High quality reference genome assembly and annotation
Introduction
High-quality reference genomes, the keystone of modern genomics, are distinct from draft genomes due to their completeness, contiguity,
and high percentage of bases assembled into pseudo-molecules1. Such high-resolution assembled genomes will enable the accurate
identification of genomic components like genes, centromeres and intergenic regions.This is easily achieved for organisms with small
genomes like viruses and prokaryotes, but the large size and complexity of eukaryotes, for example plants with large genome size and
different ploidy levels, make it a difficult goal to accomplish. Notwithstanding the many rounds of sequencing and refinements, the
current version of the rice reference genome, perhaps the most studied plant genome, still shows hundreds of gaps, mainly in complex
regions like centromeres and telomeres.
Genome sequences provide essential resources for enabling research, development and application in the life sciences. High quality,
accurately annotated reference genome sequences are key resources that can be employed for discovery and analysis of genetic variation and for linking genotypes to function. Genome sequences provide essential resources for enabling research, development and
application in the life sciences. High quality, accurately annotated reference genome sequences are key resources that can be employed
for discovery and analysis of genetic variation, for linking genotypes to function and for the development of panels of single nucleotide
polymorphisms (SNPs). They help in the dissection of complex traits including responses to biotic and abiotic stresses. A wide range
of comparative genomic and evolutionary studies can be performed, for example the identification of large structural variations, linkage
blocks, genes, and alleles.

Technology platforms and combinations offered by AgriGenome

Short read sequencing by Illumina
Short read sequencing is excellent for generating high quality deep
coverage for small to large size genomes. However, short read lengths
have limitations in resolving complex regions, especially those with
repetitive or heterozygous sequences. We use various Illumina
sequencing platforms for short read sequencing such as HiSeqX,
HiSeq4000, and HiSeq2500. They produce short reads of 50 to 150 bp.

Long read sequencing
We use PacBio2 Sequel system and Oxford Nanopore Technologies3,4 devices
(MinION/GridION/PromethION) to generate long reads for Whole
Genome Sequencing (WGS). PacBio Sequel system, based on Single
Molecule Real-Time (SMRT) Sequencing technology, can generate up to 20 Gb per SMRT Cell with average read lengths up to 10 kb and
high consensus accuracies (>99.999%). High-quality whole genomes can be generated within a short period using the PacBio Sequel
system. Nanopore sequencers can produce long reads with median and maximum read lengths of 6 kb and 60 kb respectively.

Linked read sequencing using Chromium by 10x Genomics
Linked read technology using (Chromium) by 10x Genomics enables us to explore and characterize intracellular heterogeneity. It
enables diploid genome assembly and phased genome assembly and resolves structural variation, nucleotide variants and reveals
maps of the genomic landscape.

Technologies to improve genome contiguity
Hi-C
Hi-C5 (Dovetail & Arima) method is used to study the 3-D architecture of genomes, which helps unveil the 3-D folding of chromosomes
and arrangements of distant functional elements such as promoters and enhancers and ultimately, the relationship between chromosome organization and genome activity. Hi-C produces sequencing-ready libraries and high quality Hi-C data (on Illumina) that help to
build chromosome-level assemblies.

Bionano optical mapping
Bionano uses optical maps generated by fluorescent-labeled ultralong DNA molecules of >150 kb in length. A de novo optical map
assembly can be compared to a DNA sequence assembly and can be used for correction of mis-assemblies, stitching of scaffolds and
correction of incorrect assembly of contigs in highly complex areas of the genome. Bionano’s next-generation mapping combines
proprietary NanoChannel arrays with optical mapping to image extremely long, high-molecular-weight DNA in its most native state6.
Optical mapping also enables structural variation detection with high sensitivity and generates highly contiguous genome assemblies.

Deliverables
Item

Description

Raw Data

Raw data files in the respective formats like fastq, fasta, fast5 and bnx

Assembled genome

Nucleotide sequence file of the assembly in fasta format

Repeat information

The classes of repeats identified and the coordinates on the genome

Predicted gene coordinates

Genes and their coordinates in gff format

Functional annotations

Genes and their functional details in tabular format

Data analysis strategies at AgriGenome
Genome assembly is done at various levels
depending on the sequencing platforms used
and the specifications of the genome under
study. The strategies are well explained in a
research article from our groups on the
reference genome of the Indian Cobra7.
Analysis pipelines at AgriGenome employ a
combination of various tools and databases
to achieve the best quality genomes. Our
in-house pipelines and tools to iteratively
improve gene models and predict genes are
capable of annotating all the genes in the
genome and identify the best possible
functional characterisation of them with
optimum specificity and sensitivity. The
checkpoints in the pipelines make it possible
to evaluate each result and fine-tune the
experimental settings to generate the best
assembly and annotation outcomes.

Hybrid Assembly

10x Chromium Assembly

Paired-end (multiple libraries)+
mate-pair (multiple libraries)+ long read

An assembly will be built from
the 1Ox Chromium reads

HiC Scaffolding
Next round of scaffolding using HiC data

Bionano Scaffolding
Next round of scaffolding using
optical map data

Repeat Masking
Identification and masking using
known models

Evidences
RNA-seq/EST/lsoSeq data is
supplied into gene prediction

Gene Prediction

Gene Modeling
De novo identification of novel
gene models

Prediction of gene coordinates using the
known models

Gene Annotation
Function identification of the genes using
homology search methods

Adapter Trimming
Read Alignment

Applications
Identifies nucleotide variants within species which help to study
Genotype-Phenotype relation.

●

Population screening, linkage mapping and QTL identification.

●

Study genetic drift and evolutionary divergence between species.

●

Variant annotation and functional elucidation of the pathways.

Read Sorting
Duplicate Removal

●

Reference-based mapping

●

Variant calling information

●

Variant annotation

●

Comparison between samples (if required)

Variant Filtering
Variant Annotation
Final Report

Variants
Annotation

Raw data quality control and length filter

Variants
Discovery

Variant Calling

Bioinformatics Analysis
●

Data Pre-processing

Whole genome re-sequencing

●

Repeat Modeling
De novo identification of novel
repeat models
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