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Developing Genomic Resources: Interdisciplinary Research 

Pazhamala et al. (2015) Front. Plant Sci. 

Challenge: 

- Integrating knowledge from various disciplines in a seamless manner 

- Developing & Incorporating Diagnostics tools into Analyses 



Poland and Rife (2012) The Plant Genome 

Molecular markers:  
central to ǲgenomic resourcesǳ and ǲgenetic analysesǳ  



Maheswaran (2004) Advanced Biotech 

First generation molecular markers 
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First generation molecular markers 
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Second generation molecular markers 
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Second generation molecular markers 



http://www.illumina.com/Documents/products/appspotlights/app_spotlight_ngg_ag.pdf 

Sequencing-based Genotyping methodologies 

Sequencing-based genotyping 
- Skim sequencing (no genome reduction)  - SNP chip arrays 
- Enrichment/target capture/hybridization-based -Transcriptome sequencing 
- Restriction enzyme methods (RE-GBS, RAD-Seq, ddRAD-Seq) 
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Poland and Rife (2012) The Plant Genome 

Advantages of Genotyping by Sequencing 

1) Sequences predetermined areas of genetic variation over many 
samples as far as:    
 -reference genome  -high-diversity samples   
 -finely tuned coverage across multiplexed samples) 
 

2) Reduces ascertainment bias compared to arrays 
 

3) Identifies variants other than SNPs (i.e. small insertions, 
deletions, and microsatellites) 
 

4) Provides a low cost per sample ($24/sample) 
 



Poland and Rife (2012) The Plant Genome 

GBS pitfalls 

1) Issues with erroneously calling heterozygotes as homozygotes (low coverage 
sequencing):  - Increase sequencing depth  - uniform coverage of loci 
 

2) Lots of missing data:  
- Error in de-multiplexing/barcodes (substitution/indels errors) 
- Coverage not uniform across loci: optimize protocol (e.g. digest, size selection) 

 
3) Repetitive sequences and paralogs introduce genotyping errors.  

- Exclude unusable repetitive sequences before sequencing (cost effective). 
- Develop algorithm to filter out paralogs 

 
4) Imputation is still challenging 
 - Imputation not require with our new protocol 
 - Mating design powerful for improving imputation and phasing 
 

 



GBS pitfalls 

Other technical issues not particularly due to GBS: 
 - illumina sequencing error 
 - chloroplast contanimation 



Outline: New GBS pipeline 

1) Pre-library prep:  

 *DNA quality check   *select enzyme combination 
 *barcode/adapter design  

 

2) Library prep:  

 *double digest  *adapter/barcode Ligation   *size selection 
 *PCR amplification  *Illumina sequencing 

 

3) SNP calling (GATK-based pipeline):  

 *pre-processing reads (trimming low quality, de-multiplexing)   
 * Align to reference genome   *call SNP genotypes   
 *filtering for high confidence/quality SNPs 



GBS Principles 

- De-multiplex pooled samples 
with barcodes. 

- Additional barcode on 
common/reverse adapter can 
increase plex-levels  

- Double digest more efficient. 
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Pre-library prep: DNA quality check 

1) Visualize DNA on agarose gel: ǲno smearing and no RNA is goodǳ 
2) Assay like ǲpicogreenǳ should be used for DNA quantification. 
3) Ensure DNA is in low EDTA buffer 



Pre-library prep: select enzyme combination 

Significance of enzyme 
combination choice: 
 

- contamination of library 
with chloroplast DNA. 
 

- leads to low proportion of 
reads matching reference 
nuclear genome. 

Yan et al. (2015) PLoS One 



Pre-library prep: in silico digest 

Minimize fragments from chloroplast in library. 

TseI/CviAII PstI/MspI

50 61,052 4,753

100 111,367 8,954

150 150,800 12,714

200 182,895 16,126

250 207,110 19,183

300 227,133 22,188

350 243,264 24,883

400 256,128 27,349

Total number of Fragmentswindow size 

(from 160 bp)

1 copy of chloroplast genome 



Pre-library prep: barcode/adapter design 

Sequence primer

1) Index barcode to increase plex-level (not very efficient). 
2) Barcodes designed to destroy cut site upon ligation. 
3) Secondary digest to eliminate chimeric ligation products. 



Pre-library prep: buffer sequence 

- 12 bp buffer sequence upstream of barcode  
- Absorb inflated error at beginning of illumine reads 
- Ensures nucleotide diversity crucial for good quality reads 



Pre-library prep: barcode sequence 

- Variable length (6-9 nt) barcode (designed with R-script) 
- Accounts for substitution and indel errors (edit/levenstein distance) 
- Better than Hamming distance (only substitution error) 
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Library prep: Library prep 

*double digest  

 

 
*adapter/barcode Ligation  

 

 

*size selection  

*PCR amplification  

 

*Illumina sequencing 



Library prep: double digest 

1) Easy absorbance-based DNA quantification 

2) Double digest 

3) MagBead clean-up 

4) Normalize samples by ǲflorescence-based Picogreen 
quantificationǳ before ligation. 



Library prep: Ligation 

1) Ligate barc0ded adapter to each normalized sample 

2) Pooled samples on plate-by-plate basis 

3) Perform secondary digest on pooled samples to eliminate chimeric fragment, 
which will not align/match to reference genomic sequence 

 



Library prep: Pippin Prep size selection, PCR and cleanup 



Library prep: Pippin Prep size selection, PCR and cleanup 

PCR on ligated fragments MagBead clean-up 
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SNP calling: GATK 



SNP calling: pipeline 
1) Quality check on raw reads (FASTX toolkit) 

2) De-multiplex (FASTX toolkit) 

3) Trim off barcodes and low quality bases (FASTX toolkit) 

4) Index reference genome (BWA and SAMtools) and Create sequence dictionary (Picard tools) 

5) Align short illumina reads from each sample (BWA) 

6) Convert output SAM file to BAM file (Picard tools) 

7) Produce statistics on alignment (SAMtools) 

8) Mark duplicates (Picard tools) 

9) Sort BAM file (Picard tools) 

10) Add group header information to each BAM file (Picard tools) 

11) Index the resulting BAM file (SAMtools) 

12) Re-assign quality scores if scale not matched to GATK scale (GATK) 

13) Indel re-alignment (GATK) 

14) Call variants using HaplotypeCaller (GATK) 

15) Data filtering (VCF tools) 

16) Summary boxplot/beanplot (R) 

 

Tools: 

- FASTX toolkit 

- BWA 

- SAMtools 

- Picard tools 

- GATK 

- VCF tools 

- Packes in R software 

 



SNP calling: quality check (QC) 



SNP calling: De-multiplexing 

De-multiplex : 
Mismatch ≤ 0 86.9 % of reads recovered 
Mismatch ≤ ͕ 97.5 % of reads recovered 
 
Demultiplex based on 12 bp buffer sequence 
Mismatch ≤ ͔ 48 % of reads recovered 
Mismatch ≤ ͕ 67 % of reads recovered 



SNP calling: Trim reads 



SNP calling: Index reference genomes and alignment 

Eserman et al. (2014) 

American Journal of 

Botany. 

 

- Whole chloroplast 

genome 

sequencing 

 

- 29 morning glory 

species 

 

 



SNP calling: reference genomes and alignments 

• Alignment of reads to nuclear and chloroplast genome: 
- Average match to nuclear genome   -> 90.8 % 
- Average match to chloroplast genome   -> 11.2 % 

 
- nuclear plastid DNA-like sequences (NUPTs) probably account for overlap 

Samples M9; M19 M9; M19 

Reference genome Trifida Triloba 

% of reads matching reference 90.98; 90.87 93.71; 93.60 

Number of Sites 68,411 66,563 

Proportion Missing 0 0 

Proportion Heterozygous 0.719 0.727 

Genetic distance 0.5142 0.5140 



SNP calling: reference genomes and alignments 



Uniform read depth across SNPs and samples 

Read depth Number of SNPs

1 190,369

2 139,990

3 113,492

4 94,611

5 80,074

After filtering 27,761



VCF file format 



Processing VCF files with VCFtools 

1) Recode SNPs as missing if read depth is below threshold. Also, if SNP has too 
many reads, recode as missing (probably a paralog):     
  - Diploid = 5 reads  - Hexaploid = 30 reads 
 

2) Filter based on missing data: No more than 20% missing 
 

3) Decide if markers should be strictly bi-allelic. Also decide if you want to retain 
indels. 
 

4) Extract genotype calls, read depth and alleles from VCF file. 
 

5) Determine segregation ratio for SNPs and use this parameter to clean up data 
for SNPs that have segregation distortion (polySegratio: R-package). Data is 
ready for statistical analysis.  



Utility of GBS SNP markers 

1) Diversity study 
 

2) Linkage disequilibrium and re-constructing haplotypes 
 

3) Constructing genetic linkage map 
 

4) QTL analysis 
 

5) Association mapping: 
 

6) Genomic selection 



Linkage Maps Construction 

1) Recode data to match coding nomenclature of software 
(JoinMap) 

2) Create dummy loci to capture all possible linkage phase 

3) Group markers into 15 groups matching Trifida chromosomes 

4) Group markers with right matching linkage phase 

5) Order SNP markers 

6) Evaluate map with plot of pairwise ǲrecombination 
frequencyǳ and ǲLODǳ to detect problematic markers 

7) Correct linkage map 

 



M9 xM19 Linkage Maps 

Linkage Group M9 M19 

# markers map length 

(cM) 

# markers map length 

(cM) 

1 246 151 228 118 

2 200 132 158 92 

3 195 119 174 95 

4 131 111 117 80 

5 144 104 166 84 

6 161 98 212 90 

7 170 95 183 79 

8 218 94 225 100 

9 142 86 124 70 

10 169 86 191 78 

11 117 79 158 90 

12 53 72 81 69 

13 175 69 187 81 

14 47 48 36 38 

15 24 26 20 20 

Total 2192 1,370 cM 2260 1,185 cM 

  

Genome coverage 322,659,957 bp 

(322.7 MB) 

% of genome coverage 60.65 

# of Scaffolds 279 

# of SNPs 3221 
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