File types used in this lecture:

.FASTA

.FASTQ

.GFF3

fasta files are used for sequence records.

Jdseql
(EAAACGCCGTAGCGCCGATGGTAGTGTGGGGTCTCCCCATGCGAGAGTAGGGAACTGCCAGGTATCAAAT

TAAGCAGTAAGCCGGT GAATTCGGTGGAGCGGTAGTTCAGTCGGTTAG
AATACCTGCCTGTCACI  The character “>” CCCGTCCGTTCCGCCACTTACTAAGAAGCCTC
GAGTTAACGCTCGAGG specify the title of the TTATTGCCAAAATCGCAAAAATCCTCTGCGTT
TTACGCCATTTTTCCG sequence record ACCTCAGTTAACGAAAATAGCATTAAAAGAGG
CATATTATGGCTATCC CCGTCTGAAAGACGACGTTGTTATTTCATCTG
TGAAAACGGCGCTTGAACTTGATTATCGCGCAATTGATACCGCACAAATCTATGATAACGAAGCCGCAGT
AGGTCAGGCGATTGCAGAAAGTGGCGTGCCACGTCATGAACTCCACATCACCACTAAAATCTGGATTGAA
AATCTCAGCAAAGACAAATTGATCCCGAGTCTGAAAGAGAGCCTGCAAAAATTGCGTACCGATTATGTTG
ATCTGACGCTAATCCACTGGCCGTCACCAAACGATGAAGTCTCTGTTGAAGAGTTTATGCAGGCGCTGCT
GGAAGCCAAAAAACAAGGGCTGACGCGTGAGATCGGTATTTCCAACTTTACGATCCCATTGATGGAAAAA
GCGATTGCTGCTGTTGGCGCTGAAAACATCGCTACTAACCAGATTGAACTCTCTCCTTATCTGCAAAACC
GTAAAGTGGTCGCTTGGGCTAAACAGCACAGTATCCATATTACTTCCTATATGACGCTGGCGTATGGCAA
GGCACTGAAAGATGAGGTTATTGCTCGTATTGCAGCTAA

>seq2
CCTGGTTAGCCCGGAAGGTCTGGCTCCTGAATGGGATTAAGCCTCTCTGACAGCTCCTCCGGGAGCTGTT
TTTACATGCTCGCTAAGGAAATCGATAAAAGCCCGGATGCGCGTACTTACCGCACGGTCGCTGTAATAGA
CTGCACTGAATGGCATTTCTACTGGCAACACTTTATCTGCTATTAACTCCACCAAT



File types used in this lecture:

.FASTQ

fastq file is for raw data of sequencing

@SRR836349.1 HWI-ST1085:39:DOD7RACXX:1:1101:1265:1993 length=100
CTCGATTCAGCCACACCGGTCAGAGCCAGGTCTATACCAACGCCTGTGCCCCCGTCGACTGATGCTACC
+SRR836349.1 HWI-ST1085:39:DOD7RACXX:1:1101:1265:1993 length=100

JDDDDFFFHHHHHIJJJJ31J3J33J1333JHHITIIIIGIGGITIIIIIITIIIIHHFFDDDDCDDDDDDD

@SRR836349.2 HWI-ST1085:39:DOD7RACXX:1:1101:1459:1994 length=100
TTTGGATCAGCCCAGAGGCATCCCCAAAAAGCTGAAGAATGCCAAGAGTGATAGATAAATCTGCTGAGA
+SRR836349.2 HWI-ST1085:39:DOD7RACXX:1:1101:1459:1994 length=100
JDDDFFFFHHHHHIJJJ3J3J3HIJJJJJIJJJJJ1JJI1I3J31J331JIJGI=FGIJJIJJIIIIIITIIIGH

@: sequence string

+: quality score string



File types used in this lecture:

.FASTA

.FASTQ

.GFF3

.gff3 file is used for genome feature annotation

##tgff-version 3

chrl . gene
chrl . mRNA
chrl . exon
chrl . exon
chr2 . gene
chr2 . mRNA
chr2 . exon
chromosome

1300
1300
1300
1050
3000
3000
3700

Feature

type start

9000
9000
1500
1500
3902
3902
3902

+ . ID=gooeo1;Name=sonichedgehog
+ . ID=mrnald0dl;Parent=goo001

+ . ID=exon00001;Parent=mrnadool
+ . ID=exon00002;Parent=mrnadool

- . ID=g59003;Name=abc
- . ID=mrna6704;Parent=g59003
- . ID=exonB00o5 ;Parent=mrna6704

end strand ID & annotation



Estimate the percentage of
sequencing reads in the FASTQ
file that contains the adapter
“AGATCGGAAGAGC”".

* Read file:
cat D7RACXX.fastq

* Select lines that contain the string
“AGATCGGAAGAGC”

grep AGATCGGAAGAGC

e Count the selected lines

k wc -|

4=DFFFFHHHHAJJIIIIIIIIIIIIIIGHIJFGIJEHIGEEEFDEBEEDEEEDEEDDDDE DDEDDDDDDDDDDDEEDDCDDDDDDEDDDDDDDEDDACT
SERB836349.12 HWI-S5TI1085:359:DODTRACKX:1:1101:4020:1994 length=100
CCAGTCTGCGTCCGCCTAGGCCCGRTCGRACGAGCCTGGEGCCARGGTGGCGTACCAGRCCAGCGTCAGCATCACCGGCCACGTCTICARAGGGCATCCTIG
SRRE836349.12 HWI-S5T1085:359:DODTRACKX:1:1101:4020:19%4 length=100
4=DFFFFGHAHHITITITITIITITIITIITITIITITHHHHFFCCCCCECBCCBCCCCCCCCCCCCBRBCCCCCCCCCCCCCCCCCCCCCECCCCCCCCCCC
SER836345.13 HWI-S5T1085:35:D0DTRACEX:1:1101:4438:1991 length=100
TACGGRCAGCTCGEIGCACT GCTICRAARAACT GCCGEATGTAGTICCCACRAGGEATT CCCCTGECT GAGRT CEGARGAGC GTTCAGCAGGRATGCCGAG
SER836349.13 HWI-S5T1085:359:DODTRACKX:1:1101:4438:1991 length=100

SERE836349.14 HWI-ST1085:39:DODTRACKX:1:1101:4582:1998 length=100
TATTACAGCAGECGCGCCGAGAGAGAGT GEAGAGEAGAGGACGET GECGAT COGAGCGAGCTGAGATCEEARGAGCGEGTTCAGCAGGAATGCCGAGRCCE
SRERE836349.14 HWI-ST1085:39:DODTRACKX:1:1101:4582:1998 length=100
1=DFFFFGEHHHHIJJIIIIGIGIFHFH=EBGGHI IJGHGHHGHFDCDDDDDDDDEDD DD DD DD DD DD DD D DD DD DEDEDDD DD DD DD DD DD DDDDEDE
SER836349.15 HWI-S5T1085:359:DODTRACKX:1:1101:4981:1992 length=100
CGEGRTAICIGCGACAGCTIGCIGIAGTACAGTACAGETACAGTACGTACGTITGCAGTAGRAGCAATCCATGCATRAARTACGICTIGCCACACCGGRGGAG
SER836345.15> HWI-S5T1085:35:D0DTRACKX:1:1101:45981:1992 length=100

SRERE836349.16 HWI-ST1085:39:DODTRACKX:1:1101:4834:1996 length=100
AGGACAGCCGGEACTIARTGATGARAGAGAT GGCTCTICATCATCARGAGATTCARGACGECGCTARARGGT CACAAGGGECAGAGATCEEGARGAGCCGTIC
SER836349.16 HWI-5T1085:39:DODTRACKX:1:1101:4834:1996 length=100
1=DDDDDHHDHHIIIIIIIIIIIITIIIIIIIIIITITIITIIIIIITITIIIGIEEIIIIECCEBCCCBCCCCCCBEEEEBEBECCCEE PEEEBCEEEBED
SER836345.17 HWI-5T1085:35:D0ODTRACKX:1:1101:5373:1997 length=100
AGGRCTGCGGCCGCCGTGAGCGTCATCAGAT CGCCGGGGCTICTGRCGCCARCCGCGECCTGCACGGCEGCGGCCACCTGGTCGTGGCGCECCCCCGLG
SERE836349.17 HWI-S5T1085:359:DODTRACKX:1:1101:5373:19397 length=100
1=DFFFFHHAHHITIIIIIIIIIIIIIIIIIGIIITIHFFCCCCCCCECCCCECBCCCCCCCCCCCCCEEBCCEBEE »5@BACCACBEBBRBE > >BEBCCEY>B
SERB836345.18 HWI-STI1085:35:DODTRACKX:1:1101:5308:1997 length=100
TAGCCAGCGRACCGCIACGIGECAGT CGTCGIGAGGACACCTRAATCCTCARTTCGCATAARTATICACCTACACCCCTIGCGICCARGGTATTITICGICTIT
SER836349.18 HWI-S5TI1085:359:DODTRACKX:1:1101:5308:1997 length=100
4=DDFFFHHHHHIJJIIIIJIIJIIIIJIIHIGIIGGIJHGHHFFFFFFEEEEDDDDDDDEEEFDEDDDDDACCBEDDDDDDDDDDDDCCEEEEDDBD ?
SRERE836349.19 HWI-S5T1085:39:DODTRACKX:1:1101:5732:1994 length=100
ATCICTGCTTGATTAGRALAAGEAGAT CCACGGCCTGT GAGTARCTACGCCATGTTACGRAAT CACAGAGATCGERAAGAGCGGTTCAGCAGEARTGCCGR
SRERE836349.19 HWI-ST1085:39:DODTRACKX:1:1101:5732:1994 length=100

SERB836349.20 HWI-S5TI1085:359:DODTRACKX:1:1101:5623:1995 length=100
T GEACT GCACCCTTAGGCGACTICTGCGCGERATAGT CTICGCGATAGACATIGGATITICICGCACTIGITGIGCTIAGTI CCGGCTGRGAT CGGRR
S5ER836345.20 HWI-5T1085:35:D0ODTRACKX:1:1101:5623:199% length=100

SRERE836349.21 HWI-ST1085:39:DODTRACKX:1:1101:6484:1991 length=100
GAAGACTGCGACTTACCGIGTIGGAGTITGTI GTAGCCACCGT GARACACCACACT GCGCGCCEGCCGCCACCACCARARGAGAGTGTITCCGCCGCCGTGE
SER836349.21 HWI-5T1085:39:DODTRACKX:1:1101:6484:1991 length=100
4=DDFFFGHHGHIJIJIIIIIIJILIIIJIIJIIIIIIIIIIIIIJHIIIIIIJIIJHHEFDDDDDDDDDDDDDDD DD DDDDDD : ACEDDDDDDDDDDEDD
SERE836349.22 HWI-ST1085:39:D0DTRACKX:1:1101:6274:1992 length=100
ATATGCCAGCTAATCGTGT GGCTITRAGRAGCCTGT GTACRRAGCTCGTARCGARGGGCGCGATCITGCTCGTIGRAGGTARTGRAARTTATCARAGCAGAGR
SRRE836349.22 HWI-ST1085:39:DODTRACKX:1:1101:6274:1992 length=100

SER836345.23 HWI-ST1085:35:DODTRACKX:1:1101:6437:1995 length=100
GCIGATCAGCTICCCCGITGICGCCEECEACGACCIGECGCT FAGATCEEARGRGCGET TCAGCAGGART GCCGAGACGGRTICTCGIATGCCGIGITICIG
S5ER836345.23 HWI-5T1085:35:D0ODTRACKX:1:1101:6437:199% length=100
11BDDDDAFEFHHGIIAFGEFHGEHI<D<FGE" , 528 (998 8@ BEEBBT258< D B5-2 (134870 (44: :>&009 (0a00CCREEFE5 5354545548
SRRE836349.24 HWI-ST1085:359:DODTRACKX:1:1101:7042:19398 length=100
CACCCRGCTTGAATCGRGGATTCACCCARACCACACTCTCARRGRACCARCCARCACAGCCTRACRATCARTCGRAGGAGRCCTCGRAGGGRAGTAGGRECAC
SER836345.24 HWI-STI1085:35:DODTRACKX:1:1101:7042:1998 length=100
4=DDFFFHHHHHIJJIIIIIIIIJIJIIJIIGHIJGIGIIJIIJIGHITIJIIIIJJJEHHHFFFFFEDCEEDDDDDDDDDDDDDDDDDDDSACCDDDER
SER836349.25 HWI-S5TI1085:359:DODTRACKX:1:1101:7402:1992 length=100



Estimate the percentage of
sequencing reads in the FASTQ
file that contains the adapter
“AGATCGGAAGAGC”".

4=DFFFFHHHHHIJJJJIIIIIIIIIIGHIJFGIJEHIGEEEFDEEEBEDBREDBEDDDDA DDEDDDDDDDDDDDEEDDCDDDDDDEDDDDDDDEDDACC
SERB36349.12 HWI-S5T1085:39:DODTRACKX:1:1101:4020:1994 length=100
CCAGTCTGCGTCCGCCTAGGCCCGGTCGACGAGCCTGEEGCCARAGETGGCGTACCAGACCAGCGTCAGCATCACCGGCCACGTCTTCAAGGGCATCCTG
SER830349.12 HWI-ST1085:39:DODTRACKX:1:1101:4020:1994 length=100
4=DFFFFGHRHHITITIIITIITIITIITIIITIITIIITTHHHHFFCCCCCRCBCCEBCCCCCCCCCCCCBBCCCCCCCCCCCCCCCCCCCCCECCCCCCCCCC
SRERB36349.13 HWI-5T1085:39:DODTRACKX:1:1101:4438:1991 length=100
TACGERCAGCTCGGIGCACTGCTTCARA R ACTGCCGGRIGTAGTI CCCACAGGGRTICCCCIGECT GAGATCEERARGRGCGGTT CAGCAGGRATGCCGAG
SERB36349.13 HWI-S5T1085:39:DODTRACKX:1:1101:4438:1991 length=100

SERE830349.14 HWI-ST1085:39:DODTRACKX:1:1101:4582:1998 length=100
TATTACAGCAGGCGCGCCGAGAGAGAGT GRAGAGGAGRAGGACGET GECGAT CGAGCGAGCT CAGAT CGERAAGAGCGCTTCAGCAGEARTGCCGAGRCCE
SER836349.14 HWI-ST10E85:39:DODTRACKX:1:1101:4582:1998 length=100
1=DFFFFGHHHHJJJIIJIGIGIFHFH=BGGHIIJGHGHHGHFDCDDDDDDDDBELDDDDDDLDDDDDDD DL DDDDEDEDDD DD DD DD DDDDDDD DDEDE
SERB36349.15 HWI-S5T1085:39:DODTRACKX:1:1101:4981:1992 length=100
CEGATRATCT GCGRCAGCTIGCTGTAGTACAGTACAGGTACAGTACGTACGTIGCAGTAGARAGCARTCCATGCATRAARTACGTCIGCCACACCGGAGGAG
SERE8363459.15 HWI-S5T1085:39:DODTRACKX:1:1101:4981:1992 length=100

SER836349.16 HWI-ST10E85:39:DODTRACKX:1:1101:4834:1996 length=100
AGGACAGCCGGACTIAATGATGAAGAGATGEGCTCTCATCAT CAAGAGATTCAAGACGECGCTAAARGGT CACAAGGEECAGAGATCEEAAGAGE GETTC
SER836349.16 HWI-STI1085:39:DODTRACKX:1:1101:4834:1996 length=100

SERE836349.17 HWI-S5T1085:39:DODTRACKX:1:1101:5373:1997 length=100
AGGACTGCGGCCGCCGTGAGCETCAT CAGAT CGCCGGEECTTCT GACGCCARCCGCGEGCCT GCACGGCGECGGCCACCTGGTCGTGGCGCGCCCCCGLG

BEBE>>BBCCES>B

RGETATTICGICIT

PDDCCEEEEDDBD?

RGCAGGALTGCCGER

cat D7RACXX.fastq | grep AGATCGGAAGAGC | wc-|

GGCIGAGRTCGGAR

EEBBBLE : &CEBEB

[TCCGCCGCCEIGGE

DDDDDDDDDDEDD

TTATCRAAGCARGRAGA

SER836349.22 HWI-ST10E85:39:DODTRACKX:1:1101:6274:1992 length=100

SRERB36349.23 HWI-S5T1085:39:DODTRACKX:1:1101:6437:1995 length=100
GCIGATCAGCTCCCCGITGICECCGECGACGACCTGECGCT GRAGAT CEGRAGAGCEETICAGCAGGRART GCCGAGACGEGATICTICGTATGCCGIGIICIG
SERE836349.23 HWI-S5T1085:39:DODTRACKX:1:1101:6437:1995 length=100
11BDDDDAFEBFHHGITAFGEFHGGHI«<D<FGE' , 57 (998 ;8B EREBT258<9: B5-2 (134870 (44: :>&090 (0&00CCREF£5545 55554455
SER830349.24 HWI-ST1085:39:DODTRACKX:1:1101:7042:1998 length=100
CRCCCRGCTTGAAT CGAGGATTCACCCARCCACACTCTCARAGALCCARCCRAACACAGCCTACAAT CRATCGAGGAGRCCTCGRAGGGAGTAGGAGCAC
SRERB36345.24 HWI-S5T1085:39:DODTRACKX:1:1101:7042:1998 length=100
4=DDFFFHHHHHJJJIIIJIJIIJIJIIJIIJIIGHIJGIGIIJIIJIGHIJJJIIIJIJJEHHHFFFFFEDCEEDDDDDDDDDDDDDDDDDDDEACCDDDEE
SERB36349.25 HWI-S5T1085:39:DODTRACKX:1:1101:7402:1992 length=100



Estimate the percentage of
sequencing reads in the FASTQ
file that contains the adapter
“AGATCGGAAGAGC”".

4=DFFFFHHHHHIJJJJIIIIIIIIIIGHIJFGIJEHIGEEEFDEEEBEDBREDBEDDDDA DDEDDDDDDDDDDDEEDDCDDDDDDEDDDDDDDEDDACC
SERB36349.12 HWI-S5T1085:39:DODTRACKX:1:1101:4020:1994 length=100
CCAGTCTGCGTCCGCCTAGGCCCGGTCGACGAGCCTGEEGCCARAGETGGCGTACCAGACCAGCGTCAGCATCACCGGCCACGTCTTCAAGGGCATCCTG
SER830349.12 HWI-ST1085:39:DODTRACKX:1:1101:4020:1994 length=100
4=DFFFFGHRHHITITIIITIITIITIITIIITIITIIITTHHHHFFCCCCCRCBCCEBCCCCCCCCCCCCBBCCCCCCCCCCCCCCCCCCCCCECCCCCCCCCC
SRERB36349.13 HWI-5T1085:39:DODTRACKX:1:1101:4438:1991 length=100
TACGERCAGCTCGGIGCACTGCTTCARA R ACTGCCGGRIGTAGTI CCCACAGGGRTICCCCIGECT GAGATCEERARGRGCGGTT CAGCAGGRATGCCGAG
SERB36349.13 HWI-S5T1085:39:DODTRACKX:1:1101:4438:1991 length=100

SERE830349.14 HWI-ST1085:39:DODTRACKX:1:1101:4582:1998 length=100
TATTACAGCAGGCGCGCCGAGAGAGAGT GRAGAGGAGRAGGACGET GECGAT CGAGCGAGCT CAGAT CGERAAGAGCGCTTCAGCAGEARTGCCGAGRCCE
SER836349.14 HWI-ST10E85:39:DODTRACKX:1:1101:4582:1998 length=100
1=DFFFFGHHHHJJJIIJIGIGIFHFH=BGGHIIJGHGHHGHFDCDDDDDDDDBELDDDDDDLDDDDDDD DL DDDDEDEDDD DD DD DD DDDDDDD DDEDE
SERB36349.15 HWI-S5T1085:39:DODTRACKX:1:1101:4981:1992 length=100
CEGATRATCT GCGRCAGCTIGCTGTAGTACAGTACAGGTACAGTACGTACGTIGCAGTAGARAGCARTCCATGCATRAARTACGTCIGCCACACCGGAGGAG
SERE8363459.15 HWI-S5T1085:39:DODTRACKX:1:1101:4981:1992 length=100

SER836349.16 HWI-ST10E85:39:DODTRACKX:1:1101:4834:1996 length=100
AGGACAGCCGGACTIAATGATGAAGAGATGEGCTCTCATCAT CAAGAGATTCAAGACGECGCTAAARGGT CACAAGGEECAGAGATCEEAAGAGE GETTC
SER836349.16 HWI-STI1085:39:DODTRACKX:1:1101:4834:1996 length=100

SERE836349.17 HWI-S5T1085:39:DODTRACKX:1:1101:5373:1997 length=100
AGGACTGCGGCCGCCGTGAGCGTCATCAGAT CGCCGGEECTTCTGACGCCARCCGCGGCCTGCACGGCGGCGGCCACCTGGTCGT GGCGCGCCCCCGLG
SERE30349,17 HWI-STIO0ES:39:DODTRACKX:1:13101:5373:1997 length=100

BACCRCEEBBEB>>BECCEY>B

CGTCCRAGGTATITCGICTIT

DODDDDDDCCEEEEDDBD ?

GGITCAGCAGGARTGCCGA

cat DeD7RACXX.fastq | head -n 40000 |grep AGATCGGAAGAGC |we-l L

To get a quick answer, you can estimate the
percentage based on the first 40,000 lines

AGICCGGCIGAGRTCGGAR

CCCCCEEBEBAR : @CBEER

AGIGITICCGCCGCCGIGG

DD: ACEDDDDDDDDDDEDD

TGRAATTATCRAAAGCAGRGA

TR SO I . 0 B R b A N o e e e L W o W L R g B A @ A e e R ITCIIQUIl— IO

SRERB36349.23 HWI-S5T1085:39:DODTRACKX:1:1101:6437:1995 length=100
GCIGATCAGCTCCCCGITGICECCGECGACGACCTGECGCT GRAGAT CEGRAGAGCEETICAGCAGGRART GCCGAGACGEGATICTICGTATGCCGIGIICIG
SERE836349.23 HWI-S5T1085:39:DODTRACKX:1:1101:6437:1995 length=100
11BDDDDAFEBFHHGITAFGEFHGGHI«<D<FGE' , 57 (998 ;8B EREBT258<9: B5-2 (134870 (44: :>&090 (0&00CCREF£5545 55554455
SER830349.24 HWI-ST1085:39:DODTRACKX:1:1101:7042:1998 length=100
CRCCCRGCTTGAAT CGAGGATTCACCCARCCACACTCTCARAGALCCARCCRAACACAGCCTACAAT CRATCGAGGAGRCCTCGRAGGGAGTAGGAGCAC
SRERB36345.24 HWI-S5T1085:39:DODTRACKX:1:1101:7042:1998 length=100
4=DDFFFHHHHHJJJIIIJIJIIJIJIIJIIJIIGHIJGIGIIJIIJIGHIJJJIIIJIJJEHHHFFFFFEDCEEDDDDDDDDDDDDDDDDDDDEACCDDDEE
SERB36349.25 HWI-S5T1085:39:DODTRACKX:1:1101:7402:1992 length=100



cat DeD7RACXX.fastq | head -n 40000 |grep AGATCGGAAGAGC

VS

cat DeD7RACXX.fastq | grep AGATCGGAAGAGC | head -n 40000



Estimate the percentage of
sequencing reads in the FASTQ
file that contains the adapter
“AGATCGGAAGAGC”".

cat D7RACXX.fastqg | \
head -n 40000 | \
grep AGATCGGAAGAGC | \

wc -1

Use “\” to separate the
command into multiple
lines. Make sure no space
after “\”

4=DFFFFHHHHHIJJJJIIIIIIIIIIGHIJFGIJEHIGEEEFDEEEBEDBREDBEDDDDA DDEDDDDDDDDDDDEEDDCDDDDDDEDDDDDDDEDDACC
SERB36349.12 HWI-S5T1085:39:DODTRACKX:1:1101:4020:1994 length=100
CCAGTCTGCGTCCGCCTAGGCCCGGTCGACGAGCCTGEEGCCARAGETGGCGTACCAGACCAGCGTCAGCATCACCGGCCACGTCTTCAAGGGCATCCTG
SER830349.12 HWI-ST1085:39:DODTRACKX:1:1101:4020:1994 length=100
4=DFFFFGHRHHITITIIITIITIITIITIIITIITIIITTHHHHFFCCCCCRCBCCEBCCCCCCCCCCCCBBCCCCCCCCCCCCCCCCCCCCCECCCCCCCCCC
SRERB36349.13 HWI-5T1085:39:DODTRACKX:1:1101:4438:1991 length=100
TACGERCAGCTCGGIGCACTGCTTCARA R ACTGCCGGRIGTAGTI CCCACAGGGRTICCCCIGECT GAGATCEERARGRGCGGTT CAGCAGGRATGCCGAG
SERB36349.13 HWI-S5T1085:39:DODTRACKX:1:1101:4438:1991 length=100

SERE830349.14 HWI-ST1085:39:DODTRACKX:1:1101:4582:1998 length=100
TATTACAGCAGGCGCGCCGAGAGAGAGT GRAGAGGAGRAGGACGET GECGAT CGAGCGAGCT CAGAT CGERAAGAGCGCTTCAGCAGEARTGCCGAGRCCE
SER836349.14 HWI-ST10E85:39:DODTRACKX:1:1101:4582:1998 length=100
1=DFFFFGHHHHJJJIIJIGIGIFHFH=BGGHIIJGHGHHGHFDCDDDDDDDDBELDDDDDDLDDDDDDD DL DDDDEDEDDD DD DD DD DDDDDDD DDEDE
SERB36349.15 HWI-S5T1085:39:DODTRACKX:1:1101:4981:1992 length=100
CEGATRATCT GCGRCAGCTIGCTGTAGTACAGTACAGGTACAGTACGTACGTIGCAGTAGARAGCARTCCATGCATRAARTACGTCIGCCACACCGGAGGAG
SERE8363459.15 HWI-S5T1085:39:DODTRACKX:1:1101:4981:1992 length=100

SER836349.16 HWI-ST10E85:39:DODTRACKX:1:1101:4834:1996 length=100
AGGACAGCCGGACTIAATGATGAAGAGATGEGCTCTCATCAT CAAGAGATTCAAGACGECGCTAAARGGT CACAAGGEECAGAGATCEEAAGAGE GETTC
SER836349.16 HWI-STI1085:39:DODTRACKX:1:1101:4834:1996 length=100

SERE836349.17 HWI-S5T1085:39:DODTRACKX:1:1101:5373:1997 length=100
AGGACTGCGGCCGCCGTGAGCGTCATCAGAT CGCCGGEECTTCTGACGCCARCCGCGGCCTGCACGGCGGCGGCCACCTGGTCGT GGCGCGCCCCCGLG
SER830349.17 HWI-ST1085:39:DODTRACKX:1:1101:5373:1997 length=100
1=DFFFFHHAHHITIIIIITIIITIIIIIIIIGIIITIHFFCCCCCCCECCCCBCECCCCCCCCCCCCCEBCCEBBB > SEBACCACEBRBEEB>»BECCEIE
SRERB36345.18 HWI-S5T1085:39:DODTRACKX:1:1101:5308:1997 length=100
TAGCCRAGCGRCCGCIACGIGECAGT CETI CGIGAGGACACCTARTCCTCARTICGCATARATATICACCTACACCCCITGOGTCCARGGTATITCGICTIT
SERB836349.18 HWI-S5T1085:39:DODTRACKX:1:1101:5308:1997 length=100
4=DDFFFHHHHHJJJIIIIIIJIIIIIJIITHIGIIGGIJHGHHFFFFFFEEEEDDDDDDDEEEFDEDDDDDACCEEDDDDDDDDDDDDCCEEEEDDBD ?
SER830349.19 HWI-ST1085:39:DODTRACKX:1:1101:5732:1994 length=100
ATCICTGCTTIGATTAGRAAARAGGAGATCCACGGCCTGTGAGTAACTACGCCATGTTACGALRT CACAGAGAT CEGERAAGAGCGETICAGCAGGARTGCCGR
SER836349.19 HWI-ST1085:39:DODTRACKX:1:1101:5732:1994 length=100

SERB36349.20 HWI-S5T1085:39:DODTRACKX:1:1101:5623:1995 length=100
TCCIGEACT GCACCCITAGGCGACTICT GCGCGEAT AGICT TCGCGRTAGRCATIGGATITICTICGCACTIGTITGIGCTTAGI COGGCTGRAGAT CGGAR
SERE836349.20 HWI-S5T1085:39:DODTRACKX:1:1101:5623:1995 length=100
4=DDDDDHHBHHITITIITIIIIIITIIITIITIIITIITIITITITIITHEECCCCCCCFFCCCCCCECCBEBEBCCCCBCEBCCCCCCCCBEERBELE : @CBEER
SER836349.21 HWI-ST1085:39:DODTRACKX:1:1101:6484:1991 length=100
GRAGACTGCGACTTACCGIGITGGAGI TGIGTAGCCACCGTGAAACACCACACTGCGCGCCEGCCGCCACCACCARARGAGAGTGTTTICCGCCGCCETIGG
SRERB36345.21 HWI-5T1085:39:DODTRACKX:1:1101:6484:1991 length=100
4=DDFFFGHHGHJJIJIIJIIJIIIIIIIIIIIIIIIIIIIIIIIHIIJIJIJIIJHEFDDDDDDDDDDDDDDDDDDDDDDD : RCEDDDDDDDDDDEDD
SERE836349.22 HWI-S5T1085:39:DODTRACKX:1:1101:6274:1992 length=100
ATATGCCAGCTARTCGTGTGGCTTTAGAAGCCTGT GTACAAGCTCGTARCGRAGGGCGCGATCTTGCTCGTGARAGGTAATGRAARTTATCARAGCAGAGR
SER836349.22 HWI-ST10E85:39:DODTRACKX:1:1101:6274:1992 length=100

SRERB36349.23 HWI-S5T1085:39:DODTRACKX:1:1101:6437:1995 length=100
GCIGATCAGCTCCCCGITGICECCGECGACGACCTGECGCT GRAGAT CEGRAGAGCEETICAGCAGGRART GCCGAGACGEGATICTICGTATGCCGIGIICIG
SERE836349.23 HWI-S5T1085:39:DODTRACKX:1:1101:6437:1995 length=100
11BDDDDAFEBFHHGITAFGEFHGGHI«<D<FGE' , 57 (998 ;8B EREBT258<9: B5-2 (134870 (44: :>&090 (0&00CCREF£5545 55554455
SER830349.24 HWI-ST1085:39:DODTRACKX:1:1101:7042:1998 length=100
CRCCCRGCTTGAAT CGAGGATTCACCCARCCACACTCTCARAGALCCARCCRAACACAGCCTACAAT CRATCGAGGAGRCCTCGRAGGGAGTAGGAGCAC
SRERB36345.24 HWI-S5T1085:39:DODTRACKX:1:1101:7042:1998 length=100
4=DDFFFHHHHHJJJIIIJIJIIJIJIIJIIJIIGHIJGIGIIJIIJIGHIJJJIIIJIJJEHHHFFFFFEDCEEDDDDDDDDDDDDDDDDDDDEACCDDDEE
SERB36349.25 HWI-S5T1085:39:DODTRACKX:1:1101:7402:1992 length=100



Three streams for a standard Linux program

STDIN ' I STDOUT
e e e cea U )

The first program in the chain
would read from a file.

STDERR
"cat" is often used as the first —

program.

One liner

cat rogram 1 rogram 2
inputfile prog prog

Write to file

o




Three streams for a standard Linux program

STDIN ' l STDOUT
-—k I - A

If the input file is a “.gz” file,

use “zcat” to read file.

One lin..

zeat rogram 1 rogram 2 >
inputfile S S PROBTETE



Search for a pattern and output

grep matched lines
S cat mydata.txt S cat mydata.txt | grep '[AC]GATC'
AAGATCAAAAAAGA AAGATCAAAAAAGA
ATTTACGAAAAAAGA AAACTTTCGACGATCT
ACCTGTTGGATCCAAAGTT
AAACTTTCGACGATCT




These two commands are same

cat mydata.txt | grep 'GATC'

grep GATC mydata.txt * Functions like sort, wc,

gunzip, head, tail, uniq can
process either a file or data
from STDIN.



grep -\/ Filter out certain lines

S cat mydata.txt S grep -v ‘M’
AAGATCAAAAAAGA
#seql
ACCTGTTGGATCCAAAGTT
AAGATCAAAAAAGA
H#seq?2

ACCTGTTGGATCCAAAGTT

* “-v” to select non-matching lines
« “A” beginning of a line; “S” end of line



WcC -] Count the number of lines

S cat mydata.txt $ cat mydata.txt | grep '[AC]GATC' | wc -l
AAGATCAAAAAAGA
2
ATTTACGAAAAAAGA
ACCTGTTGGATCCAAAGTT
AAACTTTCGACGATCT




SOrt Sortthetextin afile

S sort myChr.txt S sort -V myChr.txt S sort -n myPos.txt
Chr1 Chrl 1
Chr10 Chr2 2
Chr2 Chr3 3
Chr3 Chr4 4
Chra Chr5 5
Chrs Chrl0 10




SOrt Sortthe text by multiple columns

S sort -k1,1V -k2,2n myChrPos.txt

Chrl 12
Chrl 100
Chrl 200
Chr2 34
Chr2 121
Chr2 300



Locale and sorting

Computer English US English *
LC_ALL=C LC_ALL=US_en

Alphabetic order Alphabetic order

A
a

£ A

£ b

X B
C Use this Linux command to

Y ) .

. C find out the locale setting
on your server:

a
X

b X

C

X locale

X z

y 4

* On Linux, US English locale sorting
also ignore the non-alphanumerical
characters. This could cause problems.



Locale setting on BioHPC

Use the “locale” command to check locale setting: If you see errors like this when running software:
[gisun@cbsumlc2b@10 ~]$ locale AUTEET )
LANG=en_US.UTF-8 Python 3 was configured to US€ ASCII as encoding
LC_CTYPE="C" for the environment. Consult
LC NUMERIC="C" https://click.palletsprojects.com/en/7.x/python3/ for
LC_TIME="C" mitigation steps.

LC_COLLATE="C"
LC_MONETARY="C"

LC MESSAGES="C" You need to change the locale:
LC_PAPER="C"
LC NAME="C" export LC_ALL=en_US.utf-8

LC_ADDRESS="C" export LANG=en_US.utf-8

LC_TELEPHONE="C"
LC_MEASUREMENT="C"
LC_IDENTIFICATION="C"
LC_ALL=C



Some extra parameter to set for the “sort” command

LC_ALL=C sort -S 4G -k1,1 myChr.txt

LC_ALL=C vs LC_ALL=US en -S 4G
AA 23
BB d.d
AA Use RAM as buffer 4G
dd bb

bb BB

* BioHPC default locale is C. So you can skip this
parameter



U nlq -C Count the occurrence of unique tags

S cat mydata.txt S cat mydata.txt | sort | uniq -c

temB
temA 1 ltemA

temB 4

temC
temB 3 ltemC Mark sure to run

“sort” before “uniq”

ltemB

temC
temB
temC




Merging files:

. . cat Filel File2 > mergedfilel
cat nn vs paste nrn vs JOIN frn

ltem1
File 1; ltem?2

ltem3
ltem1 ltem4
ltem?2

paste Filel File2 > mergedfile2

File2: ltem1 Item3
ltem3 ltem?2 ltem4

* Make sure that that two files has same number of
|te m4 rows and sorted the same way. Otherwise, use “join”



join

File 1:

Genel
Gene?2
Gene3
File2:

Gene2

Gene3
Gene4

Merging two files that share a common

field

DNA-binding
kinase

membrane

764
23
34

join -1 1-2 1 Filel File2 > mergedfile

Gene2 Kinase 764
Gene3 membrane 23

join -11-21 -al Filel File2 > mergedfile

Genel DNA-binding
Gene2 Kinase 764
Gene3 membrane 23



S

C
C

Cut Output selected columns in a table

cat mydata.txt

nrl 1000 2250 Genel

nrl 3010 5340 Gene?2

Chrl 7500 8460 Gene3

Chr2 8933 9500 Gene4

S cat mydata.txt | cut -f 1,4

Chrl Genel

Chrl Gene?2
Chrl Gene3
Chr2 Gene4



SEd Modify text in a file

S cat mydata.txt S cat mydata.txt | sed "s/AChr//"
Chrl 1000 2250 Genel 1 1000 2250 Genel
Chrl 3010 5340 Gene2 1 3010 5340 Gene?2
Chrl 7500 8460 Gene3 1 /500 8460 Gene3
Chr2 8933 9500 Gene4 2 8933 9500 Gene4



S

C
C

awk

in Linux

cat mydata.txt

nrl 1000 2250 Genel

nrl 3010 5340 Gene?2

Chrl 7500 8460 Gene3

Chr2 8933 9500 Gene4

Probably the most versatile function

S cat mydata.txt |\
awk '{if (51=="Chr1") print $4}'

Genel
Gene2
Gene3



awk vs cut

Input data file: mydata.txt

Chrl
Chrl
Chrl
Chr2

1000
3010
7500
8933

2250
5340
8460
9500

Genel
Gene2
Gene3
Gene4d

cut -f2,1 mydata.txt

nrl
nrl

nrl
Nr2

O O 0O 0O

1000
3010
7500
8933

Same order as
the input file

awk 'BEGIN{FS="\t"; OFS="\t"} {print $2,51;}"\

mydata.txt

1000
3010
7500
8933

nrl
nrl
nrl
Nr2

O 0O 00

Customized order



A Good Practice:
Create a shell script file for the one liner

cat D7RACXX.fastq | \ \\\
head -n 40000 | \
grep AGATCGGAAGAGC | \
\\\ wc -1 y
Run the shell script
a )

sh checkadapter.sh




Debug a one-liner

4 N

zcat human.gff3.gz | \

- awk 'BEGIN {OFS = "\t"}; {if (53=="gene") print $1,54-1,55}' | \

bedtools coverage -a winlmb.bed -b stdin -counts | \

LC_ALL=C sort -k1,1V -k2,2n > gene.cover.bed

L

zcat human.gff3.gz | head -n 1000 > tmpfile

cat tmpfile| \
awk 'BEGIN {OFS = "\t"}; {if (53=="gene") print $1,54-1,55}' | head -n 100



Many bioinformatics software support STDIN instead of
input file

Run “BWA” without pipe:

bwa mem ref.fa reads.fq > tmp.sam

samtools view -b tmp.sam > out.bam

Create a temporary SAM
file

With pipe:
bwa mem ref.fa reads.fq | samtools view -bS - > out.bam

Use "-" to specify input
from STDIN instead of a file



Using pipe with bed tools:

The bedtools takes in two input files, you need to specify
which file from stdin

...... | bedtools coverage -a FirstFile -b stdin



Using BEDtools to process genomics data files

An example: Count the number of reads in each 1kb sliding window of
the genome

1000 2000 3000 4000
Chrl

A tab-delimited text file:
Chrl 21234023
Chr2 19282343
Chr3 15845499

bedtools makewindows -g genome.txt -w 1000 -s 1000 > win1000.bed

bedtools coverage -abam Sample.bam -b win1000.bed -counts> coverage.bed



When working with text files from Windows (“/r/n”):

dos2unix myfile.sh

When working with text files from Mac:
* Mac files in general are same as Linux files;
* Only exception is text file saved from Excel (“/r”):

mac2unix myfile.txt




Edit text file without using

Software to directly open/edit/save files on a remote Linux server

[ C\Users\qs24AppData\Roaming' Notepad+ +\plugins Canfig\NppFTP\Cache\gisun @cbsulagin.biohpe.comell edut home\gisuntblastgatannotation.new - Notepads+
File Edit Search View Encoding langusge Settings Tools Macro Run Plugine  Window
s s @ ‘ ;g @ x| BE|= =

S annctaionnew £ |

B E BE 8

1 // ** GO Mapping Database Creation **
2 // You may want to download the 4 files manually and tell me where to find them in your filesystem.
3 // Dbacces.assocdbdata=/home/nane/assocdbdata.gz

4 // Dbacces.assocdbdata=file:///home/name/assocdbdata.az

S // This url changes every month, please adapt it accordingly.
 Dbacces.assocdbdata=http://archive.geneontoloov.org/latest-full/go_201603-assocdb-data.gz
Dbacces.geneinfo=ftp://ftp.ncbi.nlm.nih.gov/gene/DATA/gene info.gz
Dbacces.gene2accession=frp://frp.ncbi.nlm.nih.gov/gens/DATA/genelaccession. gz

3  Dbacces.idmapping=ftp://ftp.pir.georgetown.edu/databases/idmapping/idmapping.th.qz

11 // ** DataBccessParamsters **

12 // Name of your own GO database (e.g. b2g_sepl3).

13 DataRhccessParameters.ownDBEName=bZg_marlé

4 // The IP or hostname of your database server ("localhost"™ if installed locally).
DatalccessParameters.ownDBHost=localhost

// The user which has access to the GO database.

1 DatalccessParameters.ownDBUser=blast2go

// The password for your database user.
DataAccessParameters.ownDBPassword=blastéit

21 // ** LoadFastaBlgoParameters **

22 // Select the seguences format.

23 // possible values: nucleotides, proteins, fastg

24 LoadFastaBlgoParameters.fastaFormat=nucleotides

2 // In Blast2G0 sequence names have to be unigue. Decide what you want Blast2GC to do
// in case of double IDs.

2 // possible values: skip, replace, add with new id

27  LoadFastaBlgoParameters.handleDoubleIds=replace

// ** ImportDatRlgoParameters **

// In Blast2G0 sequence names have to be unigue. Decide what you want Blast2GO to do
// in case of double IDs.

// possible values: skip, replace

ImportDathlgoParameters.handleDoubleTds=skip

// ** ImportBlastResultsAlgoParameters *#*

// Bll Blast Hits whose description line contains the provided text will be removed
// from the result list.

ImportBlastResultsAlgoParameters.blastHitDescFilter=

30 // The number of seguence alignments you want to retrieve.

41 // min: 0 max: 500

42 ImportBlastResultsAlgoParameters.numberOfHits=20

43 // Cutoff value for the minimal length of the first HSP of a Blast Hit, used to

44 // exclude Hits with only small local alignments from the Blast result. The given
// length corresponds to amino-acids or nuclectides depending on the type of the
// performed Blast.

// min: 0 max: 5000

ImportBlastResultsilgoParameters.blastMinH5PLength=33

// Define the character used to split the description line of the Blast XML result
// description.

// Please provide only one character. Default is "|".

// (Please see also the "Hit description position™ and "Join Hit ID and Hit Def”
// parameter).

ImportBlastResultsAlgoParameters.blastSeparator=|

// Please provide the position of the description text within the Blast Hit

// definition.

// Please provide a value between 1 and 9. Default is 5.

// (Please see also the "Separator"” and "Join Hit ID and Hit Def" parameter).

/f min: 0 max: 10

ImportBlastResultsAlgoParameters.blastHitDescPos=5

// When reading the Hit definition tag and the Hit description

L R S A e -

o, .27
Vi

[NepFTP - Connected to chstiogin

#la e 4 &=

blast2ge

blast2go
blast_executables
db_temp

keggmaps

plugins

res

annotation.new
annotation.prop
annotation.prop2016
annotation.prop2017
blast2go.log
blast2golog.0
blast2go.og.0.1
blast2ga.og..1.Ick
WA blast2go properties
blast2go.properties.old
cli201512.prop
cli201603.prop
cli201702.prop
cli201802.prop
download.sh

getsh

|| librim1212.50

|_] license_26_9_2016.b2g
|_] license_27_9_2016.b2g

Brndanawe

O . 1

Action  Progress  File

Windows: Notepad++

(https://notepad-plus-plus.org/)

* Install Notepad++

* Click Plugins->Plugin Admins and install NPPFTP

* Inthe NPPFTP, click “Setting”-> “Profile Setting”,
set new profile with connection type “SFTP”.

Mac: BBEdit (free mode)

(https://www.barebones.com/products/bbedit/)

* Open remote file from SFTP Server from the File
menu



https://notepad-plus-plus.org/
https://www.barebones.com/products/bbedit/

Dealing with large number of files

Data storage/transfer

tar or .zip files
) [/workdir
/home/SUSER /SSD
BioHPC File Server Lo.cal drive
(Lustre) (Rald or ZFS)

Avoid large number of file:

* File system is good for large size, bad for large file numbers;
* Very slow data transfer;



Solution: Archive into one single file

tar zZip
* Commonly used in Linux; « Not commonly used in Linux;
* Slow to check content or access single file; « Very fast to check content or access single file;
* Compression rely on other technology; e Built-in compression:;
# archive # archive
tar cf myDataDir.tar myDataDir zip -0 -r myDataDir.zip myDataDir
#unarchive #unarchive
tar xf myDataDir.tar unzip myDataDir.zip
 Use “-z” to compress. E.g. e “-0” suppresses compression, good to use if

tar cfz myDataDir.tar.gz myDataDir the files were already compressed.



Accessing files in archive

tar: very slow zZip: very fast
# list content
# list content less myDataDir.zip
tar --list --file=myDataDir.tar zipinfo myDataDir.zip dataset1/*
#extract a file # extract a file
tar --extract --file=myDataDir.tar fitoa new file

unzip -j myDataDir.zip <path/>myFile
#to stdout

unzip -p myDataDir.zip <path/>myFile

myFile

* Use --to-stdout to stream to stdout



A few suggestions:

* Organize files into subdirectories. Too many files (>~1000) in
a single directory would be difficult to “Is”.

* Too big tar file (>100G) could be difficult to transfer through
network.

 Compression saves storage, but slow to process. Do not
compress compressed files, or over-compression (set
compression level).



Run software on large number of files

Create a task list

Is *fastq.gz | while read file; \
do echo “STAR --runThreadN 4 --genomeDir REFERENCE --readFilesIn S{file}; \
done;

A text file will be created

STAR --runThreadN 4 --genomeDir REFERENCE --readFilesin samplel.fastq.gz
STAR --runThreadN 4 --genomeDir REFERENCE --readFilesIn sample2.fastq.gz
STAR --runThreadN 4 --genomeDir REFERENCE --readFilesIn sample3.fastq.gz

Process the tasks in parallel

export PATH=/programs/parallel/bin:SPATH
parallel --jobs 24 --timeout 1h < tasks
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