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According to Darwin

e "... a kind of Selection, .... which
results from every one trying to
possess and breed from the best
individuals...”

- "...in a vast number of cases, we cannot
recognize ... the wild parent-stocks of the
plants which have been longest cultivated in
our flower and kitchen-gardens."

Origin of Species, 1859
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Plant breeding removes
unwanted traits

Seed color

- e Natural

mutations
e Mutagenesis
e Engineering
e Genome editing

-

Soybean 0il



Mutation breeding

e 3308 known varieties
developed from mutation
breeding

o FAO/IAEA database

(http://www-infocris.iaea.org/MVD/)

Institute of Radiation Breeding
Ibaraki-ken, JAPAN
www.irb.affrc.go.jp/

Specialtyproduce.com
Corbis.com
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Mutation breedin

e 4 bp to 8 kb deletions
nversions of up to 1.5 kb

nsertions ~200 bp
Frame-shift mutations

Premature stop codons

Chicago Daily Tribune |
26 Apr 1961, p 1-9
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Sunflower oil goes hic

-

perfect lifestyle oil

High Oleic
Sunflower Oil

s2lad, cooking
and deep frying

cold pressed

Mol Genet Genomics (2009) 281:43-54
DOI 10.1007/500438-008-0391-9

ORIGINAL PAPER

An insertion of oleate desaturase homologous sequence silences
via siRNA the functional gene leading to high oleic acid content
in sunflower seed oil

Séverine Lacombe - Irénée Souyris - André J. Bervillé



Plant breeding puts many

Quality = Source:

e Other varieties
e Land races
e Other species
e Transgenes

Pest
99 resistance

Herbicide o
}"

tolerance




Allele replacement by backcrossinc o
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High protein introgression line
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~ 35 million bp = 70% of chromosome

Source: Zenglu Li

Block of genes gets swapped



Transgenics, 1950’s st

Rust disease
resistance

Move a chunk of chromosome
with hundreds of unknown genes

Photo: USDA-ARS

Sears, E.R. 1956. The transfer of leaf-rust resistance form Aegilops umbellulata to wheat. Genetics in Plant Breeding Brookhaven Symposium #9.
In situ concept: Phil Larkins



serspective

e Overlooking results from mutagenesis
o Traits came from SNPs

SNP

ccGatcGGGeea

GC ~ATC CGA
In/Del




SNP

SNPs are very abundant 6cGATcGGGeoA

e Maize HapMap.v2 — whole genome seAe O
o 103 lines
e 60 inbreds, 25 landraces, 19 wild relatives
o 55 million SNPs ® 7 SNPS per b|”|0n bp per
generation

e Any corn protein 300-400 aa long
from two alleles
o Differs by 3.5 aa due to SNPs

o =~ 7 SNPs per soybean
plant per generation

\ - -
V - \ ) vsk 0 , d molecular rum of s' I ons in Arabidepsis,thaliana. Science 327: 92-94

- DNA uenc olym - C 19 ome 1 of maize a mays ssp. mays L )#Proc Natl i 2
A Flrst-Generatlon Haplotype = - 7 il
| Map of Maize

Michael A. Gore,***{ Jer-Ming Chia,** Robert ]. Elshire,® Qi Sun,® Elhan S. Ersol, )
Bonnie L. Humitz,'t Jason A. Peiffer,” Michael D. McMullen,™® George S. Grills,”
Jeffrey Ross-Ibarra,” Doreen H. Ware,*§ Edward S. Buckler**?§

Science 326, 1115 (2009); 1
DOI: 10.1126/science. 1177837 '




Caterpillar resistance in soybean




SNPs & modern wheat

http://flagpole.com/food/the-
locavore/2016/07/27/local-bakeries-bring-
back-forgotten-grains

Beautiful, we talk about amber
waves of grain? That was not
written about modern wheat”

“Rather than sway in the wind, the
shorter modern wheat stalks only
nod.”

— Thom Leonard

FHarvesting Wheal inWash £3
B Conuvignt 1909 wyltfacrinfoat Cad Co. Saen

‘Green revolution’ genes
encode mutant gibberellin

response modulators

Jinrong Peng*, Donald E. Richards*, Nigel M. Hartley,
George P. Murphy, Katrien M. Devos, John E. Flintham,
256 James Beales, Leslie J. Fish, Anthony J. Worland,
Fatima Pelica, Duraialagaraja Sudhakar+t, Paul Christou,
NATURE|VOL 400 | 15 JULY 1999| www.nature.com John W. Snape, Michael D. Gale & Nicholas P. Harberd


http://flagpole.com/food/the-locavore/2016/07/27/local-bakeries-bring-back-forgotten-grains

serspective

e Overlooking results from mutagenesis
e Traits came from SNPs

i e There is more than just SNPs



Intragenic structural variation

Duplication of an ethylene response factor:

Loss of an MDR Transporter in

swtregon s 15k Compact Stalks of Maize br2 and
ub1A- ub1B- SubiC-1
FRISA =—=——m i _A—=1—= Sorghum dw3 Mutants
IR40931-26 817 bp 451 bp 474 bp
Dilbag S. Multani,’ Steven P. Briggs,? Mark A. Chamberlin,’
oshua ). Blakeslee,? Angus S. Murphy,? Gurmukh S. Johal**
t Science 302, 81 (2003);
DOI: 10.1126/science.1086072
sub1B2  °* gupico2
Nipponbare ET—2 1 - I—1 —
(japonica) 451 bp 501 bp
Vol 442/10 August 2006|doi:10.1038/nature04920 nature
LETTERS

SubilA is an ethylene-response-factor-like gene that
confers submergence tolerance to rice

Kenong Xu', Xia Xu', Takeshi Fukao?, Patrick Canlas', Reycel Maghirang-Rodriguez’, Sigrid Heuer’, X
Abdelbagi M. Ismail®, Julia Bailey-Serres®, Pamela C. Ronald' & David J. Mackill® |




Elongated fruit in tomato i

Xiao H, Jiang N, Schaffner E, Stockinger EJ, van der Knaap E.
2008. A retrotransposon-mediated gene duplication underlies
morphological variation of tomato fruit. Science 319: 1527-1530.




A tale of two wines

X it

ALTA VISTA
CLASSIC'

ARGENTINA

ALTOS
DELPLATA

CABERNET
SAUVIGNON

o
ST
PODUCT OF ARGENTINA

How important are transposons
for plant evolution?

Damon Lisch

http://earlymountain.com/sites/default/files/cabsauv-grape.png
http://cellarbythequay.co.uk/grape-misconceptions-no-1/

NATUREREVIEWS |GENETICS VOLUME 14 [JANUARY 2013 [ 49

© 2013 Macmillan Publishers Limited. Al rights reserved
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Oriqgin of vellow corn

Men, Women and

Children o 2.7 1e A382-bp Ins2into
WANTED =% | phytoene synthase

70 Plant

“DiAMOND JOE'S
Bic WHITE CorN

The Plant Cell, Vol. 15, 1795-1806, August 2003, www.plantcell.org @ 2003 American Society of Plant Biologists

SEED HOUSE {244

SHENANDOAH, IOWA. ' \ '

LARGEST SEED HOUSE IN THE WEST aND ' \& \\ ‘ k%

Contrasting Effects of Selection on Sequence Diversity and

LARGEST SEED CORN GROWERS IN THE WORLD. \ N
Linkage Disequilibrium at Two Phytoene Synthase Loci™

Kellv A. Palaisa.»' Michele Morgante.>? Mark Williams.® and Antoni Rafalski*®




verspective

e Overlooking results from mutagenesis
e Traits come from SNPs

e Structural variants are another major source
o Were being missed during genome resequencing/assembly

| e Copy number variation is another type of SV




Copy number variation

2570 2580 2590 2600 2610 2620
_— — 3 »> »
e |
1,632,225 bp 1,643,744 bp 1,663,442 bp
1,637,803 bp 1,649,345 bp

wiliams 82 31 kb

Copy Number Variation of Multiple
Genes at Rhg1 Mediates Nematode
Resistance in Soybean

David E. Cook,’* Tong Geon Lee,** Xiaoli Guo,’*t Sara Melito,’{ Kai Wang,* Adam M. Bayless,* .
DOI: 10.1126/science.1228746

Jianping Wang,’§ Teresa ). Hughes, || David K. Willis,* Thomas E. Clemente,® Brian W. Diers,’
Jiming ]iang,’ Matthew E. Hudson,l'éﬂ Andrew F. Bent"ﬂ#

Science 338, 1206 (2012);



https://cropprotectionnetwork.org/resources/articles/diseases/soybean-cyst-nematode-of-soybean
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Clingstone

Clingstone

https://www.rosbreed.org/sites/default/files/peach%20texture.png

endoPGM

endoPGM

endoPGM

Gu et al., 2016. Copy number variation of a gene cluster encoding endopolygalacturonase
mediates flesh texture and stone adhesion in peach. Journal of Experimental Botany 67(6):
1993-2005



e Traits come from SNPs

Diversity perspective
e Overlooking results from mutagenesis

e Structural variants are another major source
e Were being missed during genome resequencing/assembly

\ e Copy number variation is another type of SV
e Presence absence variation




PAV in tomato

38,000 -

37,500 -

37,000 -

36,500 -

Gene count

36,000 -

35,500 -

e Looked at 725 varieties
e Found 4,873 genes
present in some but not all
» Mostly disease resistance

arare allele regulating fruit flavor

Itay Gonda'?", Honghe Sun’, Qiyue Ma', Kan Bao', Denise M. Tieman’,
i . Burzynski-Chang?, Tara L. Fish®, Kaitlin A. Stromberg', Gavin L. Sacks ©*,
heodore W. Thannhauser®, Majid R. Foolad®, Maria Jose Diez’, Jose Blanca’, Joaquin Canizares’,
!

oni @'5* and



Presence Absence Variation

Gene categories that differ in the wheat pan genome

e Chinese Spring + 18 cultivars
g A o Ave genes/cv = 128,656

regulation of meristem growth

Innate immune response
signal transduction

o Coregenome= 81,070+ 1631
o Pan genome = 140,500 + 102

response to oxygen-containing compound

fucosylation

xenobi t catabolic process
prolo tabolic C process

immune rcsp g ulatir J ignalin J[ at..
sto 1 I mplex morphoger

The wheat pan genome
Montenegro et al, 2017



Corn e

B73 W22

e 6,440 unique genes e 8,372 unique genes

e 1,394 unique copy number variants e 1,261 unique copy number variants
e 177,000 transposons
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I The maize W22 genome provides a foundation for
~ functional genomics and transposon biology
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oson content in maize

80 97 Mb e 2,380 genes in the B73 genome are
within variable TEs

T TE order
600 Mo17 unique 2 000 LTR
TIR
Helitron
» 1500 LINE &
=
2 400 66 Mb 5 >INE
W22 PH207 ZW?S nli:lulz © 1000
e | V202
W22 Mol7
457 Mb 71 Mb 500
000 | Shared withall | | B73 Mol7 PH207 387?|>an8
83 Mb
873 W22 PH207 79 mg 230 Mb 0
B73 unique Genes in Genes in
8}30w6225:37 %733 m? Shared TE Variable TE
0 4 3 2 1 Transposable elements contribute to dynamic genome content in maize
Genotypes w th TE Sarah N Anderson, (2 Michelle C Stitzer, {2 Alex B Brohammer, (2 Peng Zhou, (& Jaclyn M Noshay,

Cory D Hirsch, (& Jeffrey Ross-Ibarra, {2 Candice N Hirsch, {2 Nathan M Springer
doi: https://doi.org/10.1101/547398



Horizontal gene transfer

Natural GMO? Sweet Potato Genetically Modified l
8,000 Years Ago

-
The genome of cultivated sweet potato contains
Agrobacterium T-DNAs with expressed genes: An
example of a naturally transgenic food crop

MICHAELEEN DOUCLEFF

transfers
between plants

HOME | ABOUT |

Widespread and frequent horizontal
transfers of transposable elements in
plants

Q% 8 Moaine El Baidouril»2, Marie-Christine Carpentier!, Richard Cooke!,
Dongying GaoZ, Eric Lasserre!, Christel Llauro!, Marie Mirouze3,

| Nathalie Picault!, Scott A. JacksonZ and Olivier Panaud !4

a User Name/Pass

http://www.npr.org/sections/goatsandsoda/2015/05/05/404198552/natural-
gmo-sweet-potato-genetically-modified-8-000-years-ago

El Baidouri M, M-C Carpentier, R Cooke, D Gao, E Lasserre, C Llauro, M
Mirouze, N Picault, SA Jackson and O Panaud. 2014. Widespread and

frequent horizontal transposable elements in plants. Genome
Research 24: 831-838 http://orogoldschool.com/wp-content/uploads/2014/06/tomato-tree.jpg

» Liu et al 2012. Evolutionary force of AT-rich repeats to trap genomic and episomal

DNAs into the rice genome: lessons from endogenous pararetrovirus. Plant
Journal 72:817-828

« Staginnus et al. 2007 Endogenous pararetroviral sequences in tomato (Solanum

lycopersicum) and related species BMC Plant Biology 2007 7:24

* Geering ADW, F Maumus, D Copetti, N Choisne, DJ Zwicki, M Zytnicki, AR

McTaggart, S Scalabrin, S Vezzulli, RA Wing, H Quesneville and P-Y Teycheyney.
2014. Enodogenous florendoviruses are a major components of plant genomes
and hallmarks of virus evolution. Nature Communications 5(5269)
doi:10.1038/ncomms6269



Measure of structural variation

Comparative chromosome hybridization

Minsoy A i . ere .
Wms2 aiicsids oAl g 4 AR :
et R ' s : -
Spontaneous/Conventional
0 10000000 20000000 30000000 40000000
CHR_POSITION
FN - ». s ._ ._ R R £ . ; £ ’ ~
M92-220 0 ’ .
- 6 kb deletion
Mutagenesis
0

10000000 20000000 30000000 40000000

Mutagenesis vs parent M92-220 CHR_POSITION

Anderson JE,J-M Michno, TJY Kono,AO Stec,BW Campbell,SJ Curtin, RM Stupar. 2016.Genomic variation and DNA repair associated with
soybean transgenesis: a comparison to cultivars and mutagenized plants. BMC Biotechnology 16:41



Conventional breeding
Traits from wild relatives

Traditional view Emerging view
- Backcrossing replaces an existing - Besides allele replacement,
allele with a desired allele - backcrossing can introduce a PAV gene

- Can also eliminate genes that were there

Wi i

Germplasm x Cultivar

Desired
allele

Germplasm x Cultivar




The continuum of

e SNPs

e Structural
variants
o Transposons
» Intragenic
» CNV
» PAV

Synthetic biology

Induced i
Natural utations  MTASPECIIC |nierenecific o Genome

mutations Crosses crosses editing

GMO |

....................................................... >
HGT - Natural Transgenics Man-made Transgenics

Genetic
ngineering




| THINK We MAY
HAVE GENCTICALLY
OVERMODIFICD THE
TOMATORS.



Kohlrabi
Germany, 100 AD

Broccoli
italy, 4600's

1400's

-~ £ Brussel sprouts
Cabbage, 100 AD Belgium, 1700's



And the changes continue

© www.chefinyou.com




And continue

Kalette



Sources of diversity /)

e Standing variation

e The realization that the plant breeding process itself is mutagenic & creates new diversity

e Rasmussen, D.C., and R.L. Phillips. 1997. Plant breeding progress and genetic diversity from de novo
variation and elevated epistasis. Crop Sci. 37:303-310




The Natural History Museum, London
ISU Extension

"... breeders could never have
expected or even have wished to
have produced the result which
ensued."




