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Evolution Under Domestication
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The most productive
agricultural areas of the modern world

Jared Diamond (2002) Nature 418, 700-707 2



Average Corn Yields (kg/ha)

Evolution Under Breeding
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Evolution Under Domestication

NATURAL“CORN’, 7000 B.C.

P%%%&%ﬂ&ﬂml:ﬁ TASTES LIKE VERY
HARD OSJECT DRY, RAW POTATO

" 19MM

5-10 VERY HARD KERNELS

= B8 KNOWN VARIETIES

LS ONLY FOUND
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o
75.0% WATER  1.9% SUGARS  23.1% OTHER
MOSTLY STARCH

ARTIFICIAL CORN, 2014
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From Green Revolution to
Ecological Agriculture

...The first green revolution was
conducted under reliable water

supply.... (in Punjab)

...The next green revolution should

-

e A
lead to Ecological Agriculture...

Dr M S Swaminathan



Patterns and time evolution of crop yields -
predicted impacts of climate trends.

A 14— —— Wheat — Barley 80
Cereal 1 — Maize —— Sugarbeeww o Sugar beet
Yield e 40 Yield
(Tons per Ha) 6 20 (Tons per Ha)
2

[ ]
1960 1970 1980 1990 2000 2010

Sugar beet

H <-60 B -60--408E -40--200 -20-0 O 0-20 O 20-40 @ 40-60 = 60-80 M= >80
% Change 1989-2009

expected change in yield based on growing-season temperature and precipitation trends

Moore & Lobell PNAS 2015;112:2670-2675

©2015 by National Academy of Sciences I | g A ; E



Prediction for eastern Mediterranean (EM)
Summer Times

International Journal ; 5
of Climatology ERMess

(a) Persian Trough annual cycle (RCP8.5 scenario)
L] L] L) ] 1 ] L) L] 1 ]
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e

-

oo
L]

- = 1986-2005 CMIPs
-------- 2046-2065 CMIPs
2081-2100 CMIPS

o
L]

S
T

Average occurrence per 11 days

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

L SREOSE SRR | IS

synoptic definition of the seasons
The synoptic summer, characterized by the occurrence of the Persian Trough, is
expected to be lengthened by 49%>>app. Two months longer summer
{ and shorter winter.. }
Hochman, Harpaz, Saaroni&Alpert (2018)
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Diploid genome [well, 5Gb, but still]
Excellent genetic map
Easy to cross with wild relatives- far, but close enough

In Southern Levant- rich allelic repertoire, richest

worldwide, with excellent environmental variation

If you’re patient enough, you can drink your experiments



Wild Barley (Barley1K) Collection

|7 e |
e :5 1 Hordeum spontaneum

Multi-layer analysis:
* 617 Initial localities

* Soil

* Grid lines (X,Y)

e Altitude

* 75 visited

* 51 selected for sampling

Hierarchical Sampling
Model (HSM)

e 51 Sites (B1Ks)
e 5 Poles (Micro-sites)
e 4 Spikes
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Hubner et al. (2009) Mol Ecol
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Phenotypic landscapes
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Hordeum spontaneum

vulgare

Domestication Genetic Bottleneck
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The nested association mapping population
HEB-25 — studying allelic variation among

ERA- 25 wild barley accessions in parallel
/ Barke (C) ¢ =
P x - || ‘| ------------------------ “ | | || o
E:L12 3 456 7 8 18 19 20 21 2223 24 25 Klaus Pillen- MLU
Baikeiiie Initial cross
" ,”NHH” ........................ HHHH“ VILU/AHL. Nitrogen
Sub-Pop: K12 3 45 6 7 8 18 19 20 21 2223 24 254 Caust' Salinity
1 back
= ACKETOSS - ARO- Drought
N I Vs i I I I e
BC, O H
Sub-Pop: L12 3 45 6 7 8 '» 18 19 20 21 222324 25
! :
§ 3 selfings
TR T ||
BCS, : I [ i
Sub-Pop: W12 3 45 6 7 8 18 19 20 21 22 2324 254
\_ /

HEB-25 (Halle exotic barley) = 25 families with 1,420 NAM lines in BC1S3
Expected segregation per locus: 72% : 6% : 22% (Hv:het:Hsp)




How much causal variation is out there, in wild?

High-Content Plant Phenotyping (HCPP)
e 12 pairs of plastic troughs

e 250 experimental units of 8-10 plants.
* Independent watering/drainage

16
* Treatment of drainage



Phenomics 1.0: Life history/Whole Plant Phenotype




GWAF in HEB- QXE interactions on yield traits

B GN
P _ 350
2 s Hi/HV
‘\ E 250 - e HV/HS
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g 99 - R e HV/HS
v — e Hs/Hs
Z 94
JOW 6Y on W wp HEA fa " Ww
% , ’/i L Genome scan identifies flowering-
. ) \‘ <Y .
. ! K e independent effects of barley
HsDry2.2 locus on yield traits under
St water deficit

Merchuk-Ovnat et al. J Exp Bot.

Green- QxE significant 2018,69(7):1765-1779.

Blue/Red- Q significant [WW or WL) T
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Merchuk-Ovnat et al. J Exp Bot. 2018,69(7):1765-1779.

HsDry2.2: Pleiotropic
(flowering independent) effects
on GY [BC2S1]
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Extended haplotype around HsDry2.2

Genetic map

L
HsDRY2.2 locus—» r

o) 20 40 60 80 100 120 140 160
cMm

Physical map

°;=.. . : ‘:;. :.Eih
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physical position

Letter

Natural variation in a homolog of
Antirrhinum CENTRORADIALIS
contributed to spring growth habit
and environmental adaptation in
cultivated barley

Jordi Comadran, Benjamin Kilian, Joanne Russell, Luke Ramsay, Nils Stein, Martin
Ganal, Paul Shaw, Micha Bayer, William Thomas, David Marshall, Pete Hedley,
Alessandro Tondelli, Nicola Pecchioni, Enrico Francia, Viktor Korzun, Alexander
Walther & Robbie Waugh

Nature Genetics 44, 1388-1392 (2012) Received: 18 July 2012

Very low diversity in the spring
pool at the HsDry2.2 / HvCen
locus

A. Intense selection for HVCEN single
SNP (malting vs. feed)
B. Restricted recombination

Mascher et al. Nature 2017 20



CRISPR/CAS9: The Revolution of gene editing

The clustered regularly interspaced short palindromic repeats
(CRISPR-CAS9) recognition system

- "Traditional use”" CRISPR-CAS9 - Gene/ gene family Nock-out or
precise excision

[ Targeting sequence
d CAS9 recognition motif

sequence




In Yeast: CRISPR-directed recombination enables
genetic mapping without crossing

LOH events obtained by CAS9

A Cas9-directed DSB B LOH panel
I Trait Genotype |

1
Chr 7 position

(cM/kb)

FACS

Recombination rate to physical distance

+
|

Mappﬁii"‘e”’al S(]dhu eT al., 2016, 56‘/6/768

Target more breaks in the interval to
rapidly map the causal variant




RECAS9- Directed mitotic recombination

M/ RB  Rab17:CRE NOS::\A‘US UBI::BBM ~ UBI::CAS9 LB
Heterozygous - Construct 1 _IT‘ e ')T-_I_
p I a nt RB  Rab17:CRE  NOS:WUS UBI::BBM UBI::ZS-GREEN LB

N '
s - \ Construct 2 -ﬁ‘ A ')T~—|—

Leaf disks |_,

—
CaII|
-—
Imature/Mature

| embryos

23



RECAS9- Accelerated gene discovery. POC

'\ 16-0689 . 16-0296
1:4653_ 06_137 = HEB_06_126

BC183:5

BC1S3:6

Manas Prusty

P-Values by Chromosome for black_grain

HEB-06-137 X Noga/Barke |

|

HEB-06-137H — Year 1

¥

HEB-06-137_BC2S51 -
<« || RECASS

v L Year 2
Recombinants

® -

Sequencing/ldentify geng Year 3 Shelly Lazar




Lessons:

* Rare GxE QTL that increase yield under stress may do soin a

complex manner (senescence, GW)—requires phenomics and

integration to whole plant phenotype [“Green”+phenological]

* Biomass or green phenotype only are not sufficient to utilize
variation underlying grain yield under stress (Senescence & GFP
critical>> grain weight)

 Locked haplotypes hinder identification and utilization of

adaptive QTL/genes
* There are not many hitherto unknown GxE loci in interspecific

crosses- where should we look for more variation?




Phenotypic robustness

A DRI - Drought-resistance index

—_————————— i ——

I
I
I
I
I
I
I
I

¥

| | | | >
10 20 30 40 50 60

DRI = Mean[s]/Mean[n]

Fischer and Maurer (1978) Aust J Agron

>

1CV- Stabulity index

| | |
10 20 30 40 50 60
iCV = CV[s)/CV[n]

Fridman (2015) Plant Science



B1K ASkelon-HERmon (ASHER) DH population

B1K-50

Eyal Bdolach

§ dd ¢
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s | |

N) spiojdey pajqnoq

(et

Anther culture>> |
B Doubled haploids

DHs (N=41; 09-07 cytoplasm) DHs (N=82; 50-04 cytoplasm) L B1K-09
w/Karl Schmid, UHOH 07

@Pat Hayes, OSU
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Barley (H. vulgare) chloroplast & variation

37 Kb region
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LSC, large single copy, ~80 kb
SSC, small single copy, ~8 kb

IR, inverted repeat, two sequences ~20 kb each

Stephan Greiner, Max Planck Golm
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Reveme genetic tools in soybean 4

Mtitagenesis (EMS, X-ray) Pooled DNA ”
r',r, ® Soybean r=b %
009 @ seeds
' (Ml SeedS) Amplify torget sequence
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o
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DNA duplex HHHH‘%HHHH
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ﬂ S
v
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» electrophoresis
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Seed collection (M3 progeny)
Fig. 1. Outline of the development of o soybean mutant population and the process of mutant screening employing the TILLING approach

Breeding Science 61: 462-467 (2012)

Infrastructure: prepare ComSeq pools

Pool 11 samplesinto p pools according to a predefined design

Samples
Pools

12345 n
- L= oo
: -' k Pool #p

A specific ComSeq experiment performed over the pools
* Design primers to amplify the target region

* Perform library preparation for NGS

*+ Sequence

* Detect de novo SNPs and their carriers

Nida et al. (2016) The Plant Journal
[Fridman and Shental Labs] **




HorENU

Infrastructure: prepare ComSeq pools

Pool 11 samplesinto p pools according to a predefined design

Samples
Pools

12345 . n
- L= oo
: -' ="a Pool #p

A specific ComSeq experiment performed over the pools

* Design primers to amplify the target region
* Perform library preparation for NGS

*+ Sequence

* Detect de novo SNPs and their carriers

Nida et al. (2016) The Plant Journal
[Fridman and Shental Labs]
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Questions asked, few directions to answer these

* What is/are the evolutionary dynamics underlying plant adaptation? Changes in
genomes make-up of CWR and modern crops

Correlation between genomics and environment [Hubner et al. 2009,2012, 2013;
Bedada et al. 2014; Dakhiya et al. 2017]

* Are there common or different principles among CWR and modern crops that
could explain adaptation to changing environments

Clock plasticity might, although needs more evidence [Millar et al. under
domestication@tomato-benefit?]

* What drives adaptation? Plasticity vs robustness

Seems like plasticity, yet at certain stages (traits), has a benefit for fitness

* What are the gene alleles involved, and for which traits

The gene hunt has just began (at least for us) - genome editing probably will help
 How can we translate that to better adapted crops?

QTL off course, Cytolines from the wild as new source, Transplastomic plants?
Finding DeNovo mutations by allele mining>directly to breeding. .



YEVULIM outreach project
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Origin of the 25 exotic HEB donors
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Circadian rhythm correlates with environment
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Delta Temp in SensyPAM
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Divergence under domestication- Pair-wise correlations
H. vulgare
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