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From Raw Sequence to Gene Counts



N a Nutshell

* Input: RNA Sequence Fragments

* Qutput: Gene Counts of Fragments



RNA-Seq
for
Differential Expression Analysis
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FASTQ

« FASTA with Quality

» https://en.wikipedia.org/wiki/FASTQ_format



https://en.wikipedia.org/wiki/FASTQ_format

FASTQ: Filenames

“What’s in a name? that which we call a FASTQ
By any other name would smell as sweet”

— Romeo and Juliet, William Shakespeare



FASTQ: Filenames

Lane
H

LA06 fastq.gz
LA06 fastq.gz
LA06 fastq.gz
LA06 fastq.gz
LOO3 fastq.gz
LOOS5 fastq.gz
LOO3 fastq.gz




FASTQ: Format

- FASTA Format

>NC_007779.1 Escherichia coli str. K-12 substr. W3110, complete genome
AGCTTTTCATTCTGACTGCAACGGGCAATATGTCTCTGTGTGGATTAAAAAAAGAGTGTCTGATAGCAGCTTCTGAACTG
GTTACCTGCCGTGAGTAAATTAAAATTTTATTGACTTAGGTCACTAAATACTTTAACCAATATAGGCATAGCGCACAGAC
AGATAAAAATTACAGAGTACACAACATCCATGAAACGCATTAGCACCACCATTACCACCACCATCACCATTACCACAGGT
AACGGTGCGGGCTGACGCGTACAGGAAACACAGAAAAAAGCCCGCACCTGACAGTGCGGGCTTTTTTTTTCGACCAAAGG
TAACGAGGTAACAACCATGCGAGTGTTGAAGTTCGGCGGTACATCAGTGGCAAATGCAGAACGTTTTCTGCGTGTTGCCG
ATATTCTGGAAAGCAATGCCAGGCAGGGGCAGGTGGCCACCGTCCTCTCTGCCCCCGCCAAAATCACCAACCACCTGGTG
GCGATGATTGAAAAAACCATTAGCGGCCAGGATGCTTTACCCAATATCAGCGATGCCGAACGTATTTTTGCCGAACTTTT
GACGGGACTCGCCGCCGCCCAGCCGGGGTTCCCGCTGGCGCAATTGAAAACTTTCGTCGATCAGGAATTTGCCCAAATAA
AACATGTCCTGCATGGCATTAGTTTGTTGGGGCAGTGCCCGGATAGCATCAACGCTGCGCTGATTTGCCGTGGCGAGAAA

- FASTQ Format

@M00698 : 36 : 000000000-AFBEL :1:1101:16483:1412 1:N:0:0
CTGCCAGTTGAACGACGGCGAGCAGTTATAAGCCAGCAGTTTGCCCGGATATTTCGCGTGGATAGCTTGTGCAAAGCGACGCGCCAGTTCCAGATCCGGCG
+

AAABBFFFFFFFGGGGGGGGGGGGHHHHHHHHGHGHGHHHHHGHHHGGGGGHHHHGGGGGGGHHHGHHF FHHHHHGHGGGGGGGGGGHHHHHHHHHHHGGG



FASTQ: Format

- FASTA Format

>NC_007779.1 Escherichia coli str. K-12 substr. W3110, complete genome
AGCTTTTCATTCTGACTGCAACGGGCAATATGTCTCTGTGTGGATTAAAAAAAGAGTGTCTGATAGCAGCTTCTGAACTG
GTTACCTGCCGTGAGTAAATTAAAATTTTATTGACTTAGGTCACTAAATACTTTAACCAATATAGGCATAGCGCACAGAC
AGATAAAAATTACAGAGTACACAACATCCATGAAACGCATTAGCACCACCATTACCACCACCATCACCATTACCACAGGT
AACGGTGCGGGCTGACGCGTACAGGAAACACAGAAAAAAGCCCGCACCTGACAGTGCGGGCTTTTTTTTTCGACCAAAGG
TAACGAGGTAACAACCATGCGAGTGTTGAAGTTCGGCGGTACATCAGTGGCAAATGCAGAACGTTTTCTGCGTGTTGCCG
ATATTCTGGAAAGCAATGCCAGGCAGGGGCAGGTGGCCACCGTCCTCTCTGCCCCCGCCAAAATCACCAACCACCTGGTG
GCGATGATTGAAAAAACCATTAGCGGCCAGGATGCTTTACCCAATATCAGCGATGCCGAACGTATTTTTGCCGAACTTTT
GACGGGACTCGCCGCCGCCCAGCCGGGGTTCCCGCTGGCGCAATTGAAAACTTTCGTCGATCAGGAATTTGCCCAAATAA
AACATGTCCTGCATGGCATTAGTTTGTTGGGGCAGTGCCCGGATAGCATCAACGCTGCGCTGATTTGCCGTGGCGAGAAA

- FASTQ Format

@M00698 : 36 :000000000-AFBEL :1:1101:16483:1412 1:N:0:0
CTGCCAGTTGAACGACGGCGAGCAGTTATAAGCCAGCAGTTTGCCCGGATATTTCGCGTGGATAGCTTGTGCAAAGCGACGCGCCAGTTCCAGATCCGGCG
+

AAABBFFFFFFFGGGGGGGGGGGGHHHHHHHHGHGHGHHHHHGHHHGGGGGHHHHGGGGGGGHHHGHHF FHHHHHGHGGGGGGGGGGHHHHHHHHHHHGGG



FASTQ: Format

- FASTA Format

>NC_007779.1 Escherichia coli str. K-12 substr. W3110 complete genome
FAGCTTTTCATTCTGACTGCAACGGGCAATATGTCTCTGTGTGGAT TAAAAAAAGAGTGTCTGATAGCAG TTCTGAACTGj
5GTTACCTGCCGTGAGTAAATTAAAA|||IAIIGACI|AGGTCACTAAATACTTTAACCAATATAGGCATAGCGCACAGAC
! AGATAAAAATTACAGAGTACACAACATCCATGAAACGCATTAGCACCACCATTACCACCACCATCACCATTACCACAGGT |
¥ AACGGTGCGGGCTGACGCGTACAGGAAACACAGAAAAAAGCCCGCACCTGACAGTGCGGGCTTTTTTTTTCGACCAAAGG §
¢ TAACGAGGTAACAACCATGCGAGTGTTGAAGTTCGGCGGTACATCAGTGGCAAATGCAGAACGTTTTCTGCGTGTTGCCG §
' ATATTCTGGAAAGCAATGCCAGGCAGGGGCAGGTGGCCACCGTCCTCTCTGCCCCCGCCAAAATCACCAACCACCTGGTG §
! GCGATGATTGAAAAAACCATTAGCGGCCAGGATGCTTTACCCAATATCAGCGATGCCGAACGTATTTTTGCCGAACTTTT!
¥ GACGGGACTCGCCGCCGCCCAGCCGGGGTTCCCGCTGGCGCAATTGAAAACTTTCGTCGATCAGGAATTTGCCCAAATAA!
AACATGTCCTGCATGGCATTAGTTTGTTGGGGCAGTGCCCGGATAGCATCAACGCTGCGCTGATTTGCCGTGGCGAGAAA £

. FASTQ Format

@MOAGIR : 36 : A0VAVAAAD-AFREL :1:1101:16483:1412 1:N:0:0

+

iﬁTGCCAGTTGAACGACGGCGAGCAGTTATAAGCCAGCAGTTTGCCCGGATATTTCGCGTGGATAGCTTGTGCAAAGCGACGCGCCAGTTCCAGATCCGGCG1f

Sequence

AAABBFFFFFFFGGGGGGGGGGGGHHHHHHHHGHGHGHHHHHGHHHGGGGGHHHHGGGGGGGHHHGHHF FHHHHHGHGGGGGGGGGGHHHHHHHHHHHGGG



FASTQ: Format

- FASTA Format

>NC_007779.1 Escherichia coli str. K-12 substr. W3110, complete genome

AGCTTTTCATTCTGACTGCAACGGGCAATATGTCTCTGTGTGGATTAAAAAAAGAGTGTCTGATAGCAGCTTCTGAACTG
GTTACCTGCCGTGAGTAAATTAAAATTTTATTGACTTAGGTCACTAAATACTTTAACCAATATAGGCATAGCGCACAGAC
AGATAAAAATTACAGAGTACACAACATCCATGAAACGCATTAGCACCACCATTACCACCACCATCACCATTACCACAGGT
AACGGTGCGGGCTGACGCGTACAGGAAACACAGAAAAAAGCCCGCACCTGACAGTGCGGGCTTTTTTTTTCGACCAAAGG
TAACGAGGTAACAACCATGCGAGTGTTGAAGTTCGGCGGTACATCAGTGGCAAATGCAGAACGTTTTCTGCGTGTTGCCG
ATATTCTGGAAAGCAATGCCAGGCAGGGGCAGGTGGCCACCGTCCTCTCTGCCCCCGCCAAAATCACCAACCACCTGGTG
GCGATGATTGAAAAAACCATTAGCGGCCAGGATGCTTTACCCAATATCAGCGATGCCGAACGTATTTTTGCCGAACTTTT
GACGGGACTCGCCGCCGCCCAGCCGGGGTTCCCGCTGGCGCAATTGAAAACTTTCGTCGATCAGGAATTTGCCCAAATAA
AACATGTCCTGCATGGCATTAGTTTGTTGGGGCAGTGCCCGGATAGCATCAACGCTGCGCTGATTTGCCGTGGCGAGAAA

- FASTQ Format

@M00698 : 36 : 000000000-AFBEL :1:1101:16483:1412 1:N:0:0

CTGCCAGTTGAACGACGGCGAGCAGTTATAAGCCAGCAGTTTGCCCGGATATTTCGCGTGGATAGCTTGTGCAAAGCGACGCGCCAGTTCCAGATCCGGCG
| AAABBFFFFFFF6GGGGGGGGGGGHHHHHHHHGHGHGHHHHHGHHHGGGGGHHHHGGGGGGGHHHGHHF FHHHHHGHGGGGGGGGGGHHHHHHHHHHHGGG §

Quality
Score



FASTQ: Format

- FASTA Format

@_@@7779.1 Escherichia coli str. K-12 substr. W3110, complete genome

GCTTTTCATTCTGACTGCAACGGGCAATATGTCTCTGTGTGGATTAAAAAAAGAGTGTCTGATAGCAGCTTCTGAACTG
GTTACCTGCCGTGAGTAAATTAAAATTTTATTGACTTAGGTCACTAAATACTTTAACCAATATAGGCATAGCGCACAGAC
AGATAAAAATTACAGAGTACACAACATCCATGAAACGCATTAGCACCACCATTACCACCACCATCACCATTACCACAGGT
AACGGTGCGGGCTGACGCGTACAGGAAACACAGAAAAAAGCCCGCACCTGACAGTGCGGGCTTTTTTTTTCGACCAAAGG
TAACGAGGTAACAACCATGCGAGTGTTGAAGTTCGGCGGTACATCAGTGGCAAATGCAGAACGTTTTCTGCGTGTTGCCG
ATATTCTGGAAAGCAATGCCAGGCAGGGGCAGGTGGCCACCGTCCTCTCTGCCCCCGCCAAAATCACCAACCACCTGGTG
GCGATGATTGAAAAAACCATTAGCGGCCAGGATGCTTTACCCAATATCAGCGATGCCGAACGTATTTTTGCCGAACTTTT
GACGGGACTCGCCGCCGCCCAGCCGGGGTTCCCGCTGGCGCAATTGAAAACTTTCGTCGATCAGGAATTTGCCCAAATAA
AACATGTCCTGCATGGCATTAGTTTGTTGGGGCAGTGCCCGGATAGCATCAACGCTGCGCTGATTTGCCGTGGCGAGAAA

- FASTQ Format
0698 : 36 : 000000000-AFBEL :1:1101:16483:1412 1:N:0:0
CTGCCAGTTGAACGACGGCGAGCAGTTATAAGCCAGCAGTTTGCCCGGATATTTCGCGTGGATAGCTTGTGCAAAGCGACGCGCCAGTTCCAGATCCGGCG

QABBF FFFFFFGGGGGGGGGGGGHHHHHHHHGHGHGHHHHHGHHHGGGGGHHHHGGGGGGGHHHGHHF FHHHHHGHGGGGGGGGGGHHHHHHHHHHHGGG



CVMYYoIo . 50 . YoUvuvvvv-ArbeEL . L. 11¥1.10465.191lc L. N.VY.Y
CTGCCAGTTGAACGACGGCGAGCAGTTATAAGCCAGCAGTTTGCCCGGATATTTCGCGTGGATAGCTTGTGCAAAGCGACGCGCCAGTTCCAGATCCGGCG
+

AAABBFFFFFFFGGGGGGGGGGGGHHHHHHHHGHGHGHHHHHGHHHGGGGGHHHHGGGGGGGHHHGHHF FHHHHHGHGGGGGGGGGGHHHHHHHHHHHGGG
@M00698 : 36:000000000-AFBEL:1:1101:15928:1413 1:N:0:0
GTAAAGTCCTGAGTGATACCGGCAACTTTTACCCCCAGTCCCACTTTCGAACCGGCAAACATATCGGCAAAAGAGGCCGTGCCTGATTTAAAGCCGTAGGT
+

1>AAAFFFFFFFGGGGGGGGCEGGGHHHHHFHHHHGGGHHHHHHHHGHFAQF EGGGGGHGGHHHHEECEEHFEFH/E/E/>EGGHBHHHDGHHHHC<?E/1

Y CTgCGGGTGRCGATTGTC
HHGGGGGG<C GHGHEH

CCACTAACAAACTAGCCTGATTAAGTTTTAACGCTTCAACCCCAGGCAGGGCTTCCACGCGATCTCTTTTGGGTTTGACCTCTCTTGATCCCCGTCCTAAG
+
AABABFFFFFFCGGGGGGGGGGFHHGFHHGFHGGGGGHHHHGGGGFHGGF GGHHHCFGF FEFCGHHFHHHHGGAF GGF FFFHHHHHHHHHHHGEEGGGHHB
@M00698 : 36:000000000-AFBEL:1:1101:16045:1413 1:N:0:0
GTAGCATTATCAGAGAGTTGCCATTCACGCATTGGCTTAACCGCGCGCAGACCATCAACAGTCACTTTGGCGTCAAAGACATTAGGCGTGCAGTATTTTTT
+
?ABCCFFFFFFFGGGGGGGGGGHHHHHHHHGGGHHHHHHHHHGGGGGGGGGHHHHHHHHHHHHHHHHHHHA GG GG GHHHHHHHHHHHGGGGHHGHHHHHHG
@M00698 : 36:000000000-AFBEL:1:1101:17191:1414 1:N:0:0
TCGGCACCAATATAGGTAACGCATGGTTCACCGTCTTCAGCTACGGCGGCGATTTTGGTCAGGATCGGTGCTACCAATTCATAGGCTTCTTTCTGGCCAC
+
ABAABBBBFBFFGGGGGGGGGGGGGHHHHHHHGHGHGHHHHHHHGGGGGGGGGHGHGGHHHHHHHHGGGGGHHHHHHHHHHHFHGHHHHHHHHHHB FHHG
@M00698 : 36:000000000-AFBEL:1:1101:16186:1414 1:N:0:0
TCAGGGTCGTCCGTGGAGCAAACATAGCCCTGAGGCTTATTGAGCATGAAGTAACGTGGACCGTGTTGCTGCGCCAGCGGGTTGCCATCGTAAGCGACAT
+
BCCCCFFFCCCCGGGGGGGGGGHHHHGHHHHHHHGGHHHHHHHHHHHHHHHHHHHGHHGGHHGGHHHHHHHHGGGGGGGGGGGGHHHHHGHHHFHGGGGG
@M00698 : 36:000000000-AFBEL:1:1101:15394:1415 1:N:0:0
ACTTCTTGAAGGTACGTTGCAGGCTGGCACTTCTGCCGTTTCTGATAAGTTGCTTGATTTGGTTGGACTTGGTGGCAAGTCTGCCGCTGATAAAGGAAAGG
+
@BBCCFFFFFFFGGGGGGGGGGGGHHDGHHHHHHHHHGE GHGHHHGHHHHHHHHHH EHHHHHHH G GHHHHHHHE G GHHGHHHHHH GG GG FHHHHHHHHHHH
@M00698 : 36:000000000-AFBEL:1:1101:14326:1417 1:N:0:0
TGGCGCAACTAACAGAACGTCTTGCGTTTTGTTGGCGAAGCCGCTGGTGTTTGTAAATTTATTAGTGATCGGCGTAGCGTTACGGGTTTCACCGTAGTTCG
+

ABCCCCCCCFFFGGGGGGGGGGGHHGGGGGHHHHHHGGGGGHGGGGGFGF FHHHHHHHGHHHHHHHHHGHGGGGGF FAE>EGGGGGE GGHHHHGGHGGHHG
@M00698 : 36:000000000-AFBEL:1:1101:15479:1417 1:N:0:0
GCCCCCCTCACTCTGACTTTAGTGTGCGCCTTTTGCCTGCGCCACGATCTCCTCGACATTTTCCGGCATTGGTTCATACGGCGTTTCTTTCGCCGTTGG

+
@BCCCCCCCFCFGGGGGGAGGGGGHHHHGGGGGHHHHHHHHGGGGGGGHHHHHHHGGGGGHHHHHGGGGGHHHHHHHHHHHGGGGGGHHHHHGGGGGGGH
@M00698 : 36:000000000-AFBEL:1:1101:16850:1418 1:N:0:0
CGTTTTCTTCATCGCGCTCTTTGCTGCCTAACAGCGTGCGCCAGCCTGCTTCAGCAAGAAAACGCGCTTTAGCGACAAATTTGCCTTTGGCAATGTCCAGT
+
AAACCCFFFFFFGGGGGGGGGGGHHHHHHHHHHHHGGGGGGGGGGGHHHHHHHHHHHHHHHHHGGGGGGGHGHGGGGGFHHHHHHHHGHHHHHHHHHHHHG
@M00698 : 36:000000000-AFBEL:1:1101:16255:1418 1:N:0:0
CCGGCTTGCTGGTTGCAGCCGTTGCTGTACTTGATGTCAGGCGTGCCGGTGCCGTATTTTCAAACGGTGATGCCGGACGCGACTCTACGGGTTTGACATCG
+

AAABCCCCCFFFGGGGGGGGGGGGGHHHHHHHHHHHHHHHHHGGGGHGGGGGHGF GHHHHHHHHHGGGHGHHHHGGGGGGGGGGGHHHGGGCGGGHHHHH?
@M00698 : 36:000000000-AFBEL:1:1101:17071:1419 1:N:0:0
CACGCCACCTTTATCCAGTTTGCGGCTTTGCGAAGTGGCGAGCCACAGCGCGTTTTCTTGCTGGCTATAAGCCATTTCGTAGGCACCTTTACCTACCGCTT
+

AABBBBBBFFFFGGGGGGGGGGHGGGGGHHHGGGGFHHGGGGGGHHHHHGGGF GGGHHHHHHHHGHHHHHHHHHHHHHHHHGGHGHGHHHFHHHHHHGGGG
@M00698 : 36:000000000-AFBEL:1:1101:15606:1420 1:N:0:0
CGGGTTTTTAACTTTCAGCCACGGGCCACCGTCGATCAGTTCACCGCCAAACTCTTCACGCGCCAGCTGGTAGCCCCAGTCTTTAAACGCTCCTTCGGTGA
+
BBCDBBCCDCFFGGGGGGGGGGGGGGGGGHGGGGGGHGHHHHHHHGGGGGHHHHHHHHHHHGGGGGGHHHHHHHHHGGGHHHHHHHHHGGGGGHHHHGF GG
@M00698 : 36:000000000-AFBEL:1:1101:15945:1421 1:N:0:0
TCATTGTTGCGCGGTATTCGCGCCCGTTGGTCGAGTAGCAGAAGGGGATTTTAAACCGTTGTTTGCCGCTGGTGTCCTGCCAGCTGGTTTCATACTCTGG
+
?ABABFFFFBBBFGEEGGGGGGGGGGGHGHCHGCGGGHGHHHHHHGGGGHGHHHHGHGE GDGHHHHHGGG? EB2GGHGHHHGHGHHHHGHHFHHHHHGGH
@M00698 : 36:000000000-AFBEL:1:1101:16329:1421 1:N:0:0
GCCCCGACAGCTGTATGCATAGCGATAAATTCCAGCAGGCCGGGACGCCGGTCTATTTTGCCCCAGAGTGTCAATGTTAGACTTGACGGACATTGTGCAG
+
3ABCCCCCCCCFGGGGGGGGGGHGGHGGHHHHHHHHHHHGGGGGGGGGGGGGGGHHHHHHHHHGGGHHHHHHHGHHHHHHHHHHHHHGGGGGHHHHHHHH

AR AR AN MM A AFEMEl A A AR APy A A a2 Al

rmat



FASTQ: Read Files

Combined R1.fastg.gz
@M00698 : 36 :000000000-AFBEL :1:1101:14738:1412 1:N:0:0

TTACGCTAACAGGCGGTAGCCTGGCAGGGTCAGGAAATCAATTAACTCATCGGAAGTGGTGATCTGTTCCATCAAGCGTGCGGCATCGTCAAAACGCCC

+

ABBBABBBAF FF GGGGGGGGGGHGGHGGGCG2GF 3FF GHHHHHHGGF GHEHHGGGEHHHHAGGHHGHHHF FDHFHHHGE GGGG@F@H? GHH/ GBEF GGG
@MO0698 : 36: 000000000~ AFBEL : 1:1101:16483:1412 1:N:0:0
CTGCCAGTTGAACGACGGCGAGCAGTTATAAGCCAGCAGTTTGCCCGGATATTTCGCGTGGATAGCTTGTGCAAAGCGACGCGCCAGTTCCAGATCCGGCG
+

AAABBFFFFFFFGGGGGGGGGGGGHHHHHHHHGHGHGHHHHHGHHHGGGGGHHHHGGGGGGGHHHGHHF FHHHHHGHGGGGGGGGGGHHHHHHHHHHHGGG

Combined R2.fastq.gz
@M00698 : 36: 000000000-AFBEL :1:1101:14738:1412 2:N:0:0

GGAAGATGCGGCGACGGCTGAAATTTCCCGTACCTCGATCTGGCAGTGGATCCATCATCAAAAAACGTTGAGCAATGGCAAACCGGTGACCAAAGCCTTGT
+
ABBABFFFFDBDGCG??FFGGGHGHFEG3EAEGGFHAE3GFBGGHGGGHHCFGHFGBGHFHHDFEGGHFHEFHHHH3BFGFOGFEGGGGGHHA/FGHFHHH
@M00698:36:000000000-AFBEL : 1:1101:16483:1412 2:N:0:0
GCTTCTTCCGTACTCATGCGGGCATTGAGCAAGCGATCAGCCGTGGCCTGGCGTATGCGCCATATGCTGACCTGGTCTGGTGTGAAACCTCCACGCCGGAT
+
CCCCCFFFFBFFGGGGGGGGCECGHHHHHHHHHHGGHGGGGHGGCGCHHGFHGGGGHHGGGGGHHHHHHGHHHHHHHHHHHHHEHGHHHGHHHHGGGGGGG

Combined I1.fastq.gz
@M00698 : 36: 000000000 -AFBEL :1:1101:14738:1412 1:N:0:0

AGTTCC

+

CCCCDF

@M00698:36:000000000-AFBEL :1:1101:16483:1412 1:N:0:0
CCTGTC

+

All>>1
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Pre-processing

1. Demultiplex®
2. Quality Control
3. Trimming (adapter and quality)

4. Filtering**

* Often done at sequencing facility

** Must keep reads in sync
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he needs 1t to sleep somewhere. --Needs! Mr Bloom ejaculated, professing not the least surprise at
ng on nights, it's us; we're going to set you free." Jim only had time to grab us by the hand and s
of this agreement. See paragraph 1.C below. There are a lot of things you can do with Project Guten
with his head!"' 'How dreadfully savage!' exclaimed Alice. 'And ever since that,' the Hatter went

g, that chateau of Monsieur the Marquis, with a large stone courtyard before it, and two stone sweep
he nursery. And he was indeed crying. She heard him and hastened. But the faster she went, the loude
h to intensify the influence of her gaze. "Yes, they draw away all the sap and give a false appeara
him. I could not look at him without feeling sorry for him. We both know him. He’s good-hearted,
ed, under various disguises of Art, through the portraits of every Drinking Age. "You are a little
eupon Punch Costello dinged with his fist upon the board and would sing a bawdy catch _Staboo Stabel
him to act in anything without her quiet aid), and the day passed quickly. Early in the evening he e
ed. 'Give your evidence,' said the King; 'and don't be nervous, or I'll have you executed on the sp
harge a fee for access to, viewing, displaying, performing, copying or distributing any Project Gute
ef secretary. She knew that he usually went out quickly to his office, and she wanted to see him bef
onsiderable. Then he said he must start in and "'terpret" it, because it was sent for a warning. ?
i1des her body's flaws calling under her brown shawl from an archway where dogs have mired. Her fancy
recatory manner, "the anguish of his daughter, which must be a dreadful anguish to him!" "I have ob
uld be like, but it puzzled her too much, so she went on: 'But why did they live at the bottom of a
Indivisible. Liberty, Equality, Fraternity, or Death! Who could that be with Mr. Lorry--the owner
ns in general, and I believe that’s just why philanthropic institutions always give such poor resu
here were no proper cupboards for their clothes; what cupboards there were either would not close at
he detected all around him, walked from one to another. The first was the best room, and in it were
t. ALl her arrangements had to be modified because they could not be carried out, and they were modi
er hand shook more violently, but she did not take her eyes off him, watching how he would take 1it.
s." It was done. "Well?" "Monseigneur, it 1s nothing. The trees and the night are all that are he
spectacles offered by our streets, hideous publicity posters, religious ministers of all denominatio
sore, but I couldn't see no way out of the trouble. After all this long journey, and after all we
she got to pumping me about England, and blest if I didn't think the ice was getting mighty thin so
the morning all sound and right. So she had to be satisfied. But she said she'd set up for him
prison--seemed to strike across the earth, messieurs, to where the sky rests upon it!" The hungry m
oys running, playing at horses. Seryozha! And I’m losing everything and not getting him back. Yes,
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(2) Genome alignment

Reads spanning a single exon are mapped
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(3) Spliced alignment

(3-1) Segmentalignment to genome

(3-2) Identification of splice sites

(including indels and fusion break points)

(3-3) Segments aligned to junction
flanking sequences

(3-4) Segment alignments stitched
togetherto form whole read alignments

(3-5) Re-alignment of reads minimally
overlapping introns

Readsare split
into segments
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Multi-exon spanning reads
are unmapped

| | ¢ Unmapped segment

—

B Rezd
|:| Exonsfrom annotated transcripts

. Unznnotated exons|noval transcripts)

B Intron orintergenic region

v

Read are aligned against transcriptome.

Transcriptome index

Reads are aligned against genome.

Genome index

|
b4
Reads are split into smaller segments
which are then aligned to the genome.

Genome index |
v

Segment mappings are used to find potential splice sites
usually when the distance betweenthe mapped positions
of the left and the right segments are longer than the
length of the middle part of a read.

|
v

Sequences flanking a splice site are concatenated
and segments are aligned to them.

| S

Junction flanking index

|
b

Mapped segments against either genome or flanking
sequences are gathered to produce whole read alignments.

|
v

Genome mapped reads with alignments extendinga few
basesinto introns are re-aligned to exonsinstead.
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