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Gene Editing in Maize and Wheat at CIMMYT: Impact on Smallholder Farmers

Kanwarpal S. Dhugga, Principal Scientist and Head, Biotechnology for Agricultural
development, CIMMYT

Abstract:

International Maize and Wheat Improvement Center (CIMMYT) is best known for
introducing semi-dwarf wheat lines half a century ago, which led the way to Green
Revolution. The focus of research continues to be to provide improved germplasm
for maize and wheat with the goal of sustainably stabilizing crop production at small,
marginal farms. CIMMYT also strives to extend the benefits of modern technology to
smallholder farmers to help further alleviate poverty. CIMMYT and DuPont Pioneer
have joined hands to exploit the gene editing (CRISPR-Cas) technology to improve
maize and wheat germplasm. A specific example where this technology will be
employed in the short-term is maize lethal necrosis (MLN), a devastating viral
disease that has spread in many countries of East Africa in a short span of five
years since it was first detected in Kenya. We identified a strong source of
resistance against MLN, have fine-mapped it to a 1 MB region of chromosome 6,
and expect to isolate the gene that confers resistance in the next 4-6 months. Our
first targets will be the parents of long-standing commercial hybrids in East Africa
that were developed before the appearance of MLN and have since become
susceptible to this disease. DuPont Pioneer has developed a technology whereby
any maize line can be transformed independent of its genetic background. As
compared to conventional backcrossing to introgress a resistant locus from an
exotic source into an elite genetic background, gene editing offers considerable
benefit of accelerated breeding, which expedites product development while at the
same time minimizes yield drag caused by the undesirable donor alleles. The
susceptible form of the gene against MLN will be edited to its resistant version
directly in the parents of two widely grown maize hybrids in East Africa. This will
help deploy the resistant forms of popular hybrids in a much shorter period than
conventional breeding. Several additional examples of future gene editing targets in
wheat and maize will be discussed.
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CIMMYT Varieties Have Global Presence
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Reasons for CIMMYT to Develop In-house Gene
Editing Capabilities

» To extend the benefits of modern technologies to small-holder
farmers.

alter gene function in a native genetic background.
out gene editing with the goal to produce novel products that

complement conventional breeding.

» DuPont Pioneer has pioneered and streamlined the gene editing
system in plants.

small-holder farmers of developing countries.

» A recent technological breakthrough has made it possible to precisely

» CIMMYT possesses state-of-the-art laboratories and expertise to carry

» CIMMYT and DuPont Pioneer have signed an agreement to join hands
in utilizing gene editing to improve maize and wheat, particularly for

WciIMMYT.

ILSI Workshop on Genome Edting Technology in Agriculture (10 July, 2017)

03 Dr. Dhugga



Principles Guiding Genetic Engineering at CIMMYT

» Recognize and respect the sovereignty of each and
every country if and when considering the use of crops
produced by alternative means (to plant breeding) in
their territories.

» Provide technical support, as requested and required in
this process.

» CIMMYT does not support the work of institutions that
do not comply with state biosafety laws and
procedures.

» CIMMYT is a member of Excellence Through
Stewardship.

WiciMMYT

Traits for Gene Alteration - Examples

* Maize
* Resistance to maize lethal necrosis (MLN)
* Biofortification
o Increase provitamin A by down-regulating CCD genes
o Fe and Zn availability via phytate downregulation

* Wheat
* Disease resistance
o Rust (Lr34 and Lr67)
o Powdery mildew

* Plant height reduction by alternative mechanisms from
Rht genes

* Biofortification
o Phytate downregulation for increased Fe and Zn
availability

WcIMMYT
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Figure 1. Different site-directed nuclease (SDN) h

iques (SDN-1, 2, and 3). An SDN complex is shown at the top in association with the target sequence. The repair can
take place via nonhomologous end-joining (NHEJ) or homologous recombination (HR) using the donor DNA. SDN-1 can result in site-specific random mutations by NHEJ.

In SDN-2, a homologous donor DNA is used to induce specific nucleotide sequence changes by HR. In SDN-3 DNA is integrated in the plant genome via HR.

WCIMMY'L

Maize Lethal Necrosis

MLN is caused by a combination of Maize Chlorotic Mottle Virus

(MCMV) and any of the Potyviruses that infect cereals, especially
Sugarcane Mosaic Virus (SCMV)

MLN =

o 1))
MCMV %o+ | SCMV
Maize chlorotic I:O!‘UE Sugar cane mosaic
virus [l "\ virus (or other potyvirus)

The disease was first reported in Bomet county of Kenya in Sept 2011,
and since then has spread to several countries in eastern Africa.

Prasanna 8 JICIMMYT.
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Countries Affected by MLN
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Kenya, Tanzania, Uganda, Rwanda, Ethiopia, D.R. Congo

Possibly South Sudan and Burundi Prieidng WCcIMMYT.

Maize Production Losses in Kenya to MLN

Maize production Estimated loss  Average loss
Agro-ecological zone (tons) (tons) (%)
Moist mid-altitude 304,994 96,707 32
Moist transitional West 1,040,794 298,277 29
Highland tropical 583,681 87,750 15
Moist transitional East 49,003 2,649 5
Dry mid-altitude 157,159 5,021 3
Dry transitional 27,409 762 3
Lowland tropical 8,228 1,227 15
< 5% maize 141,579 21,634 15
Total 2,171,268 492,393 23

Hugo de Groote et al.

WciIMMYT.
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Genotypes Resistant (L) or Susceptible (R) to MLN

Naivasha, Kenya, Screenhouse 2 February 2017

WCIMMYT.

Resistance Against MLN From an Exotic Genetic Resource

KS-236 - 3 . CML444
WciIMMYT.
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MLN Resistance in Maize
Kenya

linear mixed model_structure corrected
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Contribution of MLN, Locus to Resistance Against MLN
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Parents in cross (KS23 resistant)

WciIMMYT.

Olsen
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CML539 X KS23-6: Entries 52 and 53

CML442 X KS23-6: Entries 297 and 298

WCIMMYT.

MLNg Locus Fine-mapped by Pioneer Using 20K Markers

MLN 5(1 ) — SN P_GWAS_POP3 Table 8.2: Statistics of detected signal; -log10(p), effect, and proportion of phenotypic variance
g N explained with the forward-regression model containing only detected signals, minor allele fre-
Est|mat|onset (N = 79) quency (MAF), number of observations with known marker score (Ne), and smallest possible map
interval based on informative flanking markers. Markers with zero effect were not fitted in the final
20- ® model.
Term  Marker Chr. Pos. -logllip) MAF N, Effect r? Interval
1.SNP 4773269-28 1 4458 02 039 437 003 000 444446
1_SNP 4582795-46 1 179.86 07 029 437 010 000 17981799
15- Chromosome| | isNp 242995661 2 319 00 032 437 000 000 381383
,q-; ’ e 1 1_SNP  2467290-40 3 0452 05 025 437 011 000 940945
=1 ¢ 2 1_SNP  4774094-35 4 B8R84 04 035 437 -0.10 000 883888
© . «3 1_SNP  4774869-20 4 104.64 05 040 437 012 001 1046-1047
|> s . |" 4 1_SNP 2382756-40 4 12278 35 030 437 043 003 12241230
210- * . . % 5 1.SNP  9719493-31 4 13813 07 041 437 014 000 138.1-138.1
9 ; . T 6 1.SNP 4585413-20 6 4139 03 019 437 011 000 412414
)] i 7 1_SNP  100047706-66 6 7118 00 018 437 000 000 7LI712
Lo l . + 8 1.SNP 2607337-59 6 B1.63 00 021 437 000 000 815816
! . . + 9 1.SNP  9698459-43 6 9397 0.8 048 437 -009 000 939940
5 & + 10 LSNP 2530050-44 6 10615 57 026 437 044 008 10611062
. N . 1.SNP 9712316-5 6 117.18 62 033 437 -040 005 117.21172
— [N o 1.SNP  4578964-57 6 128.39 14 042 437 -0.14 001 12801284
8 - L . Y ' 1.SNP  4768653-23 6 140.22 04 017 437 -0.14 000 140.2-140.2
1.SNP  4582450-11 8 Td16 07 023 437 -0.18 001 740742
0- 1.SNP 5385631-8 8 8605 08 013 437 -0.18 000  86987.0
D.Oe'+00 5.0&‘*’08 1.06‘*’09 1‘5e'+09 2.0é+09 1_SNP  100066975-11 9 79.83 31 026 437 038 003 T79.8.79.8
Genome pOSitiOn 1.SNP  100067859-8 10 6276 03 022 437 008 000 627628
By Screening F3 Progenies, Interval Narrowed to ~ 1 MB (Chr. 6,
Markerhame MZAL 109 MZALS 124 134 COOQTI 139 147 175 CDOIT MZAS! MIZAS! MZA CO4BE COS00T-1.01
Markerid aymar auns0 arsay MFAY FENEN SEAFN ANENE BARAN FRNRS
Chremosome o 66 & 6 L] 6 66 L3 (] & o L3 15 reg, 14 confirmed
GanaticPustion 972 (1181193 1325 13361242 | 1343 1358 1209130 1318133 133 135 130 143 45 Scoingdl 1
tieName Gt #la kx Pedigree Entry Mean
USDIBGATAES B6EOT O STOR/STOR 1AL GG Gfa MM T GG AA AA GfE AR CE OC 66 TT G T B e x3134 BT
venasas TIEGT O STORSSTOR 142 AR AA GRS AMA AT GO ST AS TT TM AG G oT 2A: M MLsap BT
CIMIMINISS RS TRIO IR WESOT 1 GVCAMSANUIOIMB4IISISIGE 186 GG G6 AR TT G NA AR GE AA GE OC GG T a8 T 78 (CMUSALNRIZEIBAOTE  FRATMA
CIMIMLN1EFB.4 3.3 SEL0T 1 SFCMUSSE/USOTBGS2I52S4 143 GG GG ATA T Gfe L) AR GG AR o oC Gs TT GG TT
CIMIMLNIEFB3.1810.8  DESOT 1 OVCALSAS/USOZESS2ISISIKAR LAE AT AN Ag AlG AT AR A o AA o ok a% T o9 id
CMzMIE NI 381417 G607 1 CTEARSAB/USOINGAZISISINGE 1-a31 A MG MG OT NG NG AMA G6 AR CE CE G% TT GG
CIMIMLN1EFBA.T 4.4 SEL0T 1 IVCMLSSS/USOTEGAZISISINT LA AG G ATA T Gfe A AR GG AA oc oc oGe TT
CMIMUINIERBS 1597 96T 1 SVCARSAS/USCRRSS2SSISINAS 17 G/G G5 AR TT G0 AR AR G AG OT OT AG O
CMIMNIENNE 47 1510 90407 1 OVCARSARJUSOIREAZISISIDD 181 GG GG AR TT G NA AR GG AR GE GE GG TT 11 maar s,
CIMIMLN1EFB3 48 16,14 9E«DT 1 OFCMLSAS/USOTEE423525 008 182 GG GG Aa T GG A L GG AA o o G TT e _sE
CMIMUNISSBS 801715 9EWIT 1 MCMRSSSABOIBSSISISINED 183 GG GG AR TGS AR AR G5 AR G S G fr 15 PROLB0 ICMUSARNSIIGIIIORD  FISTMA
CIMIMLNIEF00 1813906 9007 1 SVCMRS4S/USOIEE42352510ANL 112 GfG Gla  AMAOTT OGS AR OMA GG MG OT 0T NG /T % a5 FBaTIA

Jung, Olsen

WciIMMYT.
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When a Drought-tolerant Commercial Hybrid Becomes
Susceptible to MLN

* Commercialized in Uganda and Kenya
* High yielding under optimal conditions and drought
 Susceptible to MLN

WET16A-YLOSS-01-4

Kiboko: No MLN Pressure Naivasha: Artificial MLN

inoculation
CML312/CML395//CML566

WCcIMMYT

Beyene, Olsen

Candidate Hybrids for Gene Editing to
Confer MLN Tolerance

WET16A-YLOSS-01-2

Kiboko: No MLN Pressure Naivasha: Artificial MLN inoculation

CML395/CML444//CML539
WciIMMYT

Beyene, Olsen
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Challenge in Reconstituting Elite Genetic

Background Via Conventional Breeding
It is not only the time

BC1 75.0 25.0 12500
BC2 87.5 12.5 6250
BC3 03.8 6.2 3125
BC4 96.9 3.1 1563
BC5 98.4 1.6 781
BC6 99.2 0.8 391

Proportion of recurrent
genome = (2"*1-1)/2n+1

WiciMMYT

Accelerated Breeding

* Edit MLN; gene to its MLNg form directly in lines that are
parents to commercial hybrids in Africa.

e Most hybrids are three-way crosses.

* Reconstitution of original genetic background after
backcrossing can be challenging.

* Hybrids have a long lifetime in Africa, sometimes lasting
decades.

* DuPont Pioneer has streamlined genetic transformation so
the tropical maize lines from Africa can be directly edited.

* Future sources of resistance could be stacked onto the
previous one.

* These steps will save years worth of time.
e Significantly contribute toward alleviating poverty and hunger.

WcIMMYT
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Fielder

WCIMMYT.

Borlaug 100

WciIMMYT.
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Resistant allele of Lr67 differs from the
susceptible by only two nucleotides that
lead to amino acid changes:

1. emsSu1: C75Y Arg144Gly and Leu387Val.

2.emsSu2: E160K
3.az1723: G208D
4.az2257: G217D

5.v1239: AV221
6. y318: AKHPFR268-272
7. az2255: P472S
8.az2006: W491*

VOLUME 47 | NUMBER 12 | DECEMBER 2015 NATURE GENETICS
WCIMMYT.

The Gene Editing Platform at CIMMYT

Testing for altered function A
Molecular biology

Percent
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ity orodicaon Transformation and

regeneration

We have world class facilities; we can and must use them fully to benefit

our customers WciIMMYT.
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