Identification of Cotton Genes Conferring Resistance against RKN
Application of procedures from other plant-nematode pathosystems to
solve the problem
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Introduction

(1) outline of the cell biology approach to studying infection
(2) gene discovery

(3) cell genotyping

(4) functional studies

(5) development of the cotton pipeline



GOAL: Gene expression is organized in a manner to best
Identify genes that pertain to defense, to engineer resistance

gene discovery

transcriptional/
association

mapping




The range in the ability of soybean to resist infection suggests
variability exists at the cellular level in the different genotypes as
they cope with infection

Relative susceptibility of soybean varieties to the soybean cyst nematode
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SCN infection is tightly linked to specific
types of cells in the root

soybean root

)

—~~ cortex

<€ epidermis

endodermis

pericycle

The pericycle or nearby neighboring
cells are the sites of infection and
establishment of nurse cells (syncytia)

vascular cylinder




the resistant reaction undergoes two
developmental phases

resistant (R)

susceptible (S)

Phase 2:

resistant and susceptible
reactions at the syncytium
appear different

Phase 1:

resistant and susceptible
reactions at the syncytium
appear the same

adapted from
Klink et al., 2009



Phase 1: susceptible and resistant reactions
dissolution of cell walls

hypertrophy
an enlargement of nuclei
the development of dense cytoplasm

an increase in ER and ribosome content

Sources: Endo, 1964, 1965; Riggs et al. 1973; Kim et al. 1987; Kim and Riggs, 1992; Mahalingam
and Skorpska, 1996



Phase 2: susceptible reaction

hypertrophy of nuclei and nucleol
proliferation of cytoplasmic organelles
reduction and dissolution of the vacuole

cell expansion as it incorporates and fuses
with adjacent cells

Sources: Endo and Veech 1970; Gipson et al 1971; Jones and Northcote, 1972; Riggs et al. 1973;
Jones, 1981



Phase 2: resistant reaction

- depends on the genotype of soybean

Sources: Endo and Veech 1970; Gipson et al 1971; Jones and Northcote, 1972; Riggs et al. 1973;

Jones, 1981



From a series of cytological and ultrastructural studies, the resistant
reaction was classified into two major types

Peking-type Pl 88788-type

Peking-type

-potent and rapid resistant
reaction (4 dpi)

-have cell wall appositions

-have a necrotic layer of cells
that first surrounds the

syncytium \

-SCN development is blocked at  \
parasitic J2 stage

Pl 88788-type

-potent but prolonged resistant
reaction (5-6 dpi)

-lacks cell wall appositions

-lacks a necrotic layer of cells
that surrounds the syncytium
during the resistant reaction

-SCN development is blocked at
J3-J4 stage

Sources: Ross, 1958; Endo 1964, 1965, 1991; Endo and Veech 1970; Gipson et al 1971; Riggs et
al 1973; Kim et al, 1987; Kim and Riggs 1992; Mahalingam and Skorpska, 1996; Colgrove and

Niblack et al. 2008 (adapted from Matsye et al. 2011)



(2) gene discovery



experimental approach: cell-type specific analyses

Why cell-type specific analyses?

(1) The feeding site (arrow) is the site of the
(TR

LG resistant reaction
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/(2) By collecting feeding sites, we would be
concentrating the cell types undergoing
the resistant or susceptible reaction

(3) By concentrating the feeding sites, we
would maximize the chances of
identifying gene expression patterns that
pertain to the resistant or susceptible
reaction



challenge: identifying a technology to isolate syncytia

Laser microdissection
(LM)




cell collection

Klink et al. 2005



gene expression studies

Peking

)(
L)

Sample A: present call-discarded in differential expression (DE) studies

‘ Sample B: present call-discarded in differential expression studies
A U B: present call, considered in DE studies-not DE

A U B: present call, considered in DE studies-DE-induced

A U B: present call, considered in DE studies-DE-suppressed




Analysis approaches

(1) Intergenotype studies:

What genes are either uniquely expressed or expressed in common
between the Peking and Pl 88788 forms of the resistant reaction?

(2) Time point studies:

What genes are uniquely expressed during the resistant reaction at a
specific time?

(3) Time series studies:

What genes are uniquely expressed throughout the resistant reaction?




(1) Intergenotype studies
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Outcome of the intergenotype studies

-The Peking and PI 88788 genotypes share a common genetic
program that is engaged during their defense responses.

-The Peking and PI 88788 genotypes have gene expression that is
occurring during their different forms of the defense response

6 dpi
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Matsye et al. 2011
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(2) Time point studies
Designed to identify genes that pertain to defense at a specific time
point

6 dpi
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(3) Time series studies:

Designed to identify genes that always pertain to defense
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(3) Time series studies: 3 & 6 & 9 dpi

pericycle and
surrounding
cells

\ resistant

susceptible
syncytia Matsye et al. 2011
chromosomal location Gene Annotation lllumina: % of tags
Glymal3g06450.1 unknown 17.3967
Glymal7g07250.1 XYLOGLUCAN ENDOTRANSGLYCOSYLASE 6 (XTR6) 11.66824
Glymal4g07460.1 BOTRYTIS-INDUCED KINASE1 (BIK1) 9.966236
Glymal2g33530.1 fasciclin-like arabinogalactan protein 9.2 7.118084
Glyma03g35180.2 zinc finger (AN1-like) family protein 6.697751
Glyma08g03130.1 hua enhancer 2 (HEN2) RNA helicase IN 1.846705
Glyma05g05290.1 Bax inhibitor-like protein 1.529733
Glymal2g35990.1 Bax inhibitor-like protein 1.442451
Glyma02g11060.1 AP2/EREBP-Mediated Defense Pathway 1.120886
Glyma04g43160.1 ubiquitin-fold modifier 1-like (Ufm1) 1.070354

Glymal13g42330.1 LIPOXYGENASE 1 (LOX1) 0.243471



Kyoto Encyclopedia of Genes and Genomes (KEGG): (Goto et al. 1996)
designed to computerize the current knowledge of metabolic and

regulatory pathways. KEGG includes a plant database (Masoudi-
Nejad et al. 2008)

et aminobenzoate
— ] o degradation

Pathway Analysis and Integrated Coloring of Experiments (PAICE):
(Hoseini et al. unpublished; Matsye et al. 2011).

steroid
biosynthesis
pathway




Specific biochemical pathways are active in specific cell types during
the defense response

PAICE Pathway 3 dpi 6dpi 9dpi PAICE Pathway 3 dpi 6 dpi 9 dpi
Alanine, aspartate and glutamate metabolism Cysteine and methionine metabolism

pericycle and _
surrounding syncytia-R
cells

Legend:
@ green = expressed in resistant and susceptible syncytia
gray = susceptible syncytia only

Av& yellow = expressed in all studied cells
purple = pericycle only

pink = expressed in pericycle and susceptible syncytia

black = expression not detected in studied cells

susceptible



metabolic activity of SCN infection

PAICE Pathway
Alanine, aspartate and glutamate metabolism
Amino sugar and nucleotide sugar metabolism
Aminoacyl-tRNA biosynthesis
Arachidonic acid metabolism
Carbon fixation in photosynthetic organisms
Carben fixation pathways in prokaryotes
Glycerolipid metabolism

I hospholinid bali
Glycerophospholif

Fructose and mannose metabolism

ly inoglycan biosynthesis - chondroitin sulfate
Gl Iphosphatidylinositol(GPI)

y )-anchor biosynthesis
Glyoxylate and dicarboxylate metabolism

Lysine degradation
N-Glycan biosynthesis

Ni

and

Nitrogen metabolism

One carbon pool by folate
P; h and CoA bi h

Porphyrin and chlorophyll metabolism
Pyrimidine metabolism

Riboflavin metabolism

Valine, leucine and isoleucine biosynthesis
Taurine and hypotaurine metabolism
Various types of N-glycan biosynthesis
Zeatin biosynthesis

Biotin metabolism

Ether lipid metabolism
Fluorobenzoate degradation

Indole alkaloid biesynthesis

Ii Ikaloid bi h
Y

Lipoic acid metabolism
Lipopolysaccharide biosynthesis
Sphingolipid metabolism
Toluene degradation
Biosynthesis of alkaloids derived from shikimate pathway
Biosynthesis of alkaloids derived from terpenoid and polyketide
Citrate cycle (TCA cycle)
Glycine, serine and threonine metabolism
Glycolysis _ Gluconeogenesis
ly inogly biosynthesis - hep sulfate
Oxidative phosphorylation

Pentose and glucuronate interconversions

Pyruvate metabolism

Fatty acid biosynthesis

Ascorbate and aldarate metabolism

Folate biosynthesis
. .

I bi hesis - keratan sulfate

y is - ganglio series
y is - globo series
y is - lacto and

series
Lysine biosynthesis

Mugcin type O-Glycan biosynthesis

Streptomycin biosynthesis
Ubiquinone and other terp
beta-Alanine metabolism

el i +
q Y

Butanoate metabolism

Butiresin and neomyein biosynthesis
C5-Branched dibasic acid metabolism
Carotenoid biosynthesis
Glycosaminoglycan degradation
Terpenoid backbone biosynthesis
Thiamine metabolism

PAICE Pa

ine metabolism

Cysteine and methi
Methane metabolism
Phenylpropanoid biosynthesis
Propanoate metabolism

Starch and sucrose metabolism
Biosynthesis of terpenoids and steroids
Diterpenocid biosynthesis

Chlorocycloh and chlorob degradation
Steroid biosynthesis
Steroid hormone biosynthesis
Metabolism of xenobiotics by cytochrome P450
Other glycan degradation
Biosynthesis of alkaloids derived from histidine and purine
Biosynthesis of alkaloids derived from ornithine, lysine and nicotinic acid
Drug metabolism - cytochrome P450
Glutathione metabolism
Selenocompound metabolism
Sulfur metabolism
Phenylal tyrosine and tryptophan biesynthesis
Primary bile acid biosynthesis
Chloroalkane and chloroalkene degradation
Isoflavonoid biosynthesis
Pentose phosphate pathway
Novobiocin biosynthesis
Tropane, piperidine and pyridine alkaloid biosynthesis
Tyrosine metabolism
Anthocyanin biosynthesis
Biosynthesis of phenylprog id
h d boli

y is of
Biosynthesis of plant hormones
T cell receptor signaling pathway
Arginine and proline metabolism
Flavonoid biosynthesis

Galactose metabolism
i erobial boli

in diverse envir
mTOR signaling pathway

Purine metabolism

Cyancamino acid metabolism
Phenylalanine metabolism

Histidine metabolism

Tryptophan metabolism

Inositol phosphate metabolism
Phosphatidylinesitol signaling system
Fatty acid metabolism

Benzoate degradation

Biosynthesis of unsaturated fatty acids
Fatty acid elongation in mitochondria
Aminobenzoate degradation

Styrene degradation

alpha-Linolenic acid metabolism
Ethylbenzene degradation

Geraniol degradation

Valine, leucine and isoleucine degradation
D-Alanine metabolism

Peptidoglycan biosynthesis

Retinol metabolism

Photosynthesis

Legend:

green = expressed in resistant and susceptible syncytia
gray = susceptible syncytia only
yellow = expressed in all studied cells

purple = pericycle only
pink = expressed in pericycle and susceptible syncytia
black = expression not detected in studied cells

Matsye et al. 2011




(3) cell genotyping
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Gene expression occurring at the rhg7-b locus in
both Peking and Pl 88788 as compared to pericycle

(3dpi) (6dpi) (9 dpi) (3/6/9 dpi)
PCS PCS PCS PCS

trehalose-6 phosphate
myo-inositol-3-phosphate synthase (MIPS)
N/A

short chain dehydrogenase/reductase
conserved protein

GAMMA-GLUTAMYL TRANSPEPTIDASE 1
amino acid transporter

[ alpha-soluble NSF attachment protein
conserved protein

ATP-dependent rRNA helicase spb4
hydrolase

ferritin

N/A

eukaryotic translation initiation factor 2

o0
X
X
oo

pollen Ole e 1 allergen and extensin family
conserved protein
ribosomal protein L10a

LEGEND
not present

# syncytium N/A
@ pericycle
i commmon Expression confirmed by lllumina® deep sequencing
@ resistant
syncytium

(only) Matsye et al. 2011



outcome of the time point studies

-The gene expression that is common to Peking and Pl 88788 is
also occurring specifically during the defense response.

- Some of the genes are expressed throughout the defense response

pericycle and
surrounding resistant

o
()

susceptible
syncytia

Pl 88788

Matsye et al. 2011



(4) functional studies




A. rhizogenes-mediated soybean transformation method

grow plants develop expression transgenic plants
: vectors

/‘ pRAP15 #

e ccdBgene [N oGFP
- T
Bl Gateway cassotto intron 1 Il backbone

B atr B ccdB gene Tetg

Matsye et al. submitted



susceptible soybean genotype that is genetically engineered is tested
for resistance to SCN

in planta / nematode
expression .
nepmatode infect for 30 days o assay
inoculation & | 1007
90 -
it
% 70 -
L £ o
¥ Bo
g 40 -
| o 30 -
- o,
nematode 10 - ?
feeding 0 - .
Experimental

treatment



Susceptible soybean genotype that is genetically engineered can
suppress infection by SCN

%
100 - _
90 - N = number of replicates

80 -
70 A
60 -
50 A
40 -
30 H
20 -
10 -
0 -

Female index

wsa2 ws2 Peking
Control OEin W82 Control OE in W82 Control OEin
R1 R1 R2 R2 Peking

Experimental treatment

Matsye et al.
submitted




reverse genetic screens are revealing that it is possible to
make a susceptible soybean genotype resistant to SCN

in planta
expression/
nematode
inoculation

.(

nematode
feeding

SCN (% of control)

300
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Female Index (Fl)

genel gene 2 gene 3 gene 4 gene5



(5) cotton pipeline



A. rhizogenes-mediated cotton transformation method:

(1) collecting cotton




A. rhizogenes-mediated cotton transformation method:

(2) trimming cotton roots
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enes-mediated cotton transformation method:
(4) cocultivating cotton with A. rhizogenes
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A. rhizogenes-mediated cotton transformation method:
(5) vacume infiltration of cotton with A. rhizogenes
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A. rhizogenes-mediated cotton transformation method:
(6) Incubate cotton at 28 degrees C.




A. rhizogenes-mediated cotton transformation method:
(7) culture cotton under lights




A. rhizogenes-mediated cotton transformation method:
(8) cotton after two weeks




A. rhizogenes-mediated cotton transformation method:
(9) transgenic cotton




cotton pipeline: cell collection

Root knot nematode life cycle

J2s initiate feeding sites by

injection of esophageal gland Nematodes develop
secretions into root cells, / into J3, J4 and adult
forming “giant-cells” ff stage. Galling occurs

A 4

: as a response to
) v\ nematode parasitism.

J2s enter roots
and migrate to the
area of cell elongation

Infective juvenile Eggs are exuded
(J2) is attracted into an egg mass

to growing roots on the outside AZ¢
of the female [

_..?':_\.\A

-
»’
.

AAAAA
= )
A

First stage @ “~ ggg

juvenile (J1) / ) Masses
molts within egg '\///—-- = / >1000 eggs. Males are

]‘i&- unnecessary in most

//// species, but are some-
7~ Heavily galled roots times encountered.
/ provide minimal resources
Courtesy V. Brewster for the rest of the plant. Root-knot nematodes disease cycle

http://www.apsnet.org/edcenter/intropp/lessons/Nematodes/Pages/RootknotNematode.aspx



before LM after LM
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After gene expression studies, genetic engineering procedure is used
to test gene function for resistance to RKN

in planta / nematode
expression .
nepmatode nfect " assay
inoculation 1007
90 -
il
% 70 -
N, £ -
T @ 50 |
‘ |< g 40 -
@ 30 -
4 o,
nematode 10 - ?
feeding 0 - .
Experimental

treatment



conclusions

The natural genetic variation in both plant and nematodes
presents a major challenge for their control.

At the same time, the variation provides a substantial genetic
toolbox because the genetic tools are in hand to manipulate it.

Annotation of gene expression occurring in the different cell
types, makes it is possible to understand the mechanism of
successful and failed parasitism.

That knowledge then can be used to engineer resistance that
relates to the different plant genotypes of interest.
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