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3.1 Genomic variations

* Types of genomic variations

* Genotyping approaches



Genomic DNA Variation

= variations between the genome of different individuals

Single Nucleotide Polymorphisms (SNPs) = substitutions, short indels
(one to a few nucleotides)

Micro- and mini-satellite expansion and contraction (typically less than
100 bp variation)

Transposable Elements insertion/excision (ranging from ~100 bp to less
than 10 kb)

Segmental Duplications = Low copy repeats (LCRs) (>1 kb- 3 Mb with
similarity >90%) -- include copy number variants (CNVs)

Large chromosomal rearrangements: Mb-range duplication, insertion,
deletion, inversion, translocation (microscopic structural variation)

Changes in chromosome numbers = aneuploidy (typically deleterious)
(microscopic structural variation)



* Types of genomic variation
* SNP
* Indel: insertion/deletion
* Structural variation (SV)
* CNV: copy number variation; PAV
* Inversion
* Translocation: intra-/inter-chromosomal
* Duplication
* Rearrangement
* Methylation



Two main types

* SNP (also small indel)

e Structural variation

* It consists of many kinds of variation in the
genome of one species, and usually includes
microscopic and submicroscopic types, such as
deletions, duplications, copy-number variants,
insertions, mversions and translocations.
Typically a structure variation affects a
sequence length about 1Kb to 3Mb, which 1s
larger than SNPs.



Genotyping approaches

Genome re-sequencing

Targeted sequence capture: Exom¢-SEQ

RAD-SEQ
RNA-SEQ
Environmental (mixed) samples

Cytogenetic detection

— Sequencing




Cytogenetic detection of structural
genomic variation

* FISH

* Array-based Comparative Genome
Hybridization (CGH)



CNYVs detected by fiber FISH

10 copies

12 copies



Array-CGH technology
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* Using this method, copy number changes at a level of 5-10 kilobases
of DNA sequences can be detected. Today even high-resolution CGH
(HR-CGH) arrays are accurate to detect structural variations (SV) at
resolution of 200 bp (Urban et al. 2006).



3.2 SNP calling

 About SNP
* SNP calling



Single Nucleotide Polymorphism

* A Single Nucleotide Polymorphisms (SNP),
1s a genetic variation when a single
nucleotide (1.e., A, T, C, or G) 1s altered and
kept through heredity.

* SNP: Tag SNP

* Mutation

* Haplotype: haplotype block
* (Genotype



SNPs are very common

* SNPs are very common 1n the human
population.

* Between any two people, there 1s an average
of one SNP every 1000 bases.

* Most of these have no phenotypic effect

* only <1% of all human SNPs impact protein function
(non-coding regions)
* Selection against mis-sense mutations
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* Maize: 1 per 48 bp (non-coding); 1 per 131 bp (coding)

* Soybean: 1 per 294 bp

* Arabidopsis: 1 per 3,300 bp
* Cotton: 1 per 100 bp

* Human: 1 per 1000bp
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MALTI-TOF MS: Sequenom, San Diego, CA,
USATaqMan: Applied Biosystems, Foster City, CA,

USAlInvader: Third Wave Technologies, Madison, WI,
USA

SNPStream: Beckman-Coulter, Fullerton , CA, USA
Pyroequencing: Uppsala, Sweden

Illumina: La Jolla, CA, USA

Biotrove OpenArray: Woburn, MA, USA

Array Tape System: Alexandria, MN, USA



Alleles of function related genes: Genetic markers
that are linked to every gene

Population diversity & history

Genetic Association studies in populations

Molecular assistant breeding ...



SNP and mutation

* SNP: Single DNA base variation found >1%
* Mutation: Single DNA base variation found <1%

94% —> CTTAGCTT 99.9% —> CTTAGCTT

6% — CTTAGITTT 01% — CTTAGITTT

) ()
SNP Mutation



Mutations and SNPs
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Major SNP

* A SNP is usually assumed to be a binary variable.

* The probability of repeat mutation at the same SNP
locus 1s quite small.

* The tri-allele cases are usually considered to be the
effect of genotyping errors.

e The nucleotide on a SNP locus is called
* amajor allele (if allele frequency > 50%), or

* a minor allele (if allele frequency < 50%).

94% —> ACTTAGCTT < T:Major allele
6% —  ACTTAGCTC <« C: Minor allele




Haplotypes

* A haplotype stands for a set of linked SNPs on
the same chromosome.

ACTTAGCTT. /—> Haplotype2 . C. A T
T C
)

AATTTGCTC- => Haplotype3 A

(. ) ) )
SNP, SNP, SNP, SNP, SNP, SNP,




Genotypes

In large sequencing projects, genotypes instead of
haplotypes are collected due to cost consideration.

Heterogenous genomic sites
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Problems of Genotypes

* Genotypes only tell us the alleles at each SNP locus.

 But we don’t know the connection of alleles at
different SNP loci.

* There could be several possible haplotypes for the
same genotype.

A G A G

SNP1 SNP, SNP, SNP, SNP, SNP, SNP, SNP,
Genotype data




SNP calling

e With reference
* Genome

* transcripts

e Without reference



The reliability of short read alignment

* Repeats and sequencing errors
* Limited mismatch numbers within a region
* Always report a single alignment

* Fully utilize the mate-pair information of
paired reads

* Produce a consensus genotype sequence
from the alignment inferred from a
statistical model



Finding higher quality SNPs

* Look at the number of reads covering the
position with the SNP and discard those
covered by three or fewer reads.

* Consensus quality 1s important, but SNP
quality 1s more important. Discard a SNP
with a quality score lower than 20.



Challenges of mapping-based
approaches

* Reference genome 1s not available
* Hemi-SNP

* Large size of genomic variation



Genotyping SNP when reference
genome 1s not available

* SNP genotyping a genetic
population/germplasm population...

* RAD-SEQ; RNA-SEQ); ect.



A complex case for SNP
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3.3 Detect structural variations

e PE read-based

* Deletion, insertion, inversion, translocation
* de novo assembly

e Read number-based
 CNV



deletion

mp cea-MiR1435

(Wang et al. 2012)



read ID

Insertion: T-DNA/ Tos17
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T-DHA
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Challenge: perfect mapping but
failure of experimental
validation. CNV?
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(Lief al., 2015, unpublished)



3.4 Application of genome
variations

* Reference genome-based:
* Genetic diversity
* Evolutionary 1ssues
* Artificial selection on crops

* Reference genome-free:
* Genetic diversity
* Molecular markers



Recent advances based on genomic
variations

* The return of population genetics (Lecture
6)

* Intracultivar genomic heterogeneity was
observed

* Intercultivar genomic variation 1s so big



The return of population genetics

* Population genetics

* Molecular population genetics: PCR-based

Molecular population genetics: high throughout-
based

* A bridge between genomics and breeding:
artificial selection

* Breeding theory: genetic diversity, selection
targets/strength, etc.

* A bottom-up approach to find agronomic
important genes



Two approaches to find positive/
adaptive genes

* The top-down approach:

* QTL and LD mapping: from phenotype to
candidate genes then molecular population
genetics for signature of adaptation

* The bottom-up approach:

* From molecular population genetics for signature
of adaptation to candidate genes then find its
function/phenotype



The effects of demography

e The effects of domestication bottleneck on
genetic diversity

Meutral gene Selected gene

el Domestication bottleneck =
g L J l 2 ,,JJ domestication selection +

DOMESTICATION | S @ o # Ty A
DOMESTICATE ﬂ ( :IE w demO graphy effect
DNA diversity:

__ 7t (Tayima 1983)
(Whitt and Gaut 2005) §) (Watterson | 975)



From the bottom up: Molecular
population genetics

e Theoretical 1ssues

* Amount of diversity
Reduction of nucleotide diversity

* Frequency distribution of polymorphisms

Selection skews the population frequency of genetic
variants relative neutral equilibrium model (NE)
expectations

An excess of rare variants relative to NE expectations

Or, with recombination, an excess of high-frequency
derived (non-ancestral) mutations

* Degree of association between
polymorphisms/linkage disequibrium (LD)

Selective sweep increase LD



Intercultivar variation is so big

* A maize pedigree:

* Laietal. 2010, Genome-wide patterns of
genetic variation among elite maize inbred
lines. Nature Genetics
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Annotation of large-effect SNPs

HEAT

WD40 repeat

NE-ARC

Tyrosine protein kinase

RMA recognition motif, RMNP-1
Leucine-rich repeat, N-terminal

Leucine-rich repeat

Serine/threonine protein kinase-related

10 15
MNumber of SNPs per Kb




Numbers of PAVs relative to the
B73 reference genome

* 296 high-confidence genes in B73 that were
missing from at least one the six inbred
lines.

* One large deletion between Mol7 and B73:
~2Mb with 24 genes




Intracultivar genomic heterogeneity
was observed
* A same phenotype for individuals from a
cultivar

* A reference genome of soybean (William
82): Haun et al. Plant Phiso., 2011



The composition and origin of
genomic variation among individuals

of the soybean reference cultivar
Williams 82

* Haun et al. 2011, Plant Physio.

* Wilhams 82: a Williams X Kingwa BCF,
generation



SNP genotyping (SNP chip) reveals the
parental origins of Williams 82 genetic
heterogeneity
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Mon-polymorphic SNPs
®» SNPs maltching Williams parent
® SNPs matching Kingwa parent
SNPs matching neither parent




Structural variation (CGH) within
regions of heterogeneity between
two Williams 82 individuals
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Exome resequencing reveals gene

content variation between two
Williams 82 lines
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A model for the origin of genomic
heterogeneity in two Williams 82
lines
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Implications for the Williams 82

and other plant genome sequences

Within regions of genetic heterogeneity, the reference
sequences consist of a mosaic of the Williams and
Kingwa haplotypes.

Researchers investigating comparative studies of
soybean that include Williams 82 as a reference genotype
must factor in the inherent differences between each
Williams 82 individual and the reference genome
sequence.

Similar considerations will need to be made for a variety
of comparative methodologies, such as RNA-SEQ data.

Similar circumstances may apply to the utility of other
plant genome sequences



