Development of Genomic Tools
for RKN Resistance Breeding in Cotton

Dr. Hongbin Zhang

Department of Soil & Crop Sciences and
Institute for Plant Genomics & Biotechnology
Texas A&M University, College Station, Texas



Development of Genomic Tools
for RKN Resistance Breeding in Cotton

= Root-knot Nematode Resistance

=  Mapping Populations

= PCR-based DNA Marker Development

= (Candidate Genes for Resistance to Different
Pathogens, including Nematodes

= Large-insert BAC libraries

= Integrated Physical and Genetic map
construction

o Future Research Directions and Plans



Auburn 623

Deltapine 16



Wild Mexican Jack Jones Clevewilt 6
2.2 1.4

Auburn 623 RNR Auburn 56 2.4

=

Auburn 634 RNR

0.4
Stoneville 213
_ Auburn 56
Detlapine 61 / Coker 201 Coker 310 2.4
3.6 2.0 .

3.8

M-92 RNR 04 M-240 RNR 0.6 M-120 RNR 0.2 M-155 RNR 0.6 M-331 RNR 0.8
M-249 RNR 1.0 M-315RNR 1.8 M-725 RNR 1.6
M-272 RNR 0.4

Pedigree of the cotton highly root-knot resistant (RNR) Auburn lines



Development of Genomic Tools
for RKN Resistance Breeding in Cotton

= Root-knot Nematode Resistance

=  Mapping Populations

= PCR-based DNA Marker Development

= (Candidate Genes for Resistance to Different
Pathogens, including Nematodes

= Large-insert BAC libraries

= Integrated Physical and Genetic map
construction

o Future Research Directions and Plans



Mapping populations for RKN resistance

1. G. hirsutum x G. hirsutum

Auburn 623 x Deltapine 16 and reciprocal cross: > 10,000 F,
Wild Mexican Jack Jones x Deltapine 16: > 5,000 F,,

2. G. barbadense x G. hirsutum

Pima S6 x Auburn 623 and reciprocal cross: > 10,000 F,
Pima S6 x Auburn 623 RILs: 202 F,RILs
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PCR Analysis
of the Five Pairs of NILs of RKN Resistance
with Oligo Primers

* A total of 700 oligo primers were screened

» Six oligo primers were identified to give
polymorphic bands between the RKN resistance
lines and the RKN susceptible lines
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PCR analysis of the RKNR NILs with oligo primers
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randomly selected from the Pima S6 x Auburn 623
F, population with primer 11
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TABLE 1

Classes of charactenized R genes

Introgressed
Imicraction FPredicied protein Complex from wild
Classigene {Host/pathogen) sirmciure Incus® srcies Heference
I L Flax/Melampsora finf TIR-MES-LER Mo Mo IBL}
M Flax/ Melampsora finf TIE-MES-LER Yes Mo 12}
N Tobacoa TV TIR-MES-LER Yes Yo (154
P Flax/ Melampsora finf TIE-MES-LER Yes Mo [35)
RFM Arehidopsis Feromosporg TIR-NESLER Yes Mo i ldy
RFPF Arabidopsis Peromosporg TIR-NES-LER Yes MNa (107)
EPSS Arabfdopsis' Psedfom anas TIR-NBS-LRR M Mo B LY
iRy Peppec’ Xamthemomay MNES.LER Yes s [134])
e ? Lettrece/Hremza MNESLER Yes Mo [
Capa I d Pt rlahedera MWHESLER Yex Y [REE]]
Potato'PVX (Bxl) 5}
2 Tomato Flesariumr MES-LER TE ‘:‘-E [0, 122
M Tomato Welmideg e MESLER Yes Yes [
Macrozphum MWESLER Yes Tes LI, Ldb)
Mia Barley/ irseerta MNESLER Yes Mo P62
Fih Race Magmaperthe HNEESLER Yes Mo [REET]
Pidda Ripe' Magmaportie HESLER i Mo I 18}
Frit Tomato! Myeradowra o MNES-LER Yex s [RRE1]
Rl Mlarre' Prccinia MWHESLER Yes ts] [X5h
P Arabfdopeis Prmidom onas MWEELER M Mo [EEH]
@m"]"ﬁ:ﬂkr Arebidopxie Peromosporg MES:LER Yex Mo B9}
Arabfdopsis TOV (HET ) [2Ty
RF/MIT Arabidopsis Feromospora MES-LER M N I1Lp
RPSX Arabidopsis'Psedom onas MESLER M Ma %, 100}y
EPSF Arabidopsis'Psendom onas MES-LER M Ma 149
ey Po s PV MESLER Yes Yes 5}
Sw-¥ Tomata! Taspaovirs MWHESLER Yes Y [ 1&p
Xaf Ripe/ Xanthomonas MES-LER M Mo I 158}
2 RS TomatoLadkaspaorin LER-TM Yes Yes [32p
i TomatoLadkaspaorii LER-TM Yes Yes (65, 137, 141 )
3 P Tomato! Pyersdowne mos Pratemn Einass Yes Y (BT)
4 XKalf Ripe Xanthomones LER-TM-Kinmse Yes ios 129
8 HEp Beet Heterodera Ulnigues® Mo Ys [20p
6 Rpwd Arnbdopsis Erisypie Ui Yes Mo [157)
T mile Barley/ Bliemerta wlembrare Prard Mo juts] 19y
B Fiwl Mlarre’ Coclivhofuy Toxen redwociase Mo i [GE)

NBE = macleatide bmding sile. LER = leucimesrich repoat. TIR = domain with bomalogy to the ?5df gene of Dhosapiiia,
aed the fnterdenkin-d receptor of mammals. TM = trnsmembrane domaine Domams are listed as they appear m the proteiss
from N o O kermisal end.
*Camplex locus” mdicales the gane belomgs o a tightly linked family of highly homalopous genes.

by i required for Pie mediabed resistance o P onwingae py lowate simies carrying avePe and for the Few madinted,

by persensitiveslike reacton o the arganophosphate msecticide Femthoon,

“The predscted HFIP™ protem was argimlly reported o have a LRR-TM signabare though it poorly fils the LRR consensas
and has minimal similanty o other known resistonee gemes (400

APredicted SlkDa protein is membrase anchored with at kst & membrane spanning belices.

(Hulbert et al. 2001. Ann. Rev.
Phytopathol. 39: 285-312)



Ramalingam et al. 2003. Molecular Plant-Microbe
Interactions 16:14-24

Candidate defense genes from rice, barley, and
maize and their association with qualitative and
quantitative resistance in rice
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NBS-LRR-encoding genes and their organization
in the genome

Species Genome No. of NBS- No. ofloci  References
size (Mb/1C) LRR genes

Arabidopsis 145 166 91 Richly et al. 2002

Japonicarice 430 500 - 750 >52 Goff et al. 2002
Meyers et al. 1999
Santos et al. 2002

Indica rice 430 500 — 750 >142 Meyers et al. 1999
Santos et al. 2002

Soybean 1,100 1,500 — 2,000 334 Wu et al. 2003
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Fig. 1. Example of the soybean R gene cluster BAC contigs (A) and the digitized fingerprints of the
contig BACs (B). This contig consists of 24 BACs, spanning 727 kb in physical length, and is mapped
to the region of linkage group J of the soybean genetic map containing the genes conferring resistance
to powdery mildew (Rmd) and Phytophthora stem and root rot (Rps2), and the gene for ineffective
nodulation (Rj2). Ten of the 24 BACs prefixed with “E” were from the soybean cv. Forrest BAC library
and 14 prefixed with “IS” from the soybean cv. Williams 82 BAC library. The “E” clones suffixed with
a, ag or acg indicate the clones that were hybridized with probes RGA1, RGA1 and RGA7, or RGAI,
RGA3 and RGA?7, respectively. The locations of the RGAs in the “IS” clones were not studied.

(From Wu et al. 2003)



700 bp —»
560 bp —> B

PCR products of cotton Auburn 623 genomic DNA
amplified using the degenerate primer pair designed
from the conserved motifs (NBS-LRR) of the cloned
plant disease resistance gene-encoding proteins



Ordered library of candidate genes for
resistance to fungal, nematode, bacterial,
pest and viral pathogens in cotton
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Table 1. Cotton BAC and BIBAC Libraries Constructed by the the USDA-ARS
and the TAMU GENEfinder Genomic Resources at College Station, Texas.

Genotype Genome size  Mean No. of Genome Vector Cloning
(Mb/1C) insert size (kb) clones equivalents

Auburn 623 2,250 140 44,100 2.7x pBeloBAC11 Bam HI1

Total 341,316 20.1x
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'DNA Markers |

RFLP - Restriction Fragment Length Polymorphism
STS - Sequence Tagged Site

CAPS - Cleaved Amplified Polymorphic Sequences
RAPD - Randomly Amplified Polymorphic DNA
AFLP - Amplified Fragment Length Polymophism
SSR - Simple Sequence Repeat or Microsatellite
SNP - Single Nucleotide Polymorphism



[Gene Mapping]

The most popularly used method of mapping
genes is genetic mapping that is based on:
[1] recombination frequency, and
[2] polymorphism




Gene Isolation

Library screening

DNA subtraction and differential display
EST and genome sequencing

T-DNA or transposon tagging
PCR-based gene candidate

Positional cloning




Positional cloning

Gene genetic mapping

v
Physical mapping (optional)

v

Chromosome landing or walking

v
High-resolution mapping

v

Gene Ildentification




[ Integrative Physical Mapping ]

Physical mapping: Reconstruction of chromosomes from DNA
fragments cloned in BACs, PACs, PBCs and/or YACs

Chrom. DNA
molecule
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map
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[Significance of An Integrated Map for Genome Research}

It is a “freeway” for rapid isolation of numerous mapped genes
and QTLs, and for many other genetic and biological studies

Pre_cise anoi Gene golfing Precise and rapid
rapid mapping mapping of all

of all genes \ T / microsatellite loci
Genome DNA marker-based
organization \ An _—¥ gene manipulation
Genome
Gene structure/
Integrated

organization/ <«—— o
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Genlo;r_le el ™~ Gene regulation
evolution
Genome / * \ Genel/gene

sequencing Gene fishing interaction



BAC-based Physical Maps Constructed
(as of November 20, 2002)

Physical Maps Published

» Arabidopsis (Marra et al. 1999; Chang et al. 2001)

* Drosophila (Hoskins et al. 2000)

 Human (International Human Genome Mapping
Consortium 2001)

* Indica rice (Tao et al. 2001)

» Japonica rice (Chen et al. 2002)

* Mouse (Gregory et al. 2002)

Physical Maps under Construction:

Soybean (NSF, IUSB - TAMU/SIU), maize (NSF - UMC/AU/UNJ),
wheat D genome (NSF - UCD/TAMU), tomato (NSF - CU/AU),
chicken (USDA, NIH - MSU/TAMU/WU)



Integrative Physical and Genetic Mapping of
Agricultural Genomes
(1997 — present)

Pl/Co-Pl: Hongbin Zhang

Species BACs/ Progress Funding Agencies
BIBACs

Indica rice 21,078 Tao et al. 2001 RF, THECB, TAES
Arabidopsis 10,368 Chang et al. 2001 NSF, THECB

Soybean 85,944 Wu et al. 2003 NSF, IUSB
Chicken 66,048 Ren et al. 2003 USDA, IFAFS
Japonicarice 23,040 Li et al. 2003 RF, TAES

Cotton >200,000 Fingerprinting




TM-1 Hind Ill BAC library (3x)
TM-1 Eco RI BAC library (3x)
TM-1 Bam HI BIBAC library (4x)

ib
Kohel Lab s::r;?err)(mg Fing_erprinting and
Yu Lab contig assembly

DNA marker- .
containing BACs BAC contigs Zhang Lab

BAC-FISH l

A physical and genetic
A cytogenetic map integrated map

Stelly Lab \ /

A genetic, physical and cytogenetic integrated map

Cotton genetic map

. Refine the map with
Collaborative | the TM-1 NIL BAC library

efforts - chromosome landing
- chromosome walking

A genetic, physical and cytogenetic integrated map

A strategy for integrative mapping of the cotton genome



Collaborative efforts:

Development of a Robust Integrated Physical and
Genetic Map of the Cotton Genome

* If possible, please use the source BACs of the cotton
integrated physical and genetic map under development
so that your DNA markers or genes will be automatically
incorporated into the cotton genetic and physical maps

* If a non-source BAC library of the map is used in your
research and you could send the BAC clones to us,
we could fingerprint and incorporate them into the cotton

genetic and physical maps

In return, you will be able to use the integrated physical
and genetic map in your research



A BAC-based map contig
Contig assembly g
(FPC) =
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BAC fingerprints from one channel
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Automated procedure for physical mapping with BACs



Three-enzyme Kit
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A: BAC fingerprint images B: BAC fingerprints from one channel of the ABI 3100 analyzer

BAC fingerprints generated by the thee-enzyme kit: Enzymes: Hind lll, Bam HI

and Hae lll; one-tube one-step reaction; 2 BACs per channel of ABI 3100; and
readable fragments range from 35 to 500 bases.

(Xu, Sun amd Zhang, unpublished)



Table 2. Progress of whole-genome physical mapping of
the cultivated cotton (as of August 2003)

Genotype Mean No. of
insert clones

Genome
equivalents

Cloning No. of clones
site fingerprinted

size (kb)
TM-1 152 53,760
130 76,800
Total 130,560

pECBACI

Hind III 23,040

pCLD04541 Bam HI 76,800

99,840 (6.1x)




Status of the Cotton physical map

from automatic assembly

Date August 18, 2003
Number of clones in FPC database 85,040
Coverage of the clones 5.6 X
Number of singletons 11,411
Number of contigs (75,466 )
Contigs containing

> 200 clones 1

101 — 200 clones 0

51 — 100 clones 1

26 — 50 clones 11

10 — 25 clones 330

3 -9 clones 3537

2 clones 1766
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Future Research Directions and Plans

1. Construct the high-density local genetic maps for the
loci containing RKN resistance genes using the primers
and the cotton disease resistance gene candidate
clones identified, and other available DNA markers

2. Develop two or more PCR-based, user-friendly, highly
polymorphic and closely linked DNA markers for each
locus of the RKN resistance genes using the cotton
physical map

The genetic distance between the genes and the markers
should be within 1.0 cM, reducing the probability of mis-
selection by marker-assisted selection to <1%



Future Research Directions and Plans
(continued)

3. Establish an encyclopedia of the disease resistance
genes and related sequences, including those for
nematode resistance, in cotton

4. Identify and characterize all loci containing disease
resistance genes and related sequences in the cotton
genome using the cotton physical map

5. Isolate the genes conferring resistance to RKN and all
other pathogens, including nematodes, fungi, bacteria,
pests and viruses, that are important to cotton
production using the cotton physical map by “gene
fishing” and/or “gene golfing”
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