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ZettaScaler-3.0

ZettaScaler-3.0 I&. PEZY Computing 'BIFEL e —/N—T9, RADFHM LT, MEMARLIZART7 Y
TI5L—4&. PEZY-SC3 ZMEREH L TVWB ZehEBIFENE T, PEZY-SC3 DIEFRE —V MEEISBHEET
19.66TFlops THH. X TLLEE L TIL 78.64TFlops & D F 9, 7. KX+ CPU ICIX EPYC-7713P
ZHERALTED. PEZY-SC3 TREILTNTULWERWMERDY - z2ER T3 HEICORRICAEZITS
TEET, ARy bT—U 4 >R 7T £ —XIF 10G Ethernet F7=I& Infiniband EDR ZHR— kL. v b7
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Table 1: ZettaScaler3.0 Spec

Spec
CPU EPYC-7713P
RAM 1TB(or 2TB)
SSD 256GB(0S, SATA)

8TB(Data, NVMe)
Network 10G Ether

Infiniband EDR(100Gbps)
Accelerator PEZY-SC3 * 4




PEZY-SC3

PEZY-SC3 I& PEZY Computing HB% L = 5ISH B I L= 7 225 L— &2 A— R TF. PEZY-SC > 1 —
R LTRB=ZMROEHBEBDTT, SVE—IMEBEEEYNER - ENWREZMIULTEILIICTHFIT
NTHEH, EBICHEVWEESRLIEBICEVENMNERESZD FT, EBRE— 7 48EISEREE T 19.66 TFlops.
BIYERE T 39.32TFlops. $48R T 78.64 TFlops Y &N £¥, F7-. XEU L LTHBM2 AL THD. 1.2
TB/s LIEBICERABXAEVHHZRHEE T, KA MDA >AR 7T x— X PCIExpress Gend x16 Z A L.
WHM 32 GB/s DFEFHEFEE T, HBENFEZ 2 —ILHTDHRAT 600W &8> TUWET,
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Table 2: PEZY-SC3 Spec

Spec

Number of PEs 4,096
Clock(PE / GHz) 1.2
Clock(BUS / GHz) 1
Peak FP64 Flops(TFlops) 19.66
Peak FP32 Flops(TFlops) 39.32
Peak FP16 Flops (TFlops) 78.64
Memory Type HBM2
Memory Size(GB) 32
Peak Memory bandwidth(GB/s) 1,200
Power Consumption 600W
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/‘ fastq

Alignment
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Mark Duplicates

Base Quality Score Recalibration
& Apply BQSR

bgsr applied bam

HaplotypeCaller

//,//T vcf

) LBBIINA TSANES YV TIINBAR YV RSA VAV EA—T 11— %2 BEATED. UTDELSICAHE R
2077 LYRYT /L Fastq s BAKE WL DD DA TS 3V EIBET BT TERDY 7 b0 =7 THEM
INBINATTSA V2K %ERITARETY .

$ /opt/pezy/pzwgs/bin/pipeline.py
--ref /data/ref/GRCh38/Homo_sapiens_assembly38.fasta \
--known_sites /data/ref/GRCh38/Homo_sapiens_assembly38.dbsnp138.vcf \
--known_sites /data/ref/GRCh38/Homo_sapiens_assembly38.known_indels.vcf \
--known_sites /GRCh38/Mills_and_1000G_gold_standard.indels.hg38.vcf \
--work_dir /scratch/local/tmp \
--fql /data/fg/readl.fq \
--fq2 /data/fq/read2.fq \
--out_vcf /data/result/result.vcf \

--preset_vc gatk-pcr-free
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At a>TlE CPU TEITL T GATK Best Practice (GATK version 4.2.6.0) DfEITHFER & ZettaVEGA
GATK Compatible E— R TOfBITERZ LB L 7,

B R & 9% GATK I& Math.log BI#Z R L TWLW 3889 % StrictMath.log ICIEEIELTEIL R LTHDZE
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GVCF. U7 7L >R/ LiE GRCh38 Z{ER L. A/ Fastq & PrecisionFDA challenge V1 HGOO1: 53.6X,
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Table 3: Processing time (GATK Compatible mode)
Input data CPU mode ZettaVEGA
Precision FDA challenge V1 HG001 >30h 2,998 s
Precision FDA challenge V2 HG002 >30h 2,167 s
—BE

HHE N7 VCF % beftools version 1.19 @ bcftoolsisec AY Y RETHE LIZERNAUTDERTT, IAT
DOOA—IERN—BLTVWB DA RINTUVETD,

Table 4: Compatibility for GATK

input data CPU GATK only ZettaVEGA only  Call in both Compatibility
Precision FDA 0 0 148,966,181 100%
challenge V1 HGO01

Precision FDA 0 0 440,917,612 100%

challenge V2 HG002

MAT UTFTDESAHAIff AXY RZERAWVWT v 7717 ILOLEEZ{TocE T 5. HGO01, HG002 ¥ HICAY
AITUNTOEFET—THEREINFEATL,

7 v 77— hI& D physical phasing ICRIG L7 Z EIZHZ . INFO ¥ FORMAT OfEIC DO W THRBIEN AL
REEIEZER. VT FILD GATK t DFRE—HERIFRTEFFR L.

diff -y —suppress-common-lines cpu.vcf zettavega.vcf > diff.vcf
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HDFEJ, GATK compatible E— R DBF®D F-measure Z&RH®D [F-measure (GATK)] £ L TRLTWET,
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HLTEDXT, BEHDIHAT FASTQ TR T 100 Gbasepair |- down sample LTHhS5AALTED £
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Table 5: Processing time (hg19)

HaplotypeCaller

Input Data BWA MEM (s) Preprocess (s) (s) Whole time (s)
CNR0028192 318.11 164.75 245.26 728.16
CNR0028194 319.13 173.42 216.77 709.38
Precision FDA 518.87 168.71 214.33 901.97
challenge V1

HG0O01

Precision FDA 442.07 161.44 202.90 806.46
challenge V2

HGO002

Table 6: SNP (hg19)

Input data Precision Recall F-measure F-measure (GATK)
CNR0028192 99.52% 99.42% 99.47% 99.40%
CNR0028194 99.77% 99.26% 99.51% 99.40%

Precision FDA challenge V1 HG001  99.03% 99.39% 99.21% 99.46%
Precision FDA challenge V2 HG002 99.77% 99.17% 99.47% 99.33%

Table 7: Indel (hg19)

Input data Precision Recall F-measure F-measure (GATK)
CNR0028192 98.80% 98.10% 98.45% 95.00%
CNR0028194 99.67% 99.29% 99.48% 99.35%

Precision FDA challenge V1 HG0O01 98.78% 98.77% 98.77% 98.56%
Precision FDA challenge V2 HG002 99.26% 98.97% 99.12% 98.85%

1H>FILHTD 900# (1549) IS 71I0MEETEIDPTETLET. 1 > FILH7D 900 TR TE
72358, 1 BIC 96 RIKDFENZRT 35 EHARETY,
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GATK bundle ® GRCh38 U 7 7 L Y Xz FER LIS OXRTHBMEEEEZUTICRLE S,

Table 8: Processing time (GRCh38)

HaplotypeCaller

Input Data BWA MEM (s) Preprocess (s) (s) Whole time (s)
CNR0028192 560.80 174.41 301.99 1037.23
CNR0028194 580.74 178.45 237.08 996.33
Precision FDA 871.58 183.64 259.85 1315.13
challenge V1

HGOO01

Precision FDA 704.07 175.19 246.72 1126.03
challenge V2

HG002

Table 9: SNP (GRCh38)

Input data Precision Recall F-measure F-measure (GATK)
CNR0028192 99.33% 99.35% 99.34% 99.35%
CNR0028194 99.65% 99.19% 99.42% 99.34%

Precision FDA challenge V1 HGO01 98.99% 99.29% 99.14% 99.41%
Precision FDA challenge V2 HG002 99.63% 98.97% 99.30% 99.20%

Table 10: Indel (GRCh38)

Input data Precision Recall F-measure F-measure (GATK)
CNR0028192 98.78% 98.04% 98.41% 94.98%
CNR0028194 99.61% 99.22% 99.41% 99.32%

Precision FDA challenge V1 HG001  98.76% 98.66% 98.71% 98.53%
Precision FDA challenge V2 HG002 99.23% 98.81% 99.02% 98.75%

GRCh38+population-contig TODRE LEE

BER LD, GRCh38 U7 7LV RICK L. 7574 XY FRELBEHICS T2 E FERAOOY I U —RT
DFENTFER DGR Z index DEJL FEHIHS L TWEF$, GRCh38 + population-contig ) 7 7 L >~ X & FH
L7cZEDOETREBEBEZUATORISRLET,
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Table 11: Processing time (GRCh38 + population-contig)

HaplotypeCaller

Input Data BWA MEM (s) Preprocess (s) (s) Whole time (s)
CNR0028192 729.81 181.22 327.43 1238.54
CNR0028194 752.68 177.44 248.47 1178.64
Precision FDA 999.95 189.39 280.97 1470.35
challenge V1

HGO001

Precision FDA 820.99 177.67 250.62 1249.33
challenge V2

HG002

Table 12: SNP (GRCh38 + population-contig)

Input data Precision Recall  F-measure
CNR0028192 99.62% 99.71% 99.67%
CNR0028194 99.79% 99.65% 99.72%

Precision FDA challenge V1 HG001 99.14% 99.70% 99.42%
Precision FDA challenge V2 HG002 99.76% 99.44% 99.60%

Table 13: Indel (GRCh38 + population-contig)

Input data Precision Recall = F-measure
CNR0028192 98.81% 98.25% 98.53%
CNR0028194 99.69% 99.43% 99.56%

Precision FDA challenge V1 HG001 98.85% 98.86% 98.85%
Precision FDA challenge V2 HG002 99.31% 99.01% 99.16%

BEDGRCh38 U7 7L YR T B L. 100 ~ 200 WERITEBDEMAASNZHDD, IRNTOH VT
NCEWTHBEDE EAHSNE LT
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GATK best practice ICEENDYV 7 bz 7HZEELTED, AUTPFHILDOT—I 70— RRIC—HT S
BWRr. SRELRBROMAZ I——ICIREAIEET T,

5%, OYFV—ROT7FU4r— 3 >% Somatic Call N\ORBEZFELTHED X9, £/, XK TOtY
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Appendix
A7 FASTQ
ANT—RITIELLTFRD FASTQ =R L £ LT

Table 14: Input fastq

sub-sampling

Run Name Coverage Total Gbp Type URL factor
CNR0028192 46.1x 138.329 PCR https: 0.722929
(HGOO1) //db.cngb.org/
search/run/C
NR0028192/
CNR0028194 42.1x 126.174 PCR-Free https: 0.79257
(HGOO1) //db.cngb.org/
search/run/C
NR0028194/
PrecisionFDA 53.6x 160.700 PCR-Free https://consol  0.62229
challenge V1 e.cloud.google
HGOO01 .com/storage
/browser/gen

omics-public-
data/precision-

fda/input
PrecisionFDA 41.8x 125.356 PCR-Free https://precis 0.79774
challenge V2 ion.fda.gov/ch
HGO002 allenges/10

GATK t DE#MZ RT3t > 3 >IZHELWTIE PrecisionFDA challenge V1 HG001, PrecisionFDA
challenge V2 HG002, DT —XZEDEFFANL LTAHWVWE LT TNHDT—H% seqkit D sample IX
> RERBWT 100 Gbp 7% 3 & 5IC sub-sampling #TVERE CFEEOFHMEICEAWE LT,

segkit sample -p factor AAFASTQZ 7 JL > HAFASTQZ 71 )L

hg19+decoy

hg19(hs37d5) U 7 7 LY RZUTD URL KD AT >O—RLZEXT, - https:/ftp-trace.ncbi.nih.gov/1000g
enomes/ftp/technical/reference/phase2_reference_assembly_sequence/hs37d5.fa.gz

MTFDITYRTIE1-22, X, Y, MT OFBRBED T —R EEZNUNDT—2%—BRBL. 10T v I XE
RRICOBE LT —RZHSHTTATREFEL LTEMLTWEY, ik ZettaVEGA B D1 > T v
I RERBETT, TAC L LTBMINEREEICT Y TN — RIZUEDIIETIEY Yy TEhih o
b L THRbNET,

segkit grep -n -r -p 'A(X|Y|MT|[1-9])' hs37d5.fa -o hs37d5_pzbwa.fasta
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https://console.cloud.google.com/storage/browser/genomics-public-data/precision-fda/input
https://console.cloud.google.com/storage/browser/genomics-public-data/precision-fda/input
https://console.cloud.google.com/storage/browser/genomics-public-data/precision-fda/input
https://console.cloud.google.com/storage/browser/genomics-public-data/precision-fda/input
https://precision.fda.gov/challenges/10
https://precision.fda.gov/challenges/10
https://precision.fda.gov/challenges/10
https://ftp-trace.ncbi.nih.gov/1000genomes/ftp/technical/reference/phase2_reference_assembly_sequence/hs37d5.fa.gz
https://ftp-trace.ncbi.nih.gov/1000genomes/ftp/technical/reference/phase2_reference_assembly_sequence/hs37d5.fa.gz

segkit grep -n -xr -v -p '"A(X|Y|MT|[1-9])' hs37d5.fa -o hs37d5_decoy.fasta
/opt/pezy/pzwgs/bin/bwa-index -i 8 -d hs37d5_decoy.fasta hs37d5_pzbwa.fasta
samtools faidx hs37d5_pzbwa.fasta

BQSR D vcf 7 7 A ILIZIATFD=2Z=AWE LT

* dbsnp_138.b37.vcf
* 1000G_phase1.indels.b37.vcf
* Mills_and_1000G_gold_standard.indels.b37.vcf

GRCh38

MF®D GATK bundle DU > £, UT 7L > RD FASTA £ BQSR FAD VCF &4 U > O— R LA I
LE L7
https://console.cloud.google.com/storage/browser/genomics-public-data/resources/broad/hg38/v0/
GRCh38 + population-congting ®#Z& 3. £ FEFID Long read ZAWLW = J—ILiERZ W In house @
TRy b ERLTI > Ty I XZEILRLE LT,

BQSR AD VCF 7 71 JLIIA T D=D2ZABAWVWE LT,

* Homo_sapiens_assembly38.dbsnp138.vcf
* Homo_sapiens_assembly38.known_indels.vcf
+ Mills_and_1000G_gold_standard.indels.hg38.vcf

GATK O StrictMath (CDWT DA

Java @ Math 7 5 RIIRBEZBHICLTTZO Y HICISL-aR MR ERATIREL B ->TED, Z0D
;I CPUR VM ICK > TERD T,

GATK |SBUEBISIC Java D Math 7 5 XZ AL TE D FHC log BHORENFER T, C++ X— XA TRET
NTW3 pzHaplotypeCaller L EMRERZEZ—HIE B3 e HEETT,

Java ICBE TN TW3 StrictMath 27 5 X & IEEE 754 @ Recommended Operations (CZE#LL 7= C SED S
17 5UZFERALTVWSD. GATK D Math 75 Xz #EA L TWAEM%Z StrictMath ICEZ#HZ 3L T
GATK OFtEIREZMEIE L. pzHaplotypeCaller L IEL < LEE T 3 Z e M AJREE 2 D £ 9

StrictMath ZEHE T 23HhESME. GVCFE—RTONU 7> bOA—-ILDEET /) L2ETHE~B+DFRD
NDT7> b (NON_REF ZEE) OO—ILERICRELE T,

GATK Best Practice D7—2 70—

HEnt gk & L= GATK Best Practice D7 —2 70—D XY REIZEUTICRLE T,

sample=HG00O1

benchmark_dir=$ (pwd)
result_dir=${benchmark_dir}/result_gatk_best_practice_${sample}
mkdir -p ${result_dir}

cd ${result_dir}

echo run GATK best practice. The results will be in ${result_dir}

# input files
reference_dir=/data/ref/GRCh38/

15


https://console.cloud.google.com/storage/browser/genomics-public-data/resources/broad/hg38/v0/

ref=${reference_dir}/Homo_sapiens_assembly38.fasta
bwa_ref=${reference_dir}/Homo_sapiens_assembly38.fasta
known_sitesl=${reference_dir}/Homo_sapiens_assembly38.known_indels.vcf
known_sites2=${reference_dir}/Homo_sapiens_assembly38.dbsnp138.vcf
known_sites3=${reference_dir}/Mills_and_1000G_gold_standard.indels.hg38.vcf

fastq_dir=/data/pFDA_V1/fastq/
fql=${fastq_dir}/HGOO1-NA12878-pFDA_S1_L0O@1_R1_001.fastq.gz
fgq2=%${fastq_dir}/HGO®1-NA12878-pFDA_S1_L001_R2_001.fastq.gz
read_group="@RG\tID:NA12878\tPL: TEST\tPU: TEST\tLB:TEST\tSM:NA24385\tCN: TEST"

echo "Input,files: ${fql},,.${fq2}"
# output file prefix
prefix=${sample}.GRCh38.cpu
vcf=${prefix}.vcf

# path to tools

bwa=${benchmark_dir}/tools/bwa-0.7.17/bwa

samtools=${benchmark_dir}/tools/bin/samtools

java=${benchmark_dir}/tools/jdk8u402-b0@6/bin/java

gatk=${benchmark_dir}/tools//gatk-4.2.6.1/build/1ibs/gatk-package-4.2.6.1-42-g8c348aa-SNAPSHOT-local
.jar

n_threads=128

#BWA MEM alignment, conversion to bam, sort

${bwa} mem -t $n_threads -Y -M -K 160000000 $ref $fql $fq2 -R $read_group \
| ${samtools} view -buhS \
| ${samtools} sort -@ $n_threads -m 2G > ${prefix}.bam

${samtools} index -@ $n_threads ${prefix}.bam

#mark duplicates

${java} -jar -Xmx30g ${gatk} MarkDuplicates -I ${prefix}.bam -M ${prefix}.markdup.metrics.txt -0 ${
prefix}.markdup.bam --REMOVE_DUPLICATES false

${samtools} index -@ $n_threads ${prefix}.markdup.bam

#BQSR
${java} -jar -Xmx30g ${gatk} BaseRecalibrator -R $ref -I ${prefix}.markdup.bam -0 bgsr.table \
--known-sites $known_sitesl \
--known-sites $known_sites2 \
--known-sites $known_sites3 \

${java} -jar -Xmx30g ${gatk} ApplyBQSR -R $ref -I ${prefix}.markdup.bam --bgsr-recal-file bqgsr.table
-0 ${prefix}.markdup.bgsx.bam
${samtools} index -@ $n_threads ${prefix}.markdup.bgsr.bam

#HaplotypeCaller

${java} -jar -Xmx30g ${gatk} HaplotypeCaller \
--reference $ref \
--input ${prefix}.markdup.bqgsr.bam \
--output $vcf \
--pcr-indel-model NONE \
--emit-ref-confidence GVCF \
-pairHMM FASTEST_AVAILABLE \
--smith-waterman FASTEST_AVAILABLE \
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--native-pair-hmm-threads $n_threads \
--native-pair-hmm-use-double-precision true \
--max-reads-per-alignment-start @ \
--max-prob-propagation-distance 51 \
--minimum-mapping-quality 20
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