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WASHINGTON

Genomeflences



HW4 Questions???



Overview

1. Write a program to find the highest weight
path on a WDAG

2. Convert (by hand!) the example WDAG
provided, run your program on that.

3. Write another programtoreadina
genome and scoring scheme, generate a
linked list (simple WDAG, edges =
nucleotides)

4. Run your program from Step 1 on the
linked list



Formatting WDAGS

V (vhame1)
V (vhame?2)
V (vhame3)

E (enamel) (vhame1) (vhame?2) (ec
E (ename?2) (vname?2) (vhameb5) (ec

E (ename3) (vhame3) (vhameb) (ec

geweight)
geweight)
geweight)



Vi

vii



What is the highest
weight path if the ends

are constrained to (vii)
and (i)?

What is the highest
weight path if the ends
are unconstrained?




How should you
structure your data in
your program??

What would be useful?
An easy way to go from
child to parent? Parent
to child? From node to
Incoming edges”?
Outgoing edges?




Linked List from DNA

Sequence: AGCT

Scoring File: What will the
A=-1.49 corresponding WDAG
T=-1.49 file look like?
C=0.74

G=0.74




Raw Data (I[llumina)

https://zhuanlan.zhihu.com/p/20702684



https://zhuanlan.zhihu.com/p/20702684
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File Formats: Bcl

BCL Files are base call and quality score binary files containing a (base,quality) pair for successive clusters.

The file is structured as followed:

Bytes 1-4 : unsigned int numClusters

Bytes 5-numClusters + 5 : 1 byte base/quality score

<p/>

The base/quality scores are organized as follows (with one exception, SEE BELOW):

The right 2 most bits (these are the LEAST significant bits) indicate the base, where . .
A=00(0x00), C=01(0x01), G=10(0x02), and T=11(0x03) I te ed ate f le
htermedi |

The remaining bytes compose the quality score which is an unsigned int. o
format. Basically
EXCEPTION: If a byte is entirely @ (e.g. byteRead == @) then it is a no call, the base

becomes '.'

pece ." and the Quality becomes 2, the default illumina masking value a lways ju St go St ra ight

(E.g. if we get a value in binary of 10001011 it gets transformed as follows:

to fastgs.

Value read: 10001011(@x8B)

<p/>

Quality Base
<p/>

lo0010 11
00100010 0x03
0x22 T

34 T
<p/>

So the output base/quality will be a (T/34)



File Formats: Fasta

>MCHU - Calmodulin - Human, rabbit, bovine, rat, and chicken
MADQLTEEQIAEFKEAFSLFDKDGDGTITTKELGTVMRSLGQNPTEAELQDMINEVDADGNGTID
FPEFLTMMARKMKDTDSEEEIREAFRVFDKDGNGYISAAELRHVMTNLGEKLTDEEVDEMIREA
DIDGDGQVNYEEFVQMMTAKx

;LCBO - Prolactin precursor - Bovine

; a sample sequence in FASTA format
MDSKGSSQKGSRLLLLLVVSNLLLCQGVVSTPVCPNGPGNCQVSLRDLFDRAVMVSHYIHDLSS
EMFNEFDKRYAQGKGFITMALNSCHTSSLPTPEDKEQAQQTHHEVLMSLILGLLRSWNDPLYHL
VTEVRGMKGAPDAILSRAIETEEENKRLLEGMEMIFGQVIPGAKETEPYPVWSGLPSLQTKDED
ARYSAFYNLLHCLRRDSSKIDTYLKLLNCRIIYNNNCx*

>MCHU - Calmodulin - Human, rabbit, bovine, rat, and chicken
MADQLTEEQIAEFKEAFSLFDKDGDGTITTKELGTVMRSLGQNPTEAELQDMINEVDADGNGTID
FPEFLTMMARKMKDTDSEEEIREAFRVFDKDGNGYISAAELRHVMTNLGEKLTDEEVDEMIREA
DIDGDGQVNYEEFVQMMTAKx*

>g1|5524211|gb|AAD44166.1| cytochrome b [Elephas maximus maximus]
LCLYTHIGRNIYYGSYLYSETWNTGIMLLLITMATAFMGYVLPWGQMSFWGATVITNLFSAIPYIGTNLV
EWIWGGFSVDKATLNRFFAFHFILPFTMVALAGVHLTFLHETGSNNPLGLTSDSDKIPFHPYYTIKDFLG
LLILILLLLLLALLSPDMLGDPDNHMPADPLNTPLHIKPEWYFLFAYAILRSVPNKLGGVLALFLSIVIL
GLMPFLHTSKHRSMMLRPLSQALFWTLTMDLLTLTWIGSQPVEYPYTIIGQMASILYFSIILAFLPIAGX
IENY



File Formats: Fastg

@SEQ_ID
GATTTGGGGTTCAAAGCAGTATCGATCAAATAGTAAATCCATTTGTTCAACTCACAGTTT
+

Uk ((( (kokok4) ) %%%++ ) (%%%% ) « Tkkk—+%" ") ) %kk55CCF>>>>>>CCCCCCCBS

1" #$%&" () x+,—-./0123456789: ; <=>?@ABCDEFGHIJKLMNOPQRSTUVWXYZ[\]~_"abcdefghijklmnopqrstuvwxyz{ |}~

40

0x21 (!) -> lowest quality
Ox7e(~) -> highest quality

30

20

10

Q =-log _10(p) -

p = prob(wrong base call) e e e



File Formats: Fastg

@SEQ_ID

GATTTGGGGTTCAAAGCAGTATCGATCAAATAGTAAATCCATTTGTTCAACTCACAGTTT
-+

DU ((( (kokok+) ) %%%++ ) (%%%%) . 1kkk—+k' ') ) kk55CCF>>>>>>CCCCCCCBS

1" #$%8&" () x+,—-./0123456789: ; <=>?@ABCDEFGHIJKLMNOPQRSTUVWXYZ [\]1~_"abcdefghijklmnopgrstuvwxyz{|}~



File Formats: Fastg

@SEQ_ID
GATTTGGGGTTCAAAGCAGTATCGATCAAATAGTAAATCCATTTGTTCAACTCACAGTTT
+

DU s ((( (kokok+) ) %2%%++ ) (%%%%) . 1kkk—+k"' ') ) kk55CCF>>>>>>CCCCCCCBS

Q=10*-log_10(p)
p = prob(wrong base call)

40

30

20

10

0-> 0x21(!) ->lowest quality
93 -> 0x7e(~) -> highest quality

0

(max usually around 60) o o ) y

0.8




File Formats: Fastg

$ fastq-dump -X 2 SRR001666 —-split-3
Read 2 spots for SRR0O01666

Written 2 spots for SRR001666

$ head SRRO01666_1.fastq SRROA1666_2.
==> SRR001666_1.fastq <==
@SRR0O01666.1 071112_SLXA-EAS1_s_7:5:1:
GGGTGATGGCCGCTGCCGATGGCGTCAAATCCCACC
+SRR001666.1 071112_SLXA-EAS1_s_7:5:1:
IITITITITITIITIITITIIIIIIITIIIIITIONGIIC
@SRR0O01666.2 071112_SLXA-EAS1_s_7:5:1:
GTTCAGGGATACGACGTTTGTATTTTAAGAATCTGA
+SRR001666.2 071112_SLXA-EAS1_s_7:5:1:
IITITITITIIIITIITITIIIIIIIIIIIIINGIBI

==> SRR001666_2.fastq <==
@SRR001666.1 071112_SLXA-EAS1_s_7:5:1:
AAGTTACCCTTAACAACTTAAGGGTTTTCAAATAGA
+SRR001666.1 071112_SLXA-EAS1_s_7:5:1:
IITITITITITIITIITITTIDIIIIIIISIINIIIL/
@SRR001666.2 071112_SLXA-EAS1_s_7:5:1:
AGCAGAAGTCGATGATAATACGCGTCGTTTTATCAT
+SRR001666.2 071112_SLXA-EAS1_s_7:5:1:
IIIIIIIITIIIIIIIIIIIIIGII>IIIII-I)S8I

fastq

817:

817:

801:

801:

817:

817:

801:

801:

345

345

338

338

345

345

338

338

length=36
length=36
length=36

length=36

length=36
length=36
length=36

length=36

@EAS139:136:FC706V]:2:2104:15343:197393 1:Y:18:ATCACG

EAS139 the unique instrument name
136 the run id
FC706VJ the flowcell id
2 flowcell lane
2104  tile number within the flowcell lane
15343  'x'-coordinate of the cluster within the tile
197393 'y'-coordinate of the cluster within the tile
1 the member of a pair, 1 or 2 (paired-end or mate-pair reads only)
Y Y if the read is filtered (did not pass), N otherwise
18 0 when none of the control bits are on, otherwise it is an even number

ATCACG index sequence

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



File Formats: SAM

HWI-ST865:416:C6CGOACXX:1:1313:9073:43827 0 1 2 1 99M = @ 0
CCTAAGCCTAAGCCTAAGCCTAAGCCTAAGCCTAAGCCTAAGCCTAAGCCTAAGCCTAAGCCTAAGCCTAA
GCCTAAGCCTAAGCCTAAGCCTAAGCCT
@C@DFDEFFHDFFIIJIGIIGIGGIIIIJGHGIJJEEIAHHGGIGFH@HGCFGGGIIJIIGDAFG@DGIHHH
HHFFBB@CACEC6E ; 2CDD?CDCAD>>AA AS:i:0 XS:1:0 XN:i:0 XM:1:0 X0:i:0 XG:i:0
NM:i:0 MD:Z:99 YT:Z:UU

HWI-ST865:416:C6CGOACXX:1:1215:16359:6484 16 1 9 1 85M x 0 @
CTAAGCCTAAGCCTAAGCCTAAGCCTAAGCCTAAGCCTAAGCCTAAGCCTAAGCCTAAGCCTAAGCCTAAG
CCTAAGCCTAAGCC
EEEEFFFFDAGHHHIJJIIJJIJJIJIJIJIIJIIIIGIIIIIIIII1IIIIIIIIITIIIIITIIGIIITIIIIT
JHFHHHFFFFFCCB AS:1:@ XS:i:@0 XN:i:0 XM:1:0 X0:i:0 XG:1:0 NM:i:0 MD:Z:85
YT:Z:UU

HWI-ST865:416:C6CGOACXX:1:1113:14118:89232 16 I 15 1 100M * @ 0
CTAAGCCTAAGCCTAAGCCTAAGCCTAAGCCTAAGCCTAAGCCTAAGCCTAAGCCTAAGCCTAAGCCTAAG
CCTAAGCCTAAGCCTAAGCCTAAGCCTAA CAC@A>C@AADCACQACEEC@@BD?

E; @CEHGCEIGIHAFHGGF ; FCHBHFBHIGIIIJJJJJJJJJJJJJJJIIJIIIT1IITIIITHHHHHFFFF
FCCC AS:1:0 XS:i:0 XN:i:0 XM:i:0 X0:i:0 XG:1:0 NM:i:@ MD:Z:100 YT:Z:UU
HWI-ST865:412:C6CLLACXX:1:2315:12173:84819 16 I 49 1 70M * @ 0@
GCCTAAGCCTAAGCCTAAGCCTAAGCCTAAGCCTAAGCCTAAGCCTAAGCCTAAGCCTAAGCCTAAGCCT
@7)3CC=)CA; EBC>DAEDBDCDDDCDD@B?<DEDE399CBC<+>EAE<BDCEAE 3DADDD<ABDD; 1?7
AS:i:0 XS:1:0 XN:1i:0 XM:1:0 X0:1:0 XG:1:0 NM:1:0 MD:Z:70 YT:Z:UU HWI-
ST865:412:C6CLLACXX:1:1201:19323:33842 16 I 71 © 100M * @ 0
AAGCCTAAGCCTAAGCCTAAGCCTAAGCCAAATCCCAAGCCTAAGCCTAAGCCTAAGCCTAAGCCAGAGCC
TAAGCCTAAGCCTTAGCCTAAGCCTGATC DDDCCDCCACCCDCCCC>CAA@D@;BDHA3A7(@5/
ITHFIIGEIIIIHEIIIIIGGIGIIIIIFDCIIIIIIIIGGIIGIHFFEIHDDBHFFDDDB@REE
AS:i:-33 XS:i:-33 XN:i:@ XM:1:8 X0:i:0 XG:1:0 NM:i:8
MD:Z:29T2G2T29TOAT7ATT1A1GT YT:Z:UU
HWI-ST865:412:C6CLLACXX:1:1215:19021:78287 16 I 93 1 66M * @ 0
CTAAGCCTAAGCCTAAGCCTAAGCCTAAGCCTAAGCCTAAGCCTAAGCCTAAGCCTAAGCCTAAGC
@=87=3GF=. :CFE;D@B3?37BD9BC<>CJJJJJJIIIIIIIIIILIIIIIIHHHHHF FEDAC@B
AS:i:0 XS:1:0 XN:i:0 XM:1:0 X0:i:0 XG:i:0 NM:1:0 MD:Z:66 YT:Z:UU

Col Field Type Regexp/Range Brief description

1 QNAME String [!-7A-"]1{1,254} Query template NAME
2 FLAG Int [0,2'¢-1] bitwise FLAG
3 RNAME String \x|[!-Q+-<>-"]1[!-"1% Reference sequence NAME
4 POS Int [0,2%-1] 1-based leftmost mapping POSition
5 MAPQ Int [0,28-1] MAPping Quality
6 CIGAR String  \*| ([0-9]+[MIDNSHPX=])+ CIGAR string
7 RNEXT  String \*|=|[!-()+-<>-"][!-"]1* Ref. name of the mate/next read
8 PNEXT Int [0,23!-1] Position of the mate/next read
9 TLEN Int [-23141,231-1] observed Template LENgth

10 SEQ String \*| [A-Za-z=.]+ segment SEQuence

11 QUAL String [!-"1+ ASCII of Phred-scaled base QUALity+33

https://learn.gencore.bio.nyu.edu/ngs-file-formats/sambam-format/



File Formats: SAM

For example:

RefPos:

1 2 3

Reference: C C A
Read: ACTAGAATGGCT

Aligning these two:

RefPos:

1 2 3
Reference: C C A

Read:

With the alignment above, you get:

POS: 5
CIGAR:

3M1I3M1D5M

ERS

w

ho ]

o

el i)

B o

Q=

HAa N

N w

QP e

o Ne NS,

HHa o

h- N |

R

0w

Op

Description

Match (alignment column containing two letters). This could contain two different letters
(mismatch) or two identical letters. USEARCH generates CIGAR strings containing Ms
rather than X's and ='s (see below).

Deletion (gap in the target sequence).
Insertion (gap in the query sequence).

Segment of the query sequence that does not appear in the alignment. This is used with soft
clipping, where the full-length query sequence is given (field 10 in the SAM record). In this
case, S operations specify segments at the start and/or end of the query that do not appear
in a local alignment.

Segment of the query sequence that does not appear in the alignment. This is used with
hard clipping, where only the aligned segment of the query sequences is given (field 10 in
the SAM record). In this case, H operations specify segments at the start and/or end of the
query that do not appear in the SAM record.

Alignment column containing two identical letters. USEARCH can read CIGAR strings using
this operation, but does not generate them.

Alignment column containing a mismatch, i.e. two different letters. USEARCH can read
CIGAR strings using this operation, but does not generate them.

https://learn.gencore.bio.nyu.edu/ngs-file-formats/sambam-format/



File Formats: BED

1. Name
o Label to be displayed under the feature, if turned on in “Configure this
page”.
2. Score

Chr1 213941196 213942363 e A score between 0 and 1000. See
C h r‘ 1 2 ‘I 3 9 4 2 3 6 3 2 ‘I 3 9 4 3 5 3 e E;ZZ? lines](http://asia.ensembl.org/info/website/upload/bed.html#track-
C h r 1 2 1 3 9 4 3 5 3 @ 2 ‘I 3 9 4 4 6 9 7 , below, for ways to configure the display style of scored data.

3. Strand

C h r‘2 1 58 3 6 46 9 7 1 58 3 6 58 6 4 o defined as + \(forward)) or — \(reverse\).

4, thickStart

C h r-.2 ‘I 5 8 3 6 5 8 6 4 ‘I 5 8 3 6 7 @ 3 ‘I s coordinate at which to start drawing the feature as a solid rectangle

5. thickEnd

C h r 3 ‘I 2 7 4 7 7 @ 3 ‘I ‘I 2 7 4 7 8 ‘I 9 8 « coordinate at which to stop drawing the feature as a solid rectangle

6. itemRgb

C h r 3 1 2 7 4 7 8 1 9 8 1 2 7 4 7 9 3 6 5 » an RGB colour value \(e.g. 0,0,255)). Only used if there is a track line with the

value of itemRgb set to “on” \(case-insensitive\).

chr3 127479365 127480532 7. blockCount

1. the number of sub-elements \(e.g. exons\) within the feature

chr3 127480532 127481699 8. blocksizes

¢ the size of these sub-elements
9. blockStarts
e the start coordinate of each sub-element

https://learn.gencore.bio.nyu.edu/ngs-file-formats/bed-format/



chr7
chr7
chr7
chr7
chr7
chr7
chr7
chr7
chr7

File Formats: BED

127471196
127472363
127473530
127474697
127475864
127477031
127478198
127479365
127480532

127472363
127473530
127474697
127475864
127477031
127478198
127479365
127480532
127481699

Pos1
Pos2
Pos3
Pos4
Neg1
Neg?2
Neg3
Pos5
Neg4

O 0O 0O 00000 O

127471196
127472363
127473530
127474697
127475864
127477031
127478198
127479365
127480532

127472363
127473530
127474697
127475864
127477031
127478198
127479365
127480532
127481699

255,0,0
255,0, 0
255,0, 0
255,00
0,0,255
0,0,255
0,0,255
255,0, 0
0,0,255

1. Name
o Label to be displayed under the feature, if turned on in “Configure this
page”.
2. Score
¢ A score between 0 and 1000. See
[track lines](http://asia.ensembl.org/info/website/upload/bed.html#track-
lines)
, below, for ways to configure the display style of scored data.
3. Strand
o defined as + \(forward)) or - \(reverse\).
4. thickStart
« coordinate at which to start drawing the feature as a solid rectangle
5. thickEnd
s coordinate at which to stop drawing the feature as a solid rectangle
6. itemRgb
e an RGB colour value \(e.g. 0,0,255\). Only used if there is a track line with the
value of itemRgb set to “on” \(case-insensitive\).
7. blockCount
1. the number of sub-elements \(e.g. exons)) within the feature
8. blockSizes
o the size of these sub-elements
9. blockStarts
o the start coordinate of each sub-element

https://learn.gencore.bio.nyu.edu/ngs-file-formats/bed-format/
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