Supplementary material

Implementation

PNGSegR is an R package developed to perform Next generation sequencing Bulk Segregant
Analysis (NGS-BSA). The package import NGS-SNP in VCF format, can map genetic loci controlling
both quantitative and qualitative trait with four algorithms, including G-test[1] , empirical Bayes[2] ,
ASNP[3] , and Euclidean distance (ED)[4] , and can prioritize the causal genes by combining with

DEG and GO analysis.

SNP Calling for DNA sequencing data:

We provide linux shell commands to get input files in Variant Call Format (VCF) format from
DNA sequencing data for PNGseqR. The reference genome should be downloaded before running
the shell commands. Several software needs to be downloaded and installed in advance, such as
BWA[5], SAMtools[6], Picard (http://broadinstitute.github.io/picard) and  GATK
(https://github.com/broadinstitute/gatk/releases). First, the reference genome must be indexed

following the command lines:

bwa index -a ${reference genome}

samtools faidx ${reference genome}

java -jar ${picardpath}/CreateSequenceDictionary.jar REFERENCE=${reference genome}

OUTPUT= ${reference genome}.dict

Then, BWA software is used to map sequencing reads to the reference genome following the

command line;

bwa mem -t 4 -M -R ${reference genome} ${fastal} ${fasta2} > ${names}.sam

Then Picard software is used to sort file and convert it into BAM format following the command



line:

java -jar ${picardpath}/SortSam.jar VALIDATION_STRINGENCY=SILENT
INPUT=${names}.sam OUTPUT=${names}.sorted.bam SORT_ORDER=coordinate

Picard is used to obtain unique reads, fix mate information, and add read group information, then

SAMtools is used to establish sequence indexes, the command lines are as follows:

java -jar picard.jar CleanSam INPUT=${names}.sorted.bam
OUTPUT=${names}.sorted.clean.bam

java -jar picard.jar FixMatelnformation INPUT=${names}.sorted.clean.bam
OUTPUT=${names}.sorted.clean.fixed.bam SO=coordinate

java -jar picard.jar AddOrReplaceReadGroups INPUT=${names}.sorted.clean.fixed.bam
OUTPUT=${names}.sorted.clean.fixed.group.bam LB=WH SO=coordinate
RGPL=ILLUMINA PU=barcode SM=WH

samtools index ${names}.sorted.clean.fixed.group.bam

java -jar picard.jar MarkDuplicatesWithMateCigar
INPUT=${names}.sorted.clean.fixed.group.bam
OUTPUT=${names}.sorted.clean.fixed.group_DEDUP.bam
M=${names}.sorted.clean.fixed.group_DEDUP.mx AS=true REMOVE_DUPLICATES=true
MINIMUM_DISTANCE=500, TMP_DIR=${tmp}

samtools index ${names}.sorted.clean.fixed.group_DEDUP.bam

At last, GATK software is used to perform SNP calling, the command lines are:

java -jar ${gatkpath} HaplotypeCaller -R ${reference genome} -1
${names}.sorted.clean.fixed.group_DEDUP.bam -O ${output path}/${names}.gvcf

java -jar ${gatkpath} CombineGVCFs -R ${reference genome} -V ${output
path}/${bulklname} -V ${output path}/${bulk2name} -O ${bulklname} ${bulk2name}.gvcf

java -jar ${gatkpath} GenotypeGVCFs -R  ${reference genome} --variant
${bulklname}_${bulk2name}.gvcf -O ${bulklname} ${bulk2name}.vcf

java -jar ${gatkpath} SelectVariants -R ${reference genome} -select '‘QD > 2.0" -select 'FS <



40.0" -select "MQRankSum > -12.5' -select 'ReadPosRankSum > -8.0" -select 'DP > 20.0" -V
${bulklname}_${bulk2name}.vcf -O ${bulklname} ${bulk2name}.filter.vcf

After running SNP calling, the input file for PNGseqR will be outputted in VCF format.

SNP Calling for RNA sequencing data:

The linux shell commands to get input files in VCF format for PNGseqR are also provided.
The shell commands for RNA sequencing data have a little different from those prepared for DNA
sequencing data. In addition to using SAMtools[6], Picard (http://broadinstitute.github.io/picard)
and GATK (https://github.com/broadinstitute/gatk/releases), Hisat2
(https://github.com/DaehwanKimLab/hisat2) is used to handle RNA sequencing reads.
Firstly, hisat2 is used to mapping RNA sequencing data to reference genome, producing files in

SAM format. The command line for paried-end sequencing data is:

${hisat2path}/hisat2 -x ${hisat2 index} -1 ${fastal} -2 ${fasta2} -S ${output

path}/${names}.sam

The command line for paried-end sequencing data is:

${hisat2path}/hisat2 -x ${hisat2 index} -U ${fasta} -S ${output path}/${names}.sam

Users need to create HISAT2 index from reference genome as follow:

${hisat2path}/hisat2-build -f ${reference genome} ${hisat2 index}

Then, Samtools is used to convert files in SAM format to BAM format, and sort reads by

chromosomes. The output files are in BAM format. Only unique mapping reads are allowed for

further analysis. The command lines are:

samtools view -h -q 50 ${output path}/${names}.sam | samtools view -bS -> ${output



path}/unique.${names}.bam
samtools sort ${output path}/unique.${names}.bam ${output path}/unique.${names}.sort

samtools index ${output path}/unique.${names}.sort.bam

Then picard software is used to add groups for BAM files as follows:

java -jar ${picardpath}/AddOrReplaceReadGroups.jar I=${output
path}/unique.${names}.sort.bam O=${output path}/unique.${names}.GR.bam

RGID=unique.${names} RGLB=A RGPL-=illumina RGPU=nounit RGSM=unique.${names}

At last, GATK software is used to perform SNP calling

java -jar ${gatkpath} -T UnifiedGenotyper -R ${reference genome} -1 ${output
path}/unique.sort.${bulklname}.GR.bam -1 ${output path}/unique.sort.${bulk2name}.GR.bam
--heterozygosity 0.1 -stand_call_conf 50.0 -stand_emit_conf 20.0 -glm BOTH --num_threads 2
-ploidy 2 -U ALLOW_N_CIGAR_READS -0 ${output

path}/${bulklname}_${bulk2name}_snp.vcf

Normally, the SNPs in the VCF file need to be filtered based on the quality of SNPs, the command line
is:

java -jar ${gatkpath} -T SelectVariants -R ${reference genome} --variant ${output
path}/${bulklname} ${bulk2name} snp.vcf -select 'QD > 2.0" -select 'FS < 40.0" -select
'MQRankSum > -12.5" -select 'ReadPosRankSum > -8.0" -select '‘DP > 20.0" --restrictAllelesTo
BIALLELIC --selectTypeTolnclude SNP --sample_name unique.${bulklname} --sample_name
unique.${bulk2name} --excludeFiltered --excludeNonVariants -0 ${output

path}/${bulklname}_${bulk2name}_snp.filt.vcf



Count reads for RNA-seq data:

PNGseqR can perform differential expression analysis, which requires users to prepare reads
count file. DEseq? is the dependent package in this step. Here, we provide a command to calculate
reads count file. This command relies on Htseg-count[7] software, and need mapping file in BAM

format and reference genome in GTF format. The command line is:[1]

htseg-count ${output path}/unique.${names}.sort.bam -f bam ${GTF path} > ${output
path}/${names}.RC.txt

The reads count file containing reads mapped to genes in each sample is produced in this step, and

can be used as the input file for differential expression analysis.

Empirical Bayesian algorithm:

The conditional probability is defined by the equation (Liu et al. 2012):

P(X,.X.|noR)P(noR)
P(X,.X.|noR)P(noR) + P(X,.X,|R)P(R)

P(noR|X,.X.) =

P(noR) is the prior probability that there is no recombination between a randomly selected SNP

and the causal gene in the mutant pool. In contrast, P(R) is the probability that there is
recombination. X1 and X2 indicate the counts of SNP alleles in the mutant pool. Supposing d is
the genetic distance (centimorgans) between a randomly-selected SNP and the causal gene, we can
use Haldane’s mapping function to compute the prior probability that there is no recombination
between the SNP and the causal gene. The function is:

g(d) ={1 —% [1— exp(—2d)]}*"

where N denotes the number of plants in the mutant pool.

For each SNP:
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where pm is the proportion of a mutant allele at the SNP in the wild type pool w,,,. SNPs that

have high values of both P{noR|x,.x.} and P {pm = é ‘Wm,“’) are in close linkage with the

causal gene.
ED power algorithm:

The algorithm ED was first used in MMAPPR (Hill et al. 2013), which used the RNA-Seq data of

two pools to perform BSA analysis, and didn’t require parental strain information:

ED = 'v'll{‘qmu:r = Ape)® + (Cone — Coee)® + (Tonaee — Te )° + (G — Gwr}:,

where each letter (A, C, G, T) corresponds to the frequency of a SNP allele in either the mutant
pool or the wild type pool. In practical experiment, the users need to raise ED to several powers
(ED") to decrease noise (such as ED*). Moreover, this algorithm is applicable to BSA analysis that

uses both RNA-seq and DNA-Seq data.
G’ algorithm:

G is defined by the equation (Magwene et al. 2011):

4
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For each SNP, n, indicates the depths of the reference and alternate alleles in each pool, and i
ranges from 1 to 4 (Table2). obs(n;) and exp(n;) indicate the observed and expected depth

of each allele, respectively. Assuming read depth is equal for all alleles, exp(rn;) could be
calculated as follows:

(n1+n2) + (n14+n3)
(nl +n2 +n3 +nd)

exp(nl) =



(n2 +nl1) * (n2 +nd)

eP(n2) = i 2 ¥ n3 +nd)
3 = (n3 +nl1) * (n3 +nd)
ep(m3) = i 2+ n3 )
(nd +n2) * (nd +n3)

exp(nd) =

(nl +n2 +n3 +nd)

Table2: Per SNP allele frequency table, adapted from Magwene et al. (2011)

Allele High Bulk Low Bulk
Reference nl n2
Alternate n3 n4

A(SNP-index) algorithm:

A(SNP-index) is the difference of SNP frequencies (SNP-index) between two pools (Takagi et al.

2013), the SNP-index in each pool is calculated as:

Alternate allele depth
Total read depth

T - —
SNP-index .qon puar =

and A(SNP-index) is calculated as:
A(SNP — index) = SNP-indexy, 3, — SNP-indexy -

G’ and A(SNP-index) algorithms are applicable for both DNA-seq and RNA-seq data.

Tricubed-smoothed analyses

Nadaraya-Watson kernel regression, a local polynomial regression approach, is used for
smoothing discontinuous variables in PNGsegR [8]; Watson, 1964). This smoothing method gives
larger weight to the statistics of markers that are close to the focal marker. The statistics of

markers are calculated by using the locfit() function of the locfit package, and the window size
should be defined in this step. The Tricube weighting values of all SNPs, k;, are calculated.

Within the window W:



(1-D3)*
E;‘ :‘nw'[:l - D;'g:lg

k=

]

where D is the distance of SNP j from the focal SNP:

D. = distance of j from focal SNFP
iT window size

within a defined window, the parameter D that requires smoothing is multiplied by weighting

value .if_l.- for each SNP.
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