
AI applications in Genomics
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1BTC = ? TWD







GPU? TPU?



���GPU



•���$97990

���$39990

•���$10800





CPU: Central Processing Unit
GPU: Graphics Processing Unit
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ASIC: ��������	Application-specific integrated circuit


https://zh.wikipedia.org/wiki/%E7%89%B9%E6%AE%8A%E6%87%89%E7%94%A8%E7%A9%8D%E9%AB%94%E9%9B%BB%E8%B7%AF
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*Trichuris trichiura (��)

T. Trichiura
0.99932 T. Trichiura

0.98865

*Enterobius vermicularis (��)
E. vermicularis
0.88971



A universal SNP and small-indel variant caller using deep neural networks

Nature Biotechnology volume 36, pages 983–987 (2018)
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http://t17.techbang.com/topics/50431-emario-ai-artificial-intelligence-security-camera-store-owners-good-helper




��������



19 24

��������



https://www.mile.cloud/zh-hant/getting-started-2-tensorflow/#toggle-id-1



https://www.twbiobank.org.tw/new_web/

BIOBANK

UK, China, Korea > 500,000
Saudi, German, Norway, Japan > 200,000

Mexico, Swedish, Malaysian, Taiwan > 100,000



Adapted from https://macarthurlab.org/2018/10/17/gnomad-v2-1/

Is Taiwan Genetically Independent?
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On-going Projects
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Manpower available



2.2 GHz
40 cores

1000 samples  WGS 30x

5 years 32 years
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Total: 1500 samples  WGS 30x



Solution1: Hardware Scaleup

Human
WGS 30X

GATK 4 HaplotypeCaller

1 node

1 sample

Computing node(s)

1000 Samples

2Days

1     

5.47 yrs

6nodes

VCF + gVCF

2Days

6     

333.3 Days



Solution2: Software Speedup

GATK 4 HaplotypeCaller

1 sample

VCF + gVCF

1000 samples

Human

WGS 30X

2Days/1 sample 5.47 Yrs

2Days/6 samples < 1 Yr
(333.3 Days)

Original

Hardware↑

Hardware↑

Software ↑

5.9hrs/1 sample

3.37hrs/1 sample

~8 Months 

(250 Days)

~5 Months 

(166 Days)

23 partitions (chr1, 2, … 22, X)  

156 partitions



Visible Improvement

WGS (30x)
From fastq to VCF+gVCF

DeepVariant

GATK

12Days→4hrs

2Days→3.37 hrs



The benefit of Software Speedup

GATK 4 HaplotypeCaller

1 sample
VCF + gVCF

1000 samples

Human
WGS 30X

2Days/6 samples < 1 Yr
(333.3 Days)

Hardware↑

Hardware↑
Software ↑

5.9hrs/1 sample

3.37hrs/1 sample

~8 Months 
(250 Days)

~5 Months 
(166 Days)

23 partitions (chr1, 2, … 22, X)  

156 partitions

6*5 = 30 nodes
? hrs/1 sample << 1 month

156 partitions

Hardware↑
Software ↑

2270 partitions



Precision/recall evaluation

Platinum Genomes truth sets:
Eberle, MA et al. (2017) A reference data set of 5.4 million phased human 
variants validated by genetic inheritance from sequencing a three-generation 
17-member pedigree. Genome Research 27: 157-164. 
doi:10.1101/gr.210500.116

Genome in a Bottle truth sets:
Zook, JM et al. (2014) Integrating human sequence data sets provides a resource 
of benchmark SNP and indel genotype calls. Nature Biotechnology 32: 246-251. 
doi:10.1038/nbt.2835





Chang Gung Genotype-phenotype Database

1,500



GATK4.0 hg38/hg19 gVCF
1000 samples + 300samples

400�
(������)

Chang Gung Genotype-phenotype Base (WGS)



2.2 GHz
40 cores

1000 samples  WGS 30x

5 years 32 years
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$300��
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30X PE WGS

32�3�

SparkDV

Benchmarking

DeepVariant
(Google)

DeepVariant
(PJ modified)

DeepVariant
(Google Cloud)

SparkDV
(CGU)

SparkDV
(AI center)

CPU 24 24 80 72 ?

GPU x 3,584 35,840 10,752 1,376,000

Spark x x x v v

Output VCF VCF VCF+gVCF VCF+gVCF VCF+gVCF

Time 16hr 6hr 2hr 2hr20m << 1hr

$300������



HP Z640

Nvidia
1080Ti

SparkDV: DeepVariant on Spark

DeepVariant
<2h20m/sample
602 992 WGS  (2018 Sep. ~ now)

3,584 cores 3,584 cores 3,584 cores

10G Network

Plan: 1,500 WGS



DGX-1  4�:  V100 x 32�
V100: 43,000 cores
Total: 1,376,000 cores



GPU machine: DGX-1  GPU*8



We have enabled Multiple GPU Acceleration!

Currently DeepVariant (v0.7.x) support single GPU

Multiple GPU machine: DGX-1  GPU*8  (no benefit)  

GPU 1
GPU 2

GPU 3

GPU 4

GPU N

...

4 jobs

4 jobs

4 jobs
4 jobs
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AI application 2

Deep-Signature



Gad GetzSteve RozenMichael Stratton

Ludmil Alexandrov



The repertoire of mutational signatures in human cancer

49 SBS: Single base substitution 
11 DBS: Double base substitution
4 CBS: Clustered base substitution

17 IDS: Insertion and deletion

4,645
Genomes

19,184 
Exomes

Mutational Signatures



Mutational Signatures in 1,001 Human Cancer Cell Lines and 577 PDX models

Volume 176, Issue 6, 7 March 2019, Pages 1282-1294.e20

https://www.sciencedirect.com/topics/biochemistry-genetics-and-molecular-biology/cancer-cell
https://www.sciencedirect.com/science/journal/00928674/176/6


Characterizing Mutational Signatures in Human Cancer Cell Lines 
Reveals Episodic APOBEC Mutagenesis

Volume 176, Issue 6, 7 
March 2019, 
Pages 1282-1294.e20

https://www.sciencedirect.com/science/journal/00928674/176/6


Steve Rozen

2014

Peter Campbell 
Head of Cancer, Ageing and 

Somatic Mutation, and Senior Group Leader

2018

2017

Michael Stratton
Ludmil Alexandrov

2018



VCFs
VCFs

Mutation count matrix of 
96 trinucleotides (motifs)

4    *    6   *     4      =    96

Mij :

S_01 S_04 S_06 S_09 S_10 S_11 S_13 S_14 S_15 S_16 S_18 S_19 S_21 S_22
A[C>A]A 8 1 4 9 0 5 6 3 4 7 1 4 4 5
A[C>A]C 1 2 2 2 4 1 0 2 1 7 0 1 1 4
A[C>A]G 0 2 0 0 1 1 2 2 0 3 0 1 1 0
A[C>A]T 1 1 2 0 1 3 3 1 1 1 0 4 3 2
C[C>A]A 6 1 1 2 5 6 2 7 0 9 1 3 4 4
C[C>A]C 3 3 3 1 3 3 1 2 2 4 1 2 4 3
C[C>A]G 1 3 1 4 3 2 0 2 2 8 1 1 0 0
C[C>A]T 2 6 6 2 2 1 2 2 0 5 0 1 2 4
G[C>A]A 10 7 7 11 18 2 9 7 2 8 2 3 5 5
G[C>A]C 0 2 2 2 7 1 1 7 2 4 0 0 4 2
G[C>A]G 4 2 1 0 10 4 2 1 1 6 0 0 3 2
G[C>A]T 4 2 2 5 18 2 1 4 0 8 0 5 3 6
T[C>A]A 17 0 5 7 5 4 8 3 0 41 0 6 4 6
T[C>A]C 11 1 3 5 2 2 8 4 0 37 0 3 4 6
T[C>A]G 2 2 1 1 1 1 2 2 0 19 0 3 1 1
T[C>A]T 12 4 2 8 8 3 8 3 1 33 0 5 7 2
A[C>G]A 4 1 4 0 2 1 6 5 0 5 0 3 2 2
A[C>G]C 3 1 1 0 4 1 1 6 2 3 0 0 1 1
A[C>G]G 0 2 0 0 1 0 1 0 0 3 0 0 0 0
A[C>G]T 4 2 0 3 0 1 3 0 1 7 0 0 4 3
C[C>G]A 7 2 5 2 0 1 1 2 0 10 0 1 2 4
C[C>G]C 0 1 0 1 0 1 3 2 1 6 0 1 0 1

C. elegans
Mouse
Fly
Bee
Trichomonas vaginalis
(~20 sequenced organisms) j: sample

i:
m
ot
if

VCFs to Mij



Sample01 Sample02 Sample03 Sample04 .. Sample N
A[C>A]A 8 1 4 9
A[C>A]C 1 2 2 2
A[C>A]G 0 2 0 0
A[C>A]T 1 1 2 0
C[C>A]A 6 1 1 2
C[C>A]C 3 3 3 1
C[C>A]G 1 3 1 4
C[C>A]T 2 6 6 2
G[C>A]A 10 7 7 11
G[C>A]C 0 2 2 2
G[C>A]G 4 2 1 0
G[C>A]T 4 2 2 5

4 *  6  * 4 =  96 possible motifs

Sample_01 Sample_04 Sample_06 Sample_09 Sample_10
Signature.A 6.687693e-24 4.738640e-40 6.696851 15.41487 2.954238
Signature.B 9.047959e+02 6.919253e+00 38.994140 95.17419 9.687942
Signature.C 6.226840e+01 1.664556e+02 98.471340 109.71647 49.469116
Signature.D 9.525633e+01 1.156605e+02 119.692430 165.10849 221.359040

SignatureA SignatureB SignatureC SignatureD
A[C>A]A 3.249479e-02 3.503686e-03 0.008037484 0.0229407750
A[C>A]C 4.035044e-03 2.020597e-03 0.007723346 0.0063505108
A[C>A]G 8.234375e-03 6.756928e-04 0.004091822 0.0026345930
A[C>A]T 1.674006e-02 2.096341e-04 0.004344802 0.0063222097
C[C>A]A 0.000000e+00 2.684686e-03 0.005048376 0.0228333080
C[C>A]C 6.446185e-03 5.908851e-04 0.008907210 0.0107377040
C[C>A]G 0.000000e+00 1.425114e-03 0.004100198 0.0102339650
C[C>A]T 2.168341e-02 1.422013e-03 0.004306194 0.0160521860
G[C>A]A 3.373368e-09 2.959277e-03 0.006115318 0.0387491400
G[C>A]C 1.123672e-02 5.657528e-04 0.006393033 0.0113647080
G[C>A]G 1.196163e-25 2.284688e-03 0.004989549 0.0077296080
G[C>A]T 1.795580e-02 1.602704e-03 0.004540974 0.0230448860
T[C>A]A 2.588315e-02 1.792287e-02 0.004489218 0.0187690370
T[C>A]C 2.541957e-02 1.239242e-02 0.005014753 0.0131803780
T[C>A]G 0.000000e+00 5.830468e-03 0.002189514 0.0061883930
T[C>A]T 1.829565e-02 1.139105e-02 0.006483608 0.0311363060
A[C>G]A 6.548117e-03 2.930061e-03 0.006755131 0.0051888540
A[C>G]C 0.000000e+00 7.656575e-04 0.005283677 0.0044727780
A[C>G]G 0.000000e+00 4.835939e-04 0.003224087 0.0019122467
A[C>G]T 1.614254e-02 2.344688e-03 0.007354372 0.0044570174
C[C>G]A 0.000000e+00 2.970879e-03 0.006527352 0.0010698504
C[C>G]C 1.901355e-17 1.266100e-03 0.009031444 0.0016185363
C[C>G]G 0.000000e+00 1.253844e-03 0.007001213 0.0066030594

Mij
Wik

Hkj

W: composition of a signature
H: contribution of each signature to a

particular sample j
r: number of signatures

i: motif (ex.  A[C>A]A)
j: sample
k: kth signature

X

=

Non-negative matrix factorization (NMF)



Mij Wik
Hkj

W: composition of a signature
H: contribution of each signature to a

particular sample j
r: number of signatures

i: motif (ex.  A[C>A]A)
j: sample
k: kth signature

X=

Signature A

Signature B

Signature C

Signature D

Signature decomposition (Bottleneck)
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Mij Wik
Hkj

X=

Signature A

Signature B

Signature C

Signature D

Solution (GPU)

Speedup 200X



Benchmarking of NMF decompositions

10,000 
TCGA Exomes 30s

1000 NMF iterations





Ultimate Solution
���� + ���� = 0�
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120�

$300������/�

$30��/sample
DeepVariantOnSpark

120 * 10 = 1200 samples 

4hrs * 10 = 40 hrs

4hrs/sample




