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Project#3: Developing Banana Resistant to Fussarium oxysporium f. sp. cubense Using

Genome Editing Approach

Second Year Report

1. Specific research objectives of the research

1. Developing A. rhizogenes system to induce hairy roots as a tool for candidate gene screening
2. Stable transformation of banana for generating transgenic plants

3. Developing protocol for production of cell suspension and protoplast

4. Initiation of Embryogenic Callus and ECS with FPX

5. Preparing binary vectors for banana transformation towards resistance to Fussarium oxysporium

6. Replacement of an endogenous target by a resistance gene candidate by genome editing

2. Results and findings

2.2. Develop A. rhizogenes system to induce hairy roots as a tool for candidate gene

screening

The objective of developing an A. rhizogenes system to induce hairy roots is to use the hairy roots
as a tool for screening candidate genes that would be targeted in banana genome, for developing
plants resistance to Fusarium. Since stable transformation and generation of banana plants is a time
taking activity, the use of hairy roots for screening candidate genes is assumed to significantly
shorten the time required. In the attempts we made to induce transgenic hairy roots, in the last 2
years, we transformed banana explants (in vitro plants or immature flowers) with 6 strains of A.
rhizogenes strains (K599 — Cuccumopine; LBA 9402 — Agropine; ATCC15834 — Agropine; LBA1331
— Agropine; MSU440 — Manopine; Aqua 1 — Agropine) harboring plasmids with GFP, RFP or PX11
reporter genes. In order to induce wounding of the explants and/or enhance the infection process
the explants were treated by heat shock and/or sonication before vacuum infiltration of the
Agrobacterium suspension. Unfortunately, neither of the treatments resulted in generation of
transgenic roots. Some of the reasons that might be contributed to such a result could be a) Absence
of cambium in monocots including banana (in other plant systems the cambium is highly susceptible
to infection). B) Failure of callus development at the wounded/infection sites (unlike other plants
callus development in wounded banana explants is not common) c) Origin of roots in banana is deep
in the peseudostem, whereas in dicots infected with A. rhizogenes, roots have been observed arising
from the surface of explants (like leaves/cotyledons). D) The very fragile nature of young banana
explants: Although young explants are highly preferred for Agrobacterium mediated transformation,
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young banana explants are highly fragile to mechanical wounding. To this end, the young explants
have been observed to get damaged or produce endogenous hairy like roots during 2 days of
preconditioning (Fig. 1). In addition, the explants were covered with exudates or rot/decay during co-
cultivation, which makes development of the expected transgenic roots difficult. Therefore, attempts
to induce transgenic roots, in such kind of banana explants, with A. rhizogenes seems implausible.
This assumption can be supported by absence of published literature in any of the journals, we have

referred to date.

A B C D

Fig.1l. Changes in banana young explants pre-and post-transformation. Appearance of banana

explants 2 days after preconditioning (A-C) and 4 days of co-cultivation with A. rhizogenes

suspenstion (D).

2.2 Stable transformation of banana for generating transgenic plants

Following the observations from the A. rhizogenes experiments conducted, we attempted to generate
stably transgenic banana plants. A preliminary experiment has been conducted by transforming
banana explants with A. tumefaciens strain EHA105 harboring a binary vector with the PX11, GFP
or RFP reporter genes (Fig. 2.). However, neither of the transformation experiments gave a
transgenic plant expressing neither of the reporter genes. In addition, we transformed suspension
cells obtained from the previous year-initiated callus, to also check if the cells might have the capacity
to be transformed and regenerated. Both A. tumefaciens strains EHA105 and AGL1 harboring a
binary vector either with GFP or RFP reporter genes were used to infect these cells. However, we
observed neither expression of the reporter genes nor regeneration of the control cells.
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Fig. 2. Stable transformation of banana explants. Meristem shot excisions (A & B) or intercalary
meristems slices (C & D) obtained from in vitro grown banana plants were dissected either vertically
or horizontally, pre-conditioned for 2 days and transformed with A. tumefaciens strain EHA105
harboring a binary vector with the PX11 reporter gene, and explants were grown on a selection
media. Suspension cells obtained from the previous year-initiated callus were also tested for their
ability to regenerate after transformed with either A. tumefaciens strains EHA105 (F) or AGL1 (G)

harboring a binary vector either with GFP or RFP reporter genes.

In the literature, previous attempts done to transform Grand Naine explants were able to show
regeneration of only a very few numbers of plants from 100s of explants or just only a few spots that
showed expression of the reporter gene/s used. Whereas successful transformation studies in this
banana cultivar entirely depended on the use of good quality ECS. It could probably possible that
these limitations of generating of transgenic Grand Naine banana plants from explants but ECS might
be due to presence of endophytic microorganisms that hinder the infection process, by the
Agrobacterium or other physiological/biochemical conditions both at pre and post transformation.
The failure of the suspension cells to be transformed could have been attributed from their quality as

evidenced by their failure to regenerate.

2. 3. Transformation of Calluses Generated From Banana Immature Male Flowers

Recently, we obtained two plasmid constructs from Prof. Avi Levis lab, one of which is an RFP
reporter gene under the control of Musa acuminate Ubiquitin promoter (Fig. 3. A), in order to evaluate
its expression in banana explants and develop transformation protocol. We hypothesized that
explants (callus) from IMFs (Fig. 3 B arrows and bracet), ‘being embryogenic’ after about 5 months

on callus induction medium, could respond to agrobacterium infection.
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Nos_T Mos_P MaUbi_P MaUbi_T
€ KanR mRFP 2
A B

Fig. 3. Transformation of callus/proembryos obtained from the IMF
method. The plasmid construct (A) was transformed into the Agrobacterium
strains and suspensions with low OD (~0.3 ODeoo) were used to infect the
explants excised from IMFs on callus induction medium (B). The Kan resistant
embryos (C) and level of expression of the reporter gene in some of the
representative samples (D). Pictures were taken 14 days after initiation of the
experiment. The marked embryos are those that showed expression of the
reported gene and the asterixis (C) indicate embryos that showed relatively

higher level of expression of the same.

The calluses/embryos were excised and infected with A. tumefacien strain AGL1 or A. rehizogenes
strains ATCC 15834 and LBA 9402, each harboring the plasmid construct indicated in Figure 3A.



23

After 9 days of cocultivation and 5 days on selection media with 100 mg L* Kanamycin (Kan), in the
dark, most of the embryos transformed with A. tumefacien strain AGL1 showed resistance to Kan
(Fig. 3 C), while those explants transformed with the two A. rhizogenes strains suffered from
chlorosis (data not shown). This suggests that the embryos infected with AGL1 are transformed while
those infected with ATCC 15834 and LBA 9402 are not. Interestingly, the embryos showed high level
of expression of the reporter gene (Fig. 3D), which seems also stable transformation of the embryos
with the reporter gene. Attempts will be made to regenerate plants from the transformed embryos or
similar explants that will be transformed in the future. Besides, these observations give us valuable
information for future work as far as what type of promoter/s we could use when preparing plasmid

constructs in the future.

2.4 Generation of Embryogenic Cell Suspensions (ECS) From Immature Flowers (IMFs)

Successful genetic transformation in banana mainly relies up on the use of Embryogenic Suspension
Cells (ECS), which can also be maintained for years and be readily used in further transformation
studies. The procedure involves generation of friable embryogenic callus (4-6 months) and transfer
of selected embryogenic callus to liquid suspension medium for generating ECS. Using the Immature
Male Flower (IMF) method for generating embryogenic callus (EC), a total ~120 male flower buds of
different age (Fig. 4.) were obtained from banana plantations (Tzemach, The Jordan Valley) at
different times of the year and excised Immature Male Flower Buds (IMFBs) were inoculated on
callus induction medium. When “Embryogenic callus” complexes develop, samples were transferred
to suspension medium to generate production of ECS. Until recently most of the samples start to
release cells for some time and then stop dividing, which made the processes difficult. In this work
we were not able to get the type of ECS that we expected to use for transformation. In addition to
this, we obtained two times, ECS that was initiated at Tzemach. Although cells in the 15t sample
multiplied well, they were not able to regenerate or transformed. However, the 2" sample failed to
multiply, and the cells died in less than a week after arrival. We assume that the way the cells have
been brought to the lab or some other variable might have contributed to their failure to multiply.

While compiling this report we have been informed that new batch of cells will arrive to our lab.



24

~“Date | No.ofbuds | TypeofBuds

25-06-2019

08-7-2019

24-07-2019

— 31-07-2019

16-09-2019

23-09-2019

03-10-2019

Young Buds Included
A

Fig. 4. Date, number and representative types of male flower
buds used to induce EC production since late June 2019.

Relatively younger flower buds were used after mid Sep 2019.

However, recently, we’ve come to understand that one of the major obstacles that has been hindering
us from generating good quality ECS could be the age of the flower bud’s used. Especially in Grand
Naine, a few reports indicate that only very young male flower buds could be used to generate ECS.
When comparing the types of male flower buds that we’ve received at different time of the year to
initiate ECS, most of them look too old to do the same. As of mid Sep 2019, we’ve received young

flower buds and the response seems promising.

Callus initiated from old IMF buds Callus initiated from young IMF buds 80 days old
Fig. 5. Types of male flower buds and calluses obtained in the last 6 months. Calluses
initiated from old male flower buds look yellowish (after 90-120) and the flowers are detached
from the base of the callus complexes. Calluses initiated from young male flower buds look
whitish and friable calluses started to develop after 45-50 days of initiation. These friable
calluses appeared to become white and a few somatic embryos appeared after 80 days of

initiation.

While IMFs obtained from relatively old male flower buds took more than 90-120 days to show
calluses with a few somatic embryos, those IMFs started from young flower male buds were able to

produce white ECs with a few somatic embryos in about 80 days (Fig. 4). Such calluses seem very
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promising for ECS production and a few samples have been transferred to liquid suspension medium.
Most of the young IMFs are expected to give good quality EC, which would be transferred to liquid
medium in the coming days/months (Fig. 5). On the other hand, from those calluses, initiated from
old flowers, and transferred to ECS initiation medium a few of them have started to divide and release
cells. Although it is too early to judge the quality of these cells in terms of their regeneration potential,
we will test them in the coming 2-3 months and if they are found to give good regenerates, they will
be transformed with the available Agrobacterium strains harboring reporter genes, and additional

binary vectors received from Prof. Avi Levy’s lab.

2.5 |Initiation of Embryogenic Callus and ECS with FPX

Recently, Japanese scientists reported the capability of a compound called fipexide (FPX) in inducing
callus, both in monocots and dicots. We tested this compound in Valery and Grand Naine banana
explants and found out that it could induce callus and somatic embryo formation when in vitro grown
explants were incubated for about 3 months (Fig. 6). While significantly large number of explants
were obtained from Valery explants, Grand Naine explants were covered with endogenous

microorganisms, when the embryos were removed or during the establishment period of the ECS.

Fig. 6. Development of somatic embryos in FPX (30 uM) treated Valery explants. Swelling of
the explants after 3 months (A) Somatice embryos obtained from the internal parts of the explants
(B) and callus with somatic embryos from explants excised from including the meristem tip and leaf

sheathes and incubated on the same medium (C).

Those embryos from Valery were incubated in suspension medium in order to understand if they can
produce ECS. The embryos started to release single cells after a few number of days and continued
to multiply. However, removing the initial material from the flasks resulted in cessation of further
increment in the volume of cells and/or change in their composition/shape. For better results,
determining size of the explant, concentration of the FPX and duration of treatment seems
indispensable. To this end, Grand Naine explants were treated with 25 or 50 uM FPX and
observations on the change of the explant growth and differentiation is underway and Figure 6 show

some of the changes that are expected.
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When we asume that some of the embryos could release cells in suspension we transfer them and
incubate with shaking. One of the problems that we faced with this treatment is growth of endphytic
microorganisms that appeared during and after incubation in the semisolid medium. When
transfering some of the embryos, similar problems were observed. This might be due to the nature
of FPX, which might enhance growth of these microorganisms that are otherwise not easily become
culturable. It is our expectation that the FPX may work as it is expected to be, for induction of ECS.
Since there are no litrature to refere (in banana), and conduct experiments as we wish, it is our
expectation that it could take time to optimize some of the impornat helpful parameters. However,
initiationg more number of plants for calls induction and production of ECS seems highly important.
Currently, 150 invitro grown plantlets of appropirate size are incubated in a semisolid supplemented
with 25, 30 and 35 uM FPX (Fig.6).

Fig. 7. Response of Grand Naine explants exposed to different concentration of FPX. Explants
were treated with 25 uM FPx for a month (A & B) 25 uM FPX for 35 days (C) 50 uM FPX for a month
(D). Th Picture was taken immediately after removing the leaf sheaths (A — C) and 15 days after
placing the explants on semisolid medium supplemented with 50 uM FPX (D).

2.6. Generation of ECS at Tzemach

It is to be recalled that the 15t attempt of generating ECS started at Tzemach. To this end, a series
of experiments have been excuted and ECS with regeneration potentioals have been obtained (Fig.
8). However, the ECs has not been yet multiplied in sufficient quantities to use it in different

experiments.

Fig 8. Generation of banana plants from ECS. Embryogenic callus in suspension medium to
generate ECS (A), ECS on embryo formation media (B), Embryo maturation (C) and formation of

banana plantlets.
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As indicated previously, generation of ECS in banana is one of the most cahllenging activities in
banana improvement programs. Since we’ve identified the problems and we've started to make
comparision among different protocols we belive in that in the coming few months, a good ECS could

be generated.
2.7. Binary vectors for banana transformation towards resistance to Fusarium oxysporium

During the second year we (Levy lab.) have built a series of constructs to develop resistance to
Fusarium oxysporium. These constructs will serve three different approaches:

1. Transgenic approach: Express RGA2 or a new resistance gene under a strong heterologous
promoter.

2. Cisgenic Approach: Express RGAZ2 or a new resistance gene from banana under a native banana
promoter.

3. Gene targeting: Overexpress of endogenous RGA2 by replacement of native promoter by a
strong banana. promoter once a resistance gene is isolated, we will replace the sensitive gene
by a resistance gene.

4. During the past year, we have completed constructs for part 2.5.1 and 2.5.2 and we are in the

process of building constructs for 2.5.3 (details on 2.5.3 in future plans).

2.7.1 Constructs for the transgenic approaches are described in Figure 7
Here our goal is to overexpress the RGA2 gene under a strong promoter, namely the maize Ubiquitin
promoter or the 35S promoter. This approach has been shown to be successful for conferring

resistance to banana sensitive to the disease (Dale et al., 2017).

Transgenic approach:
Express RGA2 or new resistance gene under strong promoter

Constructs for calibration of Banana transformation protocol and gene editing

Nni'f Nos_P zﬁP m[UT_T PcUbi j PﬁA_T

< KanR mRFP & AtCasd 2

Pea3A T

358_px2 Cﬂﬁ_T 358 i cli_r PcUbi T []
KanR

mRFP 3 AtCas9 »

Fig. 9 Binary vectors for selection of transgenic approach strong promoter. Two cassettes
were prepared for evaluation of promoters. RFP reporter gene was expressed under Maize ubiquitin

promoter, or under CaMV35S promoter. Expression of these cassettes was tested in Lemna minor.
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The maize ubiquitin promoter gave strong RFP expression and was therefore selected for further
use.

NOS_P- Nopaline synthase promoter, KanR- Kanamycin resistance gene, NOS_T- Nopaline
synthase terminator, ZmUbi_P- Maize ubiquitin promoter, mMRFP-monomeric red fluorescent protein,
ZmUbiT- Maize ubiquitin terminator, PcUbi_P- Parsley ubiquitin promoter, AtCas9- Arabidopsis
optimized Cas9, Pea3A_T- Pea 3A terminator, 35S_px2- CaMV 35S double promoter, CaMV_T-
CaMV 35S terminator, 35S_P- CaMV 35S promoter, Pl- Potato proteinase inhibitor transit peptide,
OCS_T- Octopine synthase promoter.

The constructs for the transgenic approach were built and were given to Bekele Abebie from the
group of Amit Gal-On. They will serve for calibration of banana transformation. They are modular in
structure and the mRFP locus was replaced (see figure 8) by the resistance RGA2 gene and can be

replaced in the future by a new gene found through this study.

2.7.2 Cis-genic approach

The Cis-genesis approach consists in transformation of banana with DNA whose origin is from
banana. The DNA consists in expression of the banana resistance RGA2 gene under a strong
banana promoter and a banana terminator. If this chimeric gene confers resistance to sensitive
banana, we will excise the T-DNA components. In order to isolate a strong banana promoter, we
searched for a constitutive and strongly expressed banana gene. Ubiquitin proteins are constitutive
and often strongly expressed. We assumed that a homolog of the tomato Ubig10 protein might fulfill
the desired features. In collaboration with Navot Galpaz and Adi Feingenboim, screening RNA-Seq
data, such homolog was identified out of the Ubiquitin family: the Ma03_g24340 gene was found to
fulfil our requirements. The genomic sequence surrounding the gene was analyzed and a 1621 bp
fragment upstream of the MaUbi-ATG was amplified as a putative promoter. The genomic sequence
downstream of the stop codon was analyzed and a 1585 bp fragment was amplified as a putative
banana terminator. In order to validate the predictions we had made and the functionality of these
seguences a construct was prepared, as shown in Figure 8A and transformed into a duckweed
species, Lemna minor, with the help of Maja Cohen from the Levy lab. Lemna minor was chosen for
validation, first, because currently we do not have banana transformation working in the consortium
and second, because it is a monocot and a relative of banana. As can be seen in Figure 8B,
transgenic calli expressing the MaUbi cassette (promoter and terminator) Have a strong expression
similar to the maize Ubiquitin promoter ZmUbiP. This was a reproduced result in independent

experiments.
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A
H-:i_‘l' Nos_P Malbi_P Malbi_T
€ KanR mRFP =
B Ubiquitin promoters (from maize and Banana) tested in Lemna minor

Nos P MaUbi_P MaUbi_T Nos T Nos_P ZmUbi_P

() |

€ KanR € KanR mRFP 2

RFP BF RFP BF

Fig. 10. Evaluation of Banana Ubiquitin promoter expression for cisgenic approach. A. Binary
vector with Gran Nain Ubiquitin Ma03_g24340 promoter and terminator flanking an RFP reporter. B.
Ubiquitin promoters of Banana and Maize evaluation by RFP fluorescence in Lamna minor. The
expression of the two promoters is high. Gran Nain Ubiquitin Ma03_g24340 promoter and terminator
can be used for overexpression of Banana candidate resistance genes. NOS_P- Nopaline synthase
promoter, KanR- Kanamycin resistance gene, NOS_T- Nopaline synthase terminator, MaUbi_P-
Banana Ubiquitin promoter, MaUbi_T- Banana Ubiquitin terminator, ZmUbi_P- Maize ubiquitin

promoter, mMRFP-monomeric red fluorescent protein, ZmUbiT- Maize ubiquitin terminator.

For the resistance gene, we have isolated from the resistance M. malaccensis line obtained from
Navot, the RGA2 homolog. This homolog is close in sequence to the published resistance
malaccensis gene (Dale, J., James, A., Paul, J. et al. Transgenic Cavendish bananas with resistance
to Fusarium wilt tropical race 4. Nat Commun 8, 1496 (2017) doi:10.1038/s41467-017-01670-6), and
different from the sensitive one, however it has some variant amino acids that might be due to natural
polymorphism and that presumably do not affect resistance. It has been cloned, at the moment

under the ZmUbi promoter (Figure 9). It will be cloned under the MaUbi promoter.



30

Nos_T Nos_P MaUbi_P MaUbi_T

i B

 KanR MmRGA2

Fig. 11. Cassette for cisgenic expression of TR4 resistant line’s RGA2. Based on the high RFP
expression conferred by the Banana Ubiquitin promoter in Lemna minor (Fig 8B), a new cassette
with resistance candidate gene will be prepared. An RGA2 open reading frame was amplified from
M. malaccensis DNA using PCR primers as in Dale et al., 2017, and sequenced. Next, M.
malaccensis RGA2 will be cloned between the Banana Ubiqutin promoter and terminator. NOS_P-
Nopaline synthase promoter, KanR- Kanamycin resistance gene, NOS_T- Nopaline synthase
terminator, MaUbi_P- Banana Ubiquitin promoter, MaUbi_T- Banana Ubiquitin terminator,

MmRGA2- M. malakensis RGA2 open reading frame.

3. Conclusions and lessons

= Yet, we're not able to generate reliable hairy roots from banana explants transformed with 6 A.
rhizogenes strains, harboring different reporter genes.

= Execution of additional experiments, to generate roots with A. rhizogenes, from embryogenic
callus and/or somatic embryos might be helpful for generation of hairy roots from these
materials. We hypothesized that many cells on the calluses could be infected by the A.
rhizogenes strains and possibly hairy roots will be generated.

» Since there are established protocols, transformation of ECS and generation of transformed
banana plants with A. tumefaciens strain EHA105 and AGL1 seems to be highly important. For
this purpose, the use of appropriate responsive explants for generating transgenic plants, in a
relatively short period of time will be compared.

= With the commonly used immature flower method, generation of Embryogenic callus for
establishing ECS seems promising. The young IMFs are very responsive to the callus induction
treatments and generation of good quality ECS seems possible.

=  Among samples taken from old calluses, for initiation of ECS, a few of them have started to
release cells. Although their nature is not predictable at this juncture, if we are able to see their
regeneration potential, we will transform and regenerate them.

» The FPX seems another promising compound for callus production and possibly generation of
ECS. From the previous work and our current observation identifying the right time when to
take the calluses or somatic embryos to the liquid medium may give a positive result.

= Direct transformation and regeneration of explants following FPX treatment seems important.
FPX treated plantlets will be transformed to see if there is possibility of infection by the

Agrobacterium strains. In addition, regeneration of plants from the somatic embryos might help
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to get large number of explants for further testing, e. g. multiplying the transgenic plants that
we’re expecting to get.

A new banana promoter-terminator system was characterized for strong constitutive expression
in banana.

A new version of the Malaccensis resistance RGA2 candidate gene was characterized and
cloned

Constructs are ready for transformation into banana for the transgenic and the cis approach

4. FUTURE WORK

Production of ECS from the induced calluses and continuing new setups. Induction of ECS from
both calluses that we get will be used for generation of ECS.

Optimization of procedures for transformation of ECS. There are different reports that show how
banana transformation is being done.

Production of Embryogenic callus with a modified protocol. There is a recently obtained protocol
that we would like to test

Optimization of ECS establishment from FPX treated explants

Regeneration of plants from FPX induced somatic embryos

Transformation and regeneration of different explants (callus, ECS, somatic embryos)
Multiplication of in vitro plants and continuation of transformation of meristem tips or for using
them for generating ECS with FPX

Transformation of left-over calluses obtained during production of EC. We expect that, the
remaining part of the embryogenic callus (after removing the embryogenic callus for initiation
of cell suspension) the part that remain could respond to agrobacterium infection.

Developing the CRISPR-based gene targeting approach

Our general gene targeting strategy is similar to that described in earlier study in tomato. It is based

on DSB induction in the target gene and amplification of the donor, as shown in Figure 10.

Gene Targeting Strategy:
Combine efficient DSB induction and donor amplification

 CRISPR/CS9,

Allele -

\ Donor
‘ 7 template

Homologous
recombination
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Fig. 12. Gene targeting concept. We want to replace a native allele with a new combination of
native sequences. For example, replace the Gran Nain TR4 sensitive line’s RGA2 by the M.
malaccensis RGA2. The donor template will have the replacing sequence flanked by sequences
homologous to the target region. To obtain a high amount of the donor template, it is cloned within a
geminiviral replicon. The target native allele is specifically cut by CRISPR/Cas9, to induce
homologous recombination repair and thereby replacement of the native allele with the donor.

We will try two scenario: The first, as shown in Figure 11, consists in replacing the RGA2 native
promoter by the strong constitutive banana promoter that we have isolated. The second scenario
consists in replacing the coding region of the sensitive endogenous allele by the resistant one (from

a resistance variety)—this will be done once the actual sensitive allele will be identified.

Approach 1: Replace RGA2 promoter by Approach 2: Replace sensitive allele by
strong banana promoter resistant one
RGA2 genomic target Genomic target= Sensitive gene TBD

i] > RGA2 [ ] t] > sensitive | |
Donor : e Donor C] > Resistant | |
}

!
: RGA2 [ | i]> Resistant | |

Outcome=Fixing the sensitive allele by a resistant

Outcome=overexpressed RGA2 at native site
homologous allele from resistant accession

Fig. 13. Gene targeting approaches. Approach 1 — overexpression of RGA2 at its native site-
replace the TR4 sensitive Gran Nain RGA2 promoter by a strong Banana promoter (Ubiquitin
promoter as in Figure 8B). We expect this approach to confer TR4 resistance if the limiting factor of
sensitivity is the RGA2 expression level. Approach 2 — replacing a sensitive allele by a resistant
homologous allele — replace the TR4 sensitive Gran Nain RGA2 open reading frame, or part of it, by
the same part of M. malakensis RGA2. We expect this approach to confer TR4 resistance if the

limiting factor of sensitivity is the RGA2 protein sequence.

The system will be adapted for work in monocots, using as a source to build a gemini viral replicon

the Wheat Dwarf Virus (WDV) as shown in Figure 12.
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Construct for gene-targeting (To Be Done)

wDv
LIR
ZmUbi_P ZmUbi_T

‘¥ CN e Cﬁ? i e

€ KanR gRNA>  Donor WDV Rep 2 AtCas9

FIGURE 12 Gene-targeting cassette with Wheat Dwarf Virus (WDV) geminiviral amplicon. The
amplified region is between the the WDV LIR sequences and contains the donor sequence for
homologous recombination. The guide RNA (gRNA) is designed for recognition the genomic target
and its specific digestion by Cas9. Both WDV Rep and AtCas9 are under promoters that give good
expression in monocots. NOS_P- Nopaline synthase promoter, KanR- Kanamycin resistance gene,
NOS_T- Nopaline synthase terminator, OsU3p- Rice U3 promoter, LIR- long intergenic region, SIR-
short intergenic region, PcUbi_P- Parsley ubiquitin promoter, Rep- replication initiator protein,
Pea3A T- Pea 3A terminator, ZmUbi_P- Maize ubiquitin promoter, AtCas9- Arabidopsis optimized
Cas9, ZmUbiT- Maize ubiquitin terminator.
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Consortia/treatment name

Isolates name

Consortium 1

L55+ L17 + S60

Consortium 2

L66-02 + L47 + L72-02

Consortium 3

M141A/A + M141B

Consortium 10

M91 + M209B + M209A

Consortium 11

M203 + M138 + M56

Consortium 12

M145 + M26 + M40B + M76

Consortium 13

M88B+M7B + M80OA/A

Consortium 14

M172A + M172B + M88A + M7A

Consortium 15

M6B/A + M80B + M6B/B

Consortium 16

M196 + M38 + M197 + M170

Consortium 17

L65-02 + L13-02 + KO7

Consortium 18

S89 + S32 + S10

Treatment 4 NYG5
Treatment 5 G14
Treatment 6 GO7
Treatment 7 S25
Treatment 8 APQO9
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Table 1: different treatment for greenhouse experiments
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Compound , Molecular
Putative compound name
# formula
1 Dibenzocyclooctadiene lignan (schilancifolignan) | C23H2806
2 8,12,13-trihydroxy-9,10-15,16-diene-Octadecanoic acid (trihydroxy | C18H3205
fatty acid)
3 Kenposide A (O-Hexosyl-pentosyl-geraniol) | C21H36010
4 5-Methoxy-1,7-diphenyl-3-heptanone | C20H2402
5 4-0O-geranyl-p-coumaroyl alcohol | C19H2602
6 Sesqiterpenyl-coumarin | C24H3004
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1. Dibenzocyclooctadiene lignan (schilancifolignan)

2.8,12,13-trihydroxy-9,10-15,16-diene-Octadecanoic acid (trihydroxy fatty acid)

HO HO HO

3. Kenposié% A (O-Hexosyl-pentosyl-geraniol)

I/,A—
-

E/(

OF

4. 5-Methoxy-1,7-diphoényl-s-ﬁ%ptanone

e

5. -geranyl-p-coumaroyl alcohol

6. Sesqiterpenyl-coumarin

[o}

HO
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