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Background Practical Conceptual Challenges
and Basics Example Activity and
Solutions



Fine mapping and cloning is a
method for identifying causal
genetic variants driving
phenotypic variants

This allows for precise
selection for desirable traits
in the breeding germplasm



Application: An example of traditional wheat breeding in Northeast

Variety Y
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«'v MARKER ASSISTED SELECTION [————— = "—"—"——"——— \
~
A Cross F1 F2 F3 F4 F5 F6:7 F8+ Purify Release
o—o—o ® ® 10-15% ® ® 1-5lines ® ® Py
GH GH HR Plot Elites Regional Crop Imp. Farm
YEAR 1 YEAR 2 YEAR 3 YEAR 4 YEAR 5-6 YEAR 7+ 2-3 YEARS
PHENOTYPES
. HD, Mildew +FHB
He(;ght Lodging, Height HD, Mildew
Lodging : :
But you need to know the Visual Pref PHS Lodging, Height
e isual Preference Yield, TWT PHS
gene region in order to genotype . ol
accurately select for the TWT Moisture Yie . TWT
Variety Y gene contributing HD Moisture

to the phenotype

Disease, PHS *If naturally occurring



Genetic linkage analysis

Use statistical probability to test whether a phenotype is
associated with a genetic marker by chance or because the
phenotype’s causal variant and the genetic marker are closely

located in the same genomic segment
* The phenotype is something you can measure: disease

susceptibility, grain weight, gene expression, etc.
* The resolution of the linkage analysis is limited by the
distribution of the genetic markers and position of

genetic recombination events

Correlation

Causation

Definitions of key concepts

Positional cloning
Based on the physical position of genetic sequence on
chromosome, identify the gene and characterize the causal
variant base pair(s) responsible for the phenotype

* Create a perfect marker for screening breeder’s

germplasm
* \Vector based cloning system
* DNA targeting tools such as the CRISPR-Cas9
system can facilitate more rapid introgression



The logic of mapping a gene
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A brief history of mapping
and cloning genes

Dr. Fred Sanger invents method
for sequencing DNA- mapping

The genomes is now possible
structure of '
DNA is
determined

1953 1966 1977

Codon sequences
specifying the 20
amino acids are
established

First plant genes cloned,
promoters characterized,
regulatory regions identified,
primarily in Arabidopsis and maize

First patent
application submitted
for CRISPR-Cas9
technology

80s-90s 2000s 2012

Positional cloning based on linkage
analysis grows with the rapidly decreasing
price of genome sequencing and
availability of reference genomes

Experiments verify that plant DNA is similar
to other organisms and can be manipulated
using the same enzymes, cells and vector
systems tested in other eukaryotes Sources & recommended reading

Goldberg, Plant Physiology, 2001
The Gene, Siddhartha Mukherjee



http://www.plantphysiol.org/content/125/1/4
http://www.plantphysiol.org/content/125/1/4
https://newcatalog.library.cornell.edu/catalog/9447718

Practical
Example
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QTL mapping a PHS tolerance gene

Tolerant _ Susceptible

Identifies statistical association of
the phenotype with the genotype

LineY Line Z
Cross F1 F2 F3 F4 F5 F6:X
*—0© @ o @ @
GENOTYPE + PHENOTYPE QTL MAPPING package to use in R
200-400 F2 Derived RILs Chrm 1A
Recombination,
Heterozygosity, PHS Score cf)
Homozygosity EX: Progeny 27 Multiple Reps/Env e
== M Marker Pos
) “ I I II !! k&\ Chrm 2B
—— N
\\\ I D
N i p— Tolerant Susceptible 9
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Marker Pos



QTL mapping a PHS tolerance gene

. Identifies statistical association of
Tolerant _ Susceptible the phenotype with the genotype
Line Y Line Z

Cross F1 F2 F3 F4 F5 F6:X

*—0—© ® @ @ @
GH GH HR Plot/HR Plot/HR

GENOTYPE + PHENOTYPE

QTL MAPPING

BM BN BO BP BQ BR BS BT BU BV BW BX cG cL M CN co cp (o
1 |A43_4A_1A12618_4A12257_4AT863_4AA3343_4A A26051_4A25624_4 A19350_4 A471_4A_ AS09_AA_A273_AA_A292_4A_A10491_A4A7946_AAA7575_4AA1512_4APrimerl Primer2 A11335_4A3059_4AA11702_4A11329_4A12321_4A12683_4A13603_4A13101_4 A4615_4A A10545_4 A10092_4 AS00_4A_ A28
2 |28 28 28 28 28 28 28 28 28 28 28 28 28 28 28 28 28 28 28 28 28 28 28 28 28 28 28 28 28 28 28
3| 58022 59.584 60.477 63.012 6583  68.08 68.844 70.954 72.651 74.483 194.499 202.802 218.457 241.042 246.52 261918 266.194 270.545 271.802 272.827 274.658 275.423 276.982 277.107 278.264 279.689 280.846 281.871 282.376 284.765 28
4 15 0.5 0.0 0.1 0.5 0.4 0.0 0.1 0.1 0.8 42 0.4 0.3 0.7 0.0 0.1 0.3 0.2 0.2 0.1 0.1
5 A A A A A A A A A A A A A A A A A A A A A A A A
6 A A A A A A A A A A A A A A
7 A A A A A A A A A A A A A A
8 H A A A A A A A A A A
A
A



Fine mapping the 2B QTL

Cross F1 F2 F3

*—0—0—9©
GH GH

1000s F2 Derived RILs

Recombination,
Heterozygosity,
Homozygosity

7
e
7
e
s
e
s
e
s
s
s
— — B
= = ¢
N
N
AN
N
N
AN
N
N
N
AN
N

GENOTYPE + PHENOTYPE

FINE MAPPING



Why does the mapping population size matter?

* There are only 1-3 crossovers per chromosome per meiosis

* The chance that a crossover happens somewhere informative for fine
mapping the QTL decreases as we zoom-in!

* A larger population can better measure the variability of the phenotype

QTL >
Not a useful crossover for fine-

I | ping the QTL

Why does the mapping population structure matter?

* Biparental (generally)

Select for heterozygosity =
CO provide finer resolution of the QTL -
heterogeneous inbred families (HIFs)




Conceptual
Activity



Step 1: which varieties are PHS tolerant/susceptible?

PHS Tolerant < —>

[HANDOUT 1: VARIETIES]
McMaster & Derera et al., 1976



Step 1: which varieties are PHS tolerant/susceptible?

AAAAAAAAAAAAAAA

Tolerant B Causal

AAAAAAAAAAAAAAA Variant

\\\\\

Susceptible \\ 2B

[HANDOUT 1: VARIETIES]



Genetic resolution can be a limiting factor

* Distribution of genetic

markers (ie. SNP)

* Polymorphism

 Crossovers

I (+) causal variant

[ | (-) causal variant

200 Mbp
: \
A ABBB
VS
A A A B B
sequence
Parent 1: C-
Parent 2: T-
Trait sequence
(+) | — | | |
(+) | — | |

(+) I |



Step 2: order the lines into groups
based on genotypes

100 Mbp 200 Mbp 300 Mbp 400 Mbp 500 Mbp 600 Mbp 700 Mbp
SNP SNP SNP SNP SNP SNP SNP

B B B B A A A Do lines have similar

/ recombination events?
Recombination event

(crossover event) , ,
Can the recombination events be ordered

along the chromosome?

We suspect AAA lines to be tolerant and the BBB lines to susceptible
but we don’t know yet the about the recombinants

[HANDOUT 2: GENO]



Step 3: combine geno/pheno data

Environment A Environment B

Frequency
Frequency

n = 3,987 |n3'871
5 6 7 8 4 5 6 7 8

0 1 2 3 4 0 1 2 3
PHS Score PHS Score

The handout is only looking at a small subset of these 4,000 progeny

Write the phenotype per line on the ordered genotypes strips

[HANDOUT 3: PHENO]



Step 3: combine geno/pheno data

ANDL T ‘ H ‘ ~ v Jx ‘ ‘ A

A El AK AL AM AN AD AP aq. AR AS AT AU AV AW Ax AY Az BA EE] BC BD BE Ei BO. BR BS BT BU B BY B
1 151,657,263 153,223,783 153,586,336 154,252,949 154,270,857 | 158,618,787  158,622.113 158,624,647 159205657  150,892.498 172,687,314 175640531 178,761,042 180555421 181,609,374 184,366,025 184,403,048 184,512,531 184,661,786 | 269375959 BCIFS BCIFS BCIF6 BCIF7  BCIF7 | BCIFS  BCLFB | BCLFY I
2
3
2 36 25 23 22 32 37 NA 3
5 22 26 37 55 NA NA NA 66
3 32 30 29 58 16 82 78 NA
7 08 38 53 56 50 NA NA 54
8 28 38 57 44 64 52 20 74
3 18 34 25 30 22 48 NA 16 B
wf 12 14 23 14 03 44 44 a4
1 26 08 23 18 a4 46 40 26
128 36 38 6.1 34 40 80 66 76
13 22 46 57 50 a4 72 36 NA
14 40 32 47 54 50 82 74 NA
15 20 27 25 28 &5 7.0 20 NA
16 30 06 19 02 06 56 16 34
17 24 3.4 3.1 52 62 28 72 72
18 36 24 NA 24 06 70 50 38
19 20 21 21 38 26 20 74 a2
20 NA 35 29 28 60 NA NA 25
21 E 28 23 23 32 39 20 28 28
2 El 38 32 57 22 54 74 58 5
23 Bl 22 22 29 31 23 72 66 3
2 32 58 29 36 06 38 20 5
25 26 28 57 26 36 50 64 4
26 [0 — 5.0 54 67 66 38 456 NA 75
27 14 28 28 46 35 68 NA 22
28 B | 28 22 45 38 24 7.8 NA 66
2 B ] B B ] B B B B ] B 20 32 65 54 60 68 58 66
30 B ] B B ] B B B B ] B NA 26 23 34 23 76 72 28
E B ] B B 8 B B g B ] g 38 44 47 52 58 60 82 78
32 B 8 B B 8 B B ] B 8 B B 26 32 437 42 34 86 NA H
33 B 8 B B 8 B B ] B 8 8 B B 20 50 53 28 53 2.0 60 NA
32 B 8 B B 8 B B ] B 8 B 10 14 EX 28 38 50 NA 38
3 BC1F5-409(HR) B 8 B B 8 B B ] B 8 B B 18 28 21 28 22 6.0 54 36
36 BC1F5-674(HR) B 8 B B 8 B B 8 B 8 B 20 28 a7 56 386 22 NA 84
37 BC1F5-183(HR) B 8 B B 8 B B 8 B 8 B B 22 22 25 46 30 NA NA 62
54 BC1FS-S00(HR) B E B B E B B E B E 8 B 14 24 25 30 02 22 56 6
55 BC1FS-588(HR) B 8 B B ] B B El B 8 El B 14 22 33 24 23 60 54 6
56 1405-5 BC1F5-132{HR) B ] B B ] B B El B ] El B B El B B 8 B - 8 B B 32 25 53 70 27 74 72 68
57 0968-1 BC1F5-88(HR) B 8 B B 8 B B El B 8 El B B El B B 8 B B 8 B B 32 35 53 60 25 62 NA NA
58 |0752-4 BC1F5-211(HR) B 8 B B 8 B B El B 8 El B B El B B 8 B B 8 B B 22 39 ) 54 a7 NA NA 28
58 |0752-2 BC1F5-365(HR) B ] B B ] B B E B ] E B B E B B ] B B ] B B 06 22 59 28 33 80 62 NA
50 |0035-3 BC1FS-139(NR-cal) B ] B B ] B B B B ] - B B B B B ] B B ] B B 44 6.2 57 52 18 NA NA 74
61 16 02 37 26 34 3.0 22 2
62 22 10 15 18 28 16 14 24
&3 18 22 53 06 06 45 18 26
5 18 04 18 NA 25 28 30 2
&5 26 20 33 22 02 46 08 32
6 | cayuga 12 16 31 04 18 17 10 1
&7 Caledo Caledonia B ] B B H B B g B ] g B B g B B 8 - H ] B B 32 54 29 24 42 8.4 NA 75
8 |Caledo Caledo - - - - - - - - - - - - - - B B 8 B B ] - - 28 50 53 42 72 52 60 2
9 |Caledo Caledonia B ] B B 8 B B g B ] g B B g B B 8 B B ] B B 38 20 65 72 54 74 74 28
70 |Caledo Caledo B E B B E B B E B E E B B E B B E B B E B B 52 68 71 54 38 70 82 2
71 Caledo Caledonia B ] B B E B B 8 B ] E B B 8 B B E B B ] B B 22 68 51 55 76 80 76 86
72 1805-1 BC1F5-627(NR-cay) - H - B 12 13 19 26 39 20 NA NA
73 |1887-2 BC1F5-822{NR-cay) - B - E B B ] B B ] B B 16 13 39 28 25 16 34 NA




Step 4: examine the progeny’s geno/pheno

* What phenotype pattern do you see in association with the
genotypes? Which haplotype is always susceptible? Tolerant?

* Can you identify where there is a critical crossover event? Highlight
the two flanking genetic markers.

[HANDOUT 3: PHENO]



Recombination event
100 Mbp 200 Mbp 300 Mbp 400 MbpV500 Mbp 600 Mbp 700 Mbp

Phenotype SNP SNP SNP SNP SNP SNP SNP

6 B B B B A A A

Having Cayuga .markers (A) up until 1 A A A A €—x n =B

700Mb results in a Cayuga PHS Tolerant > A A A A A A 5
phenotype (1,2)

1 A A A !B B B B

Same effect: up to 400Mb > A = 5 B B B

Recombination event between 100-200Mb 8 B A A \A A A A

shows either a Tol or Susc phenotype 2 B A A A A A A

) 2 A B B B B B B

Suggesting that a gene between 100- 1 AHB B B B 5 B

200Mb is associated with PHS tolerance R A Is B B B B B

P

However, we currently do not have enough markers in that region to see which
gene in the region provides tolerance



Step 4: examine the progeny’s geno/pheno

* What phenotype pattern do you see in association with the
genotypes? Which haplotype is always susceptible? Tolerant?

* Can you identify where there is a critical crossover event? Highlight
the two flanking genetic markers.

* You don’t have the resources to phenotype everything - so pick only
the lines that have a crossover between to critical flanks or are
heterozygous



Designing genetic markers

We want to zoom in on the sequence
between the critical flanking positions ...
...AKA identify positions where we can
design genetic markers!

Useful genetic markers are both:
 Polymorphic for your parent lines
 Chromosome specific (and genome specific for polyploid species)



Designing genetic markers

* We put our resources into developing 10 new genetic markers
between the critical flanking positions

Allelic Discrimination Plot

Quick how-to for KASP markers: E 5
After you ID a polymorphic & site Use tools like Oligo-Calc and Test the markers- 3 primer
specific SNP, ie. 90K, grab sequence NIH Primer Blast to optimize fluorescent system detects

surrounding SNP from reference genome primer design alleles A, B and AB


http://biotools.nubic.northwestern.edu/OligoCalc.html
https://www.ncbi.nlm.nih.gov/tools/primer-blast/

Step 5: the mapping process is iterative

* We genotype the progeny of the plants we advanced with the 10 new
markers and measure their PHS phenotype

* Look at your new results - what phenotype pattern do you see in
association with the genotypes? Which haplotype is always
susceptible? Tolerant?

e Can you identify where there is a critical crossover event? Highlight
the two flanking genetic markers.

[HANDOUT 4: GENO+PHENO]



Step 6: prioritize list of genes

A: Look at the polymorphism between your parental lines in the EcoTILLING browser.
Prioritize genes that have truncation mutations or changes with negative BLOSUM 62 scores in
conserved regions (THIS CAN MISS REGULATORY DIFFERENCES)

B: Look within expression databases for the expression profile of the genes.
expVIP WheatExp Wheat eFP
Prioritize genes that are expressed in your target tissue and developmental time

C: Find the collinear and closest genes in Rice, Brachy, Barley, Maize.
Find the closest gene in Arabidopsis. Record the names and numbers. If there are close
paralogs, you may need to generate a phylogenetic tree to find the closest homologs.
Do a literature search to learn about the function of this gene or gene family:
Starting with barley->brachy->rice->maize and then Arabidopsis.
Transcription factors are genes regulating protein stability are always good candidates
Most of the QTLs cloned in wheat so far are in these categories

D: Prepare a small document for each gene describing:
Conserved domains, function, references, expression profile,
polymorphisms between parental lines.
Integrate that info into a Table and prioritize your list


https://dubcovskylab.ucdavis.edu/eco-tilling-blast
http://www.wheat-expression.com/
https://wheat.pw.usda.gov/WheatExp/
http://bar.utoronto.ca/efp_wheat/cgi-bin/efpWeb.cgi

Step 6: prioritize list of genes

bit.ly/35UgEXP

Search the gene
name(s):

Do some of the genes
show no expression
(yellow) in the tissue
you would except it to
be present in?

Check the entire
list of genes

[HANDOUT 5: GENE LIST]

Data Source Mode -/ o/ Primary Gene ID Secondary Gene ID Signal Threshold

®@ [Developmental Atlas ¥ |[Absolute ¥ | [TraesCS1A01G000100] [TraesC$1A01G000200] [500

Wheat (Triticum aestivum L.) eFP Browser at bar.utoronto.ca
RNA-seq data from Azhurnaya spring wheat
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Step 7: gene validation

Check for gene expression within your lines and tissue relevant to the trait

Theoretical and Applied Genetics (2019) 132:2689-2705 2701
Fig.4 Transcript levels in A Expression in transversal section of Kronos developing spikes
developing spikes at the floret 0.7

primordia stage relative to ’ a ]

ACTIN as endogenous control. 0.6 Distal

a WAPO-AT and TraesC-

S7A02G481700 in basal, central > 05 Central e S
and distal sections of Kronos =

. . . Basal
developing spikes. The experi- o 04 :
ment was repeated twice, and < &=
data were analyzed together % 03
using experiment as block. L 5o b
Means within each gene were b
compared using Tukey tests 0.1 i a a a
(=0.05). Bars are SE of the -
means. b Transcript levels of 0.0 = = =7
WAPO-AI in hexaploid near Distal Central Basal Distal Central Basal
isogenic HIF lines homozygous WAPO-Ala TraesCS7A02G481700

for the WAPO-A1b and WAPO-

Kuzay et al., 2019 (TAG)



Step 7: gene validation

* You look at your research budget and there is only enough funding to
pursue three genes for knockouts with CRISPR-Cas9

Gene A Gene B Gene C

* Pick the plants you want to transform: which allele are we trying to
knockout?

 What phenotype do you expect?



Step 7: gene validation

Gene A Gene B Gene C

Phenotype Treatment Treatment Treatment




Step 7: gene validation

Gene A Gene B Gene C

Phenotype Treatment Treatment Treatment

7 WT KO WT




Step 8: positional cloning

* Sequence the gene from both + and -
phenotype

* |dentify the causal variant in the sequence
(ie. is it a nucleotide shift in the promoter)

Tolerant +

Susceptible -

Theor Appl Genet (2014) 127:855-866

TaSdr-Bla
TaSdr-Bilb

TaSdr-Bla
TaSdr-BIb

TaSdr-Bla
TaSdr-Bib

TaSdr-Bla
TaSdr-Bib

TaSdr-Bla
TaSdr-BIb

TaSdr-Bla
TaSdr-Bib

TaSdr-Bla
TaSdr-BIE

TaSdr-Bla
TaSdr-BIb

TaSdr-Bla
TaSdr-BIb

Tafdr-Bla
TaSdr-BI1b

TaSdr-Bla
TaSdr-Bib

TaSdr-Bla
TaSdr-BI1b

TaSdr-Bla
TaSdr-B1b

TaSdr-Bla
TaSdr-Bib

TaSdr-Bla
TaSdr-B1b

TaSdr-Bla
TaSdr-BIb

TaSdr-Bla
TaSdr-B1b

GCCCTTCACTGGACGCCACTGGAATCCACAGTCCTCTCCCTCCAAAGCAGCGCGCCCCGT 60
GCCCTTCACTGGACGCCACTGGAATCCACAGTCCTCTCCCTCCAAAGCAGCGCGCCCCGC 60
Sdr-5 Forward primer
GACTCGCCTCk:GCL‘T.-\C(;TGTC(;GCCCtGTCCCCGCCCGCTCGCCCACGTACCCCGCGCC 120
GACTCGCCTCCGOCTACGTGTCGGCCCCGTCCCCGCCCGOTCGCCCACGTACCCOGOGOC 120
Pmil recognition site
TCGTTCCCCCTCCCTCTGCGCGCATCCGATTGGCCGCCC.—\CGCCTTCTT.—\AGC 180
TCGTTCCCCCTCCCTCTGCGCGCATCCGATTGGCCGCCCACGCCTTCTTAAGC 180

CGGCACGGCACCGGGACCCAACGOCOGTGCACTCCGTCCACCCCCGTCAGCAGACTTCGAC
CGGCACGGCACCGGGACCCAACGCCGTGCACTCCGTCCACCCCCGTCAGCAGACTTCGAC
Pmil recognition site  inftiation codon

TCGmACGCA TGIGCCATGGTGCAGCCGGCGGACATGGCCGTCAAGGCCAACGAG 300

=
=

a
=

TCGCBCGTGCACGCARTGIGCCATGGTGCAGCCGGCGGACATGGCOGTCAAGGCCAACGAG 300

ATCCTCGOGOCGGTTCCGGCCCATCGOGCCCAAGCCCGCCCTGCCGGOGTOGCCGGTGCAG 360
ATCCTCGCGCGGTTCCGGCCCATCGCGCCCAAGCCCGCCCTGCCGGCGTCGCCGGTGCAG 360

GCGATCGACGGCGCCGCCOACCGCGTGCTCTGCCACCTGCAGAACAGGCCOGTGCCGGGCA 420
GCGATCGACGGCGCCGCCGACCGCGTGCTCTGCCACCTGCAGAACAGGCCGTGCCGGGCA 420

AGGAAGCGCGGGCGCCCGAGCGCCGTGCCGGTGTCCGCGECGGCCGCTGCCGCCAAGAGG 480
AGGAAGCGCGEGECGCCCGAGCGCCGTGCCGOETGTCCGCGCCGGCCGCTGOCGCCAAGAGG 480

AAGAGGGCGGCGTACCCGOTGCCGCTCCGOTGCGOGECGECOGCGGECCACCGACGCGGTG 540
AAGAGGGCGGCGTACCCGGTGCCGCTCCGGTGCGCGGCGGCGGCGGECACCGACGCGGTG 540

GTGTCCACCGCGACGAGGGCCTATGTGTCCGTGCCGGGCAGTGCATGCATGCCGTTTGCG 600
GTGTCCACCGCGACGAGGGCCTATGTGTCCGTGCCGGECAGTGCATGCATGCCGTTTGEG 600

TCCCTCCCGCCGGCGACCGCGAGTACCGUCGGGAATCTGACGATGCTCTCGACGACCATG 660
TCCCTCCCGCCGGCGACCGCGAGTACCGGCGGGAATCTGACGATGCTCTCGACGACCATG 660

GTGGCGGGCGACGACGAAGAGGAGGAGAGGGACGTCCCCGTGGAGCGCGACCTGCTGCGG 720
GTGGCOGECGACGACGAAGAGGAGGAGAGGGACGTCCCCGTGGAGCGCGACCTGETGCGE 720

AAGCTGCTGGAGCCCAAGGTGATCTCGOCGCGGGOGATGOGCCCCGTAGGATCCACCATC T80
AAGCTGCTGGAGCCCAAGGTGATCTCGOCGCGGGCGATGOGCCCOCGTAGGATCCACCATC TED

CACGTCGAATCCATCGTCCCCGGCGCCGTCGACGCGACCAGCACCGCCGCCTCGAAGACG 840
CACGTCGAATCCATCOTCCCCGGCOCCOTCOACGCGACCAGCACCGCCGCCTOCOAAGACG 840
Sdr-5 Reverse primer
GCGGAGGAGGTGGEAGGCGGAGGTGGAGACCGACGOGCTICCCGGCGGTCGTCACGGAICTCG 900
GCGGAGGAGGTGGAGGCGGAGGTGGAGACCGACGCGCTCCCGGCGGTCGTCACGGACTCG 900

AGCAACCGCGTCCGGCTGGTGAACGACGCGTACAAGGAGATGGTGGGCGCGCCCGAGTGE 960
AGCAACCGCGTCCGGCTGGTGAACGACGCGTACAAGGAGATGGTGGGCGCGCCCGAGTGC 960

CTGTGGCTCGGOGCGGTGGCCGCGTCGAGGAGGATCAGCGGGHAGGTGGCGOTGGTGGTG 1020
CTGTGGCTCGGOGCGGTGGOCGCGTOGAGGAGGATCAGCGGGGAGGTGGCGOTGGTGGTG 1020

Zhang et al., 2014 (TAG)




Step 9: is my gene sufficient to determine the
phenotype?

* Create a HDR construct with your tolerant gene sequence and use
agrobacterium to knock-in the trait into a PHS susceptible variety

Selection agent

Transfect

agrobacterium :> —_ :>
Your gene cells with your = - “\ )
sequence (the plasmid ) /
HDR repair
template) Extract & inoculate immature \

wheat embryo with agrobacterium Regenerate PHS
and select transformed callus tolerant wheat



G EHEES
and
Solutions



Challenges / Solutions
Sequence region or use
nulli-tetra lines
Use a related species or
seguence region

Create a HIF, can try to
refine phenotype resolution
with controlled env.

TILLING populations, or

backcrossing

Plant large heterozygous
progeny, or targeted
recombination




Breeding after fine mapping & cloning

Because perfect markers will guide selection, less likely to throw out PHS

Cayuga Tolerant lines when applying the 10-15% selection pressure
\ _i
\
«'v MARKER ASSISTED SELECTION [————— = "—"—"——"——— \
A Cross F1 F2 F3 F4 F5 F6:7 F8+ Purify Release
- 0 -Sli
o—o—o ® ® 10-15% ® ® 1-5lines ® ® Py
GH GH HR Plot Elites Regional Crop Imp. Farm
YEAR 1 YEAR 2 YEAR 3 YEAR 4 YEAR 5-6 YEAR 7+ 2-3 YEARS
PHENOTYPES
_ HD, Mildew +FHB
He(;ght Lodging, Height HD, Mildew
Lodging : :
Now we know the gene Visual Preference $H|Sd TWT ;%Oégmg' relght
region, and can accurately genotype |e. ! _
select for the Cayuga gene TWT Moisture Y|eI.d, TWT
contributing to the PHS HD Moisture

phenotype

Disease, PHS *If naturally occurring

Still confirm selected lines with
phenotyping in later generations
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MAPPING/CLONING RESOURCES

Wheat genome sequence browser: URGI Blast https://urgi.versailles.inra.fr/blast iwgsc/blast.php
URGI JBrowse
https://urgi.versailles.inra.fr/jbrowseiwgsc/gmod jbrowse/?data=myData%2FIWGSC RefSeq v1.0&loc=chrlA%3A
59558565..534840209&tracks=HighConfidenceGenesv1.0&highlight=

Primer Design: Oligo-Calc http://biotools.nubic.northwestern.edu/
NIH Primer Blast https://www.ncbi.nlm.nih.gov/tools/primer-blast/ PolyMarker http://polymarker.tgac.ac.uk

SNP functional changes: EcoTILLING browser https://dubcovskylab.ucdavis.edu/eco-tilling-blast

Expression databases: expVIP http://www.wheat-expression.com WheatExp https://wheat.pw.usda.gov/WheatExp/
Wheat eFP http://bar.utoronto.ca/efp wheat/cgi-bin/efpWeb.cgi
Ensembl Plants https://plants.ensembl.org/index.html

Gene literature review: Google Scholar https://scholar.google.com PubMed https://www.ncbi.nlm.nih.gov/pubmed/

Design guide RNA: Cermak et al., 2017 The Plant Cell http://www.plantcell.org/content/29/6/1196
Voytas Lab Plant Genome Engineering http://cfans-pmorrell.oit.umn.edu/CRISPR Multiplex/
Wheat CRISPR https://crispr.bioinfo.nrc.ca/WheatCrispr/

Sequence Alignment: ClustalOmega https://www.ebi.ac.uk/Tools/msa/clustalo/
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http://www.wheat-expression.com/
https://wheat.pw.usda.gov/WheatExp/
http://bar.utoronto.ca/efp_wheat/cgi-bin/efpWeb.cgi
https://plants.ensembl.org/index.html
https://scholar.google.com/
https://www.ncbi.nlm.nih.gov/pubmed/
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HANDOUT RESOURCES

Google Sheet with handouts: bit.ly/2JdxFIN

PRINTING INSTRUCTIONS:
PartA: Print Handout 1 for n groups (there is enough room for multiple per page)
PartB: Print Handout 2+3 for n groups; Cut apart Handout 2 from 3

Cut Handout 2 in strips, one strip for each Line ID (only one will keep the header, that is okay)
PartC: Print Handout 4 for n groups

Cut handout in half
PartD: Print Handout 5 for n groups

NOTE: be sure to print “fit to page”. Some worksheets may be too long or wide by default.


bit.ly/2JdxFIN

NOUN PROJECT ATTRIBUTES

All graphics were created by the presenters in PowerPoint or BioRender, except for the following:
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