Quality control

THAT'S GOoD ENOUGH.

CONTROL

https://jobsite.procore.com/this-friday-s-funny-the-history-of-quality-control



Overview of this talk

Sequencing recap = Raw data

Data integrity

Quality control of sequence data “

Optical duplicates in data




Wet lab QC - DNA quality is always checked prior to library
preparation and sequencing

Methods for quantification and evaluation of NGS libraries:

Agarose Gel

Electrophoresis  >Pectrophotometry Digital PCR (dPCR)
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DNA sequencing recap — lllumina technology

Paired-end (PE) lllumina data
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Sequencing quality scores measure the probability that a base is called
incorrectly

Base calls are made directly from signal intensity measurements
> .
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Sequencing technologies are not perfect and do produce errors

QC ensures that the data used for downstream analysis does not contain (too
many) errors and poor quality sequences




Check that the data is complete

File checksums ensure data integrity, eq. MDg
Calculate file checksums before transfer

After the transfer, checksum the transferred file
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Check the data quantity

Generate simple statistics of FASTA/Q files using eqg. SegKit

$ seqkit stat *.fg
file format type num_seqs sum_len min_len

dataset_A.fqg FASTQDNA 2,675,748 244,807,643 5o
dataset_B.fq FASTQDNA 3,789,194 388,099,750 100
dataset_C.fq FASTQDNA 9,186,045 918,604,500 100

max_len
100
100
100




Check the format - The lllumina output are FASTQ files

Sequence read name 1 and 2 refer to the forward

Read sequence (base calls)

and reverse (PE) read :
(PE) Sequence quality. One character per base

M LFI5S006_S7_LO01_R1_0QiAfastq

TTTCAGCATCGATGAATAATCTCCTAACTCTGAGTTCAGGGG ATCGTAATCTGACAAATCTTTCATAAAAACAAAGC CCTCATCCATCACATCGATAATATTATTGACTGACAATAAATAACGCTC GCTAAGCCAT

@MP0435:6:000000000-A23K2:1:1101:15725:1441 1:N:0:7

CGCATTGCAATAACTAAGCTGCTTTTATACTGCTCTTGCAATGGTTTTAGACGGCGAGCGTAATCTAACGC S eq U e n celq U a I ity I i n (E Se pa rato r

@M00435:6:000000000-A23K2:1:1101:17134:1445 1:N:0:7
CTACAGACTATTCATAATTTCGCAACGGTAAGTTGCAAAAGAGCAAGTAAACGACGATCAGGTAAACACATATTTACTTAAGTATAATAGTGATCAACTTCTCACTTCAATACCCAAACAAAAACTTAACTGTTCAAAAACTAAGATTACA
+

@M00435:6:000000000-A23K2:1:1101:16665:1448 1:N:0:7
GTGTTACAGTTATATTGATATTGCCTAAGGTC TATATTCAGTAATCCACTCAGCTTTATTATCAGCTGCTTGCTTTAATTCCAAGCGGCGTAGCTCTGAACGTGTTAGTGGTTTTGCGTCAGACTCTGATTTAGTTAAACCAATGG
+

@MP0435:6:0000000P0-A23K2:1:1101:16771:1451 1:N:0:7
GGACAACGTAACAGCCAATGTCATGGTGGCGGATGGGCAACGTAATATTATTTATATGAATGAGTCGGTTGATAAATTACTTAAAAATGCTGAAAAAGATTTCAAAAAAGAGCTACCCGACTTTAATGTAGACAATTTACTCGGCTCAAGT
+

@MP0435:6:000000000-A23K2:1:1101:16128:1456 1:N:0:7 T e
AATGTATACTTCAGATAATATTCAATTAATTGGCAATAGGGAAGAGACAAAAACTCGTACCGGTCTTCAGATCGAAGAGGGAAATGAGCAGATTAAATTACACGATAATCTTGTTTTCCATCATGAAAAGAAAAAGTGTAGCCGCAACCTT
&

@M00435:6:000000000-A23K2:1:1101:17464:1467 1:N:0:7
CAATTAATACTTTTAATCGTACGGGTTGATAACGATTGCGACGATACAGCAGAAACAGCGGTACATTCGGTGAGTGCCATTGTTCTTCATGCGATGCTGATATTAAAGCAGGGGCTAAGGTATTTTCCTTAATCTCAGTGTCGCATTACAG
i
?77777BBB<B<<BBBB?CFACC>EHCE>F>CD/@>AFFDE>+5+, 55CCFHDFDHFFFHHH+>C-55CFFEEF, 5, ,@, CF,@CFF=.@C?C+5CDEHFB?, 77BD; B?DD*6:) ) ;BB, ,,,37,3,7,,3,3,,,3,,; A%4)0: 77%
@MP0435:6:000000PAO-A23K2:1:1101:16930:1468 1:N:0:7
ATCTGAACCAACTGTAGATAGGTTACCCGAGATACCACTTACTTTTTGATACTCAGGTAATTTAGGGTCTAGTCCTGCTGCAAATGCGCTTTGTGAAGCGATTGCTGTCATTGATATCCCTAATGCTACAACAATTTGTTTAATATTCATT

+




Check the format - The lllumina output are FASTQ files

The FASTQ header

@EAS139:136:FC706VJ: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, N otherwise
18 0 when none of the control bits are on, otherwise it is an even number

ATCACG | index sequence



A range of sequence quality scores depending on technology and the
base caller

Most modern sequencing machine, such as MiSeq use Illlumina 1.8+

33 59 64 73 104 126
Dceccccscsscsnsassnsassnss 26.0:03lcccccsas 40
-5 Occccncnne Dcccsccasscsnccssnsacscscssnss 40
Oceccncnne Dceccscsscssssccssscsassasssnnss 40
0c2ccccccscncsccsnnsccnnss 26.c03lcccccnas 41
S - Sanger Phred+33, raw reads typically (0, 40)
X - Solexa Solexa+64, raw reads typically (-5, 40)

I - Illumina 1.3+ Phred+64, raw reads typically (0, 40)

ct
|

Illumina 1.8+ Phred+33, raw reads typically (0, 41)




The FASTQ quality scores derives from using ASCIl encoding

ASCII codes represent text in computers, originally based on the English alphabet

Dec Hex Name Char Ctrl-char |Dec Hex Char |Dec Hex Char|Dec Hex Char
0 0 Null NUL CTRL-@ |32 20 Space (64 40 @ 9% 60 :
1 1 Start of heading SOH  CTRL-A 3 21 ! 6S 41 A 97 61 3
2 2 Start of text STX CTRL-B 34 22 " 66 42 B8 98 62 b
3 3 End of text ETX CTRL-C 35 23 # 67 43 C 99 63 C
- 4 Erd of xmit EQOT CTRL-D 3B 24 ¢ 68 44 D 100 64 d
S S Erquiry ENQ CTRL-E 37 25 % 69 45 E 101 65 5
6 6 Acknowledgs ACK CTRL-F 38 26 & 70 46 F 102 66 f
7 7 Bell BEL CTRL-G 39 27 ' 71 47 G 103 67 Q
8 8 B ackspace 8BS CTRL-H |40 28 ( 72 48 H 104 68 h
9 9 Horizontad tab HT CTRL-1 41 29 ) 73 49 | 105 69 i
10 0A Line feed LF CTRL-) 42 2A * 74 4A ) 106 64 )
11 0B Vertical tab VT CTRL-K 43 28 R 79 4B K 107 6B k
12 0C Form feed FF CTRL-L 44 2C ’ 76 4C L 108 6C |
13 0D Carriage fead CR CTRL-M 45 20 - 77 4D M 109 6D m
14 (€ Shftout SO CTRL-N 46 2E . 78 4E N 110 6E n
1S OF Shiftin S1 CTRL-O 47 2F 7 79 4 O 111 6F 0
16 10 Dataline escape OLE CTRL-P 48 30 0O 80 S0 P 112 70 p
17 11 Devicecontrol 1 DC1 CTRL-Q 49 31 1 81 51 Q 113 71 q
18 12 Device control 2 DC2 CTRL-R S0 32 2 82 52 R 114 72 r
19 13 Devicecontrol 3 DC3 CTRL-S S 33 3 83 S3 S 115 73 s
20 14 Device control 4 DC4 CTRL-T 52 34 4 84 S4 T 116 74 t
21 15 Negacknowledge NAK CTRL-U 53 35 S 85 55 U 117 7S u
22 16 Synchronouside SYN CTRL-V |S4 36 6 86 S6 V 118 76 v
23 17 End of xmit block ETE CTRL-W o0 | 37 7 87 57 W 119 77 W
24 18 Cance CAN CTRL-X 56 38 8 88 S8 X 120 78 »
25 19 Erd of medium EM CTRL-Y S7 39 =) 89 59 Y 121 79 Y
26 1A Subshtute SU8 CTRL-Z S8 3A - a0 Sa 2 122 74 2
27 1B Escape ESC CTRL-[ 59 38 ; 91 SB [ 123 78 {
28 1C File separator FS CTRL-\ 60 3C < 92 SC \ 124 7C |
29 1D Group separator GS CTRL-] 61 30 = 93 SD ] 125 70 }
30 1E Recordseparator RS CTRL-™ 62 3E > HEENSE ~ 126 7E  ~
31 |IF Unit separator Us CTRL- 63 3F ? S SF o /T DEL

WWW.commironE.com



Q30 is considered a benchmark for sequence quality in next-generation
sequencing

A quality score of 99% (Q30) will have an incorrect base call probability of 1 in 1000

Relationship Between Sequencing Quality Score and Base Call Accuracy:

Quality Score Probability of Incorrect Base Call Inferred Base Call Accuracy

10 (Q10) 1in10 90%

20 (Q20) 1in 100 99%

30 (Q30) 1in 1000 99.9%



When performing Quality Control (QC) you generate a general summary
of the input data

The range of quality values across all bases at each position in the FASTQ file

Quality scores across all bases (Sanger f lllumina 1.9 encoding)

Measure Value o == e
Filename CAV3 S1 L001 Rl 00l.fastqg.gz | I
File type Conventional base calls .| The blue line represents the mean qualit
Encoding Sanger / Illumina 1.9 4
Total Sequences 2172538 16

Yellow box = the inter-quartile range (25-75%)
Filtered Sequences 0 i I
Sequence length 35-301 :

The upper and lower whiskers represent the 10% and 90% points

0

$GC 41

1 2 3 4 5 & 7 8 9 15-19 25-29 35-39 45-49 60-69 80-89 100-149 250-299
Position in read {bp)



Low quality sequences can cause problems during downstream analysis

Analyzing K-mer content may identify artifacts in sequence reads, eg. multiplex
identifiers, adapters, and primer sequences
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Ambiguous bases (Ns) arises when a sequencer is unable to make a base
call with sufficient confidence

A high number of Ns can be a sign for a low quality sequence and can cause
problems during downstream analysis
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Identification of sequence duplication since ideally, no reads should not
start at the same position and have the same errors

Most likely to indicate some kind of enrichment bias

Percent of seqs remaining if deduplicated 68.91%
100
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Duplicates in NGS data
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Duplicates in NGS data

Tile-edge duplicates may account for >80% of the duplicates

NextSeq Tile Coordinates
of Duplicate (Blue) and Unique (Red) Clusters
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Remove duplicates from NGS data

Clumpify removes duplicates and reorders reads to maximize gzip compression

NextSeq Tile Coordinates
of Duplicate (Blue) and Unique (Red) Clusters
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Simple FASTQ/FASTA manipulations using SeqgKit

SeqKit is a cross-platform ultrafast comprehensive toolkit that can perform common
manipulations of FASTA/Q files

Eg converting, searching, filtering, deduplication, splitting

Works on all major operating systems, including Windows, Linux, and Mac OS X, and
can be directly used without any dependencies

Easy to use on command line:

$ segkit <subcommand>

List of subcommands can be found here: https://github.com/shenwei356/seqkit



https://github.com/shenwei356/seqkit

