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More
Flexible

More
Efficient

Per/'W  Todays standard, most programmable, Good for service
CPUs X changing rapidly.
Manv- Many simple cores(10s to 100s per Chip),useful if
y-core : _ o .
CPUs 3X software can be fine-grain parallel, difficult to maintain
GPUs Good for data parallelism by merged threads(SIMD),High
5~30X  memory bandwidth, power hungry
Most radical fully programmable Option, Good for streaming
JHEES 5~100X parallelism, power efficient but program in H/W languages
Structured 1nny Lower-NRE ASICs with lower performance/efficiency.
20~100X ) .
ASICs Includes domain-specific (programmable) accelerators
custom >100x  Highest efficiency. Highest NRE costs. Requires high volume, -
ASICs Geed for functions in very widespread use that are stable for

many years
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Alignment-extend Denovo assembly

: o\ 4
Alignment-seeding(BWT)

smsann s
)

Hash-based Seeding

<

High parallelism
w
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O =tnmprEEEES

= B 4 T SoRI R A bR SR . 250,000 CPU hours to
O i F1514kbp(= X : 50-200bp) assemble 54x human

O RmpcRi# Fazircogy 0 PN EBREE S R

--Nat. Biotechnol (2015)
O FAiERES (15%)

33:6,623
S FKF AL X 7 AR 51 EE st
long read (14kbp) e
e S ERESEER o e
‘seedf reads o reaks
PRI, o e W it
R S reads o em il s e o L
— T e e inished
— Genome —

" genome
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AT E
Minimap2:&Broad Institute Li HengFF%& BYIRIER = 4K 50 B b Xk 44

FENAgR: ZREHERImappingFi2E = OverlapEk
https://github.com/Ih3/minimap2

B (4018) i} ig] 2
minimap?2 128m0.008s &
S 0.94 .'.-Iasr-mc =
BWA MEM 2700m59.175s 5 bwametn ——
B ooz | [ minialign —
NGMLR 1576m2.239s ool T romir o |
10° 10° 10° 10° 10°

Error rate of mapped PacBio reads

30x human genome (PacBio)



https://github.com/lh3/minimap2

D =tttbxdaxig — Minimap?
TR St 5
Mappingi&E= AVARE:

O Seeding: #F (w,k)-minimizersiZ iz hash table
O Chaining: X14 Al AYseed s B i
O Extend: 5| ASSEfNIRSWiZFE

i e 42 R B 2 75

19

O Seed: FTF(w,k)-minimizersi 3zhash table
O Chaining: 74 B BYseed BY 5%

Seeding 124455 13.56% AT Seeding 527248s 67.5%
Chaining 3495s 3.81%  iIH& 7@%};% Chaining 239147s 30%
Extending  74491s 81.17% HEEE

MR IRE: WERES-2680 VAALIEEE
R ERE: WERES-2680 VAALIEES




@ =fttesdsris — Minimap2-hp

AT REHR

B RROBORSH, BOOSURE SN, e i
n GRS, MRSHERREE | o |
B SHEREREER “EFSRAEALCRREAN o T e =i
i — iR xiﬁiﬁ”*éﬁmmgxﬁﬁw;ﬂwwéu EH
B B AL E B A R S S =
AVARER T AL SRR Minimap2-hpZ £ iniE t
HiEsE Minimap2  Minimap2-hp  Speedup LZJ _
np.new.fasta 1579s 75s 20.05 ; - -
huaxia.15X.fasta ~ 16810s 684s 24.57 : - -
Minimap2: WWEE5-2680 VARLIESE 564 1E ’ o' ’1 2 3 4 5 6 7 8 10

Minimap2-hp: M E&Gloden51204b 828, 83K MR o @r
Inx
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BREBER AR

Racong— kXt =M F 2 RER AN RIS =N FEREHITRIER G
https://github.com/isovic/racon CPUBF[E] (min) / R7F (GB)

miniasm+Racon Canu FALCON

CCATTTCAGGTACCATCGTGAGTCTGTCTGAAATCGCTCATGCTATAGCTATAGCCATTTA

Aligning reads and segmentation E.coli ONT 54x 25/3.32 1328/4.03 829/12.29

(c-ATATCAGGTACCATCGTGAGTCTGTCT] | (ATTCGCTCATGCTATA] (TATAGC---TTA)
([c-TATCcAGGTACCAT-GTGAG) (aTTcecTCATG-TATACCT--AGG)

[cc-TATCA-GTGAG) [TCGTGA--ATGTCTGAATTCG---ATGCTATACCTATAGCCATTTA) E ' COII PaCB I 0 160X 86/9 ' 69 773/3 ' 60 2908/9 ' 93

/

Ax
POA graph (SIMD-accelerated) gﬂ w ﬁ ’|‘$
@+ ©++©
oeoeomeeoeoe

miniasm+Racon Canu FALCON

\ / — E.coli ONT 54x 99.13%

99.28% 98.84%

[ccATATCAGGTACCA[TCGTGAGTCTGTCTG AATTCGCTCATGCTA[TACCTATAGCCATTTA]

Consensus se quence

CCATATCAGGTACCATCGTGAGTCTGTCTGAATTCGCTCATGCTATACCTATAGCCATTTA E " C O I i P aC B i O 1 60X 9 9 " 6 3 % 9 9 " 9 9 % 9 9 " 9 O%

ETFPOAEI R EHIE
© @Iinx



https://github.com/isovic/racon

D =HEFIHERE — Racon

SRSt

B EdlibAlign: i+ E &R, LIOverlapEELXT;

B SPOA:graph:if FEHEEE!, HEZEE;

B SPOA::alignment: i+ E3RER, FHHAITHL;

B SPOA::generate_consensus:if F &R, SLIXFreadi#H I THIIE ;
B IRIRIBITHERT S EE

107764s 33.6%

SPOA::graph 60677s 20.12%
SPOA::alignment 124580s 41.31%

SPOA::generate_consensus 6409s 2.1%

19
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D =HEFFERE — Racon-hp
AL R RHR ) e

. . edlibAlign¥#EE = i RIS — FPGAgfi)X | ce
B UCEREER AR, RSEETERER - ;
ediibAlign B | o | pmmm oy e FPGAgifmi ] e ETUIE : :
BE FE 77 & 1% HY o] @ — = e R LA L e

Windows BAFY -} ‘ _AccR,ECORE I

m EdlibAlignfii#4E Sgenerate_consensus E{TALEE, | : S ]
aln_seq_with_grp [—] aIn_seq_withI_gr_’ FPGAgaEE%

g’_ﬁ %Q&*Ej]u \% tt6 . #SI?EAEF‘ - pﬁl#&lMﬁl 2

B SRR “ESEE—AOERR e e

N — IR IEEANIE” SEa Rk
AR 1"] 34mils 4.95

B SRz EEXA MRS ; 211m31s  42m 5.02
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PRE-PROCESSING VARIANT DISCOVERY

BWA mem

E Genntype Likelihoods J
Map to Reference H

[ Raw Reads ] e hnalysis-Ready Call Variants
Il : Reads

Non-GATK

Mark Duplicates H [ Joint Genotyping

Picard g +

4 § [Raw variants | SNPs || Indels | J
[ Base Recalibration ] § 1

4 : [ Filter Variants }
Analysis-Ready et 4

Reads
Variants [ SNPs J [ Indels ”

Best practices for germline SNPs and InDels in WGS

Tools
BWA MEM

Picard SortSam

Picard MarkDuplicates

GATK BaseRecalibrator
GATK PrintReads
GATK HaplotypeCaller

Total Time

1 Thread
92h03m19s
7h55m51s
6h34m47s
19h49m07s

23h54m38s
63h39m09s

213h56m51s

36 Threads

3h50m58s
6h36m35s
5h45m15s

1h56mO07s
7h28m08s
6h18m39s

31h55m42s
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CPU: E5 @2.3GHz; sample: 30X WGS
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BWAZZBroad Institute Li HengFF %& BY — X3 5= EE X X 44k
https://github.com/Ih3/bwa

100
Reference Genome Sequence 98 + o -
+ 96 i Gwi G- o =
— 7] [ = s e s
—= — E 94 - % = QE@@ ‘ /
g [ B/ : .". /
a 92t 1 g PR
R 90+ _
‘ bwa-mem (497s) —+—
gem (529s)
88 bowtie2 (545s) —— |7
e — - seqalto (879s)
e N ‘ cushaw2 (1026s) —*—
_ - Mg 86 ; bwa;)—sw 5 }%gsg o - audl
e N L , % wa S) —a—
ﬁ 3 novoalign (2585s) —&—
l 35§gldent|ﬁed| 330- 430 bp unknown sequence 35bp identified 8410_7 10-6 10_5 10_4 1(;_3 10_2

#wrong mappings / #mapped (106 x 2x101bp PE, 1.5% sub, 0.2% indel)

N Y, _ 2 >
O seed: RAFMD-Index® 5| &1k From: Heng Li, https://arxiv.org/pdf/1303.3997v2.pdf

O extend: SWESEEITE ©@W



https://github.com/lh3/bwa
https://arxiv.org/pdf/1303.3997v2.pdf

B =rmstLrsRE — BWA

B Seeding: S EARISMEM (Super Maximal N — MEMli

SMEM,
Exact Match ) -
ed %
B EERISEEEDR, FENE/NEHEKX I

If we want to find BEST local alignment...

e Find Scoregp: and then traceback

Scoreopt = rnfgl)l( MIi[j]
ij=

B Extending: FHERLEREEAFSMEMIGEZE 0 L.

UUUUUUUUUUU
A IR == 5 E IJ Fﬁ—tk"‘i P | QD i D i D O D O i O O F - DR O
1 Y ~,
B FEEER BAANES P G T R L
w 1] 0 [1] n\z Cl\m'—IZ"—a 0
i TS ™
H 10+— 2 0 [4] 2 18 22— 14—
E L\1'— 0 0 14 ID\1S\H\2U
T\ . "~ | I ™
0 a8 1—13 5 '] 4 10 20 27
T Sl
[4] 6 3 18 1 0 4 16 26




Q® —HEFItLaRE — BWA-hp
R E P T ES
B LRSI BREHRI, ERTFAE;
B B RSIEN, REBERRIEIHTE;
B EWRHRN, ERFERKTEERN;
B 1Zbwt smemlafksw extendZFfzRER, RAMEIFHFNEI,

BiEsE BiEE speedup HEeE

ERR2303730 30GB 13.22 99.88%
SRR6914852 40GB 12.11 99.67%
SRR6882893 26GB 10.53 99.94%
ERR1775135 1.1GB 12.23 99.77%

MR IR 15 AR
BWA: X EZE5-2680 VAAMTEEE 56272

BWA-hp: X E&Gloden51204L 28, 83KkiniE -+ o @r
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iR —— GATK-HaplotypeCaller

GATKZZBroad Insititute F A FF & Z XN 35 S 40 MEX
https.//software.broadinstitute.org/gatk/

N
Identify ActiveRegions

Assemble plausible haplotypes

\

AN TATGAAATTGGTATAGGCT

READS
A=A E A A
» > > bREE

EEEE> > > =

A 3 I

N
- Y () Uy ()
(TATG) ‘:’>(MT 4 'GGIAT}/“:"\;GGCT)
- /CH_ . /";'"\ . \QG\I"‘, - ”

A y

pruned
TATGAAATTGGTATAGGCT
’ A T A
A T [
(-bamOut) -,

2 2
Determine per-read likelihoods (PairHMM) Genotype sample
R — 0/0|0r1|1/1
? o ?
AT ﬂ-: Al
C N 0 T G GLs + annotations )
y



https://software.broadinstitute.org/gatk/

B —HERUABHIKEE — GATK-HaplotypeCaller
S G5 9

O Identify ActiveRegions: 10F1iF 72 & 8!

O Assemble plausible haplotypes: if7E2588!

O Determine per-read likeihoods(PairHMM): i+ & & A
O Genotype sample: T+ EFiF R &ER

WA SRR | BT

41 9=

Identify ActiveRegions 11659s 4.9%
Assemble plausible haplotypes 61670s 26.23%
Determine per-read likeihoods(PairHMM) 1453365 61.81%
Genotype sample 16454s 7%
SLFEY 250m52s --

MIRIFE . WEEES-2680 VAALIERS




O —HERLARBIFREE — GATK-hpfibHERER

R RBEBR

B BB SHBERAE R ;

B SIS, Rk

B 1kl
7‘I'_/J/Iﬁ

KT EART;

B 5% 5 BPairHMM & 3843 Smith-WatermanSE B iliE R /5 SN TR
R ERMR

speedup  BRATEM oriL HAE
ADD DEL
SRR3670051 4m3s 20.35 46569 0 7 09.98%
SRR3670054 4m8s 19.83 44210 1 9 99.97%
SRR3670088 4m59s 18.82 47141 0 2 99.99%
SRR3670058 4m9s 18.99 44007 3 8 99.97%

3 34 15 15 B
GATK: WERE5-2680 VAL IR EE 56412

GATK-hp: B1E W EGloden51204L 888, 13KMNIRSGH m
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Thanks for your attention
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TEL : 86-510-85321179

FAX : 86-510-85321100

Official Web: www.smart-vsc.com
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