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Benefit to the Industry

The development of microsatellites as molecular markers for avocado will permit a
dissection of the inheritance of economically useful traits such as fruit characters, salt
tolerance or disease resistance. Microsatellite markers will also allow the determination
of the parentage of important crosses, they will facilitate a unique genetic identification
of important breeding and commercial materials and they will assist in the identification
of the pollen source (outcrossing) in field and experimental trials.

Objective

The main objective of this project is the development of 100 microsatellite markers.
Comparison of microsatellite banding patterns among avocado varieties will provide
unique varietal markers which can be used to determine the pollen parent of seedling
and fruit materials from two breeding programs. The first breeding program is the
phytophthora-resistant rootstock breeding program being conducted by Dr. John
Menge. The second is the B-type Hass-like breeding program supervised by Dr. Mary
Lu Arpaia. By determining the pollen parent, we will assess the amount of outcrossing
occurring among the 13 rootstock varieties and five varieties in each respective
breeding program.

A second objective is the development of an avocado genetic map. The mapping of
microsatellite markers and quantitative traits, such as fruit characters and disease
resistance will provide a tool for marker-assisted breeding. At the seedling stage, we
can assay for the presence of a microsatellite marker linked to a trait of interest. This
early screening would enhance the efficiency of avocado breeding and improvement.

Discussion and Summary



Microsatellites are composed of repeated motifs of di-, tri- and tetranucleotides (for
example, ATATAT..., GCAGCAGCA..., or CATGCATGCATG....) and are distributed in
high numbers throughout the genome of plants and animals. The codominant
inheritance of microsatellite loci allows for the discrimination of homozygous and
heterozygous individuals. This provides more genetic information on the contribution of
each parental gamete.

Using Hass avocado genomic DNA provided by our laboratory, a southern California
company, Genetic Information Systems, used a selection procedure to isolate the DNA
fragments containing microsatellites, producing an avocado microsatellite-enhanced
library. Our laboratory is currently sequencing these DNA fragments to characterize the
microsatellite locus present within the fragment. Short spans of DNA, called primers, are
then designed to the two flanking regions surrounding the microsatellite locus. With the
primer pairs, we will 1) compare microsatellite banding patterns of avocado varieties to
obtain unique genetic identifier for a particular variety and 2) study recombination
frequency using selfed avocado progeny to the determine mapping positions of
microsatellite loci.

After screening 500 DNA fragments from the enhanced library, our laboratory has
developed primer pairs for 111 microsatellite loci (Table 1). Analysis of these
microsatellite loci will lead to the development of a unique microsatellite banding profile
for each avocado variety for the 13 varieties of the phytophthora resistant rootstock
breeding program and the five varieties of the B-type Hass-like breeding program.
These unique profiles will be used to determine the pollen parent for each fruit and
seedling collected in the two breeding programs. Also two populations of selfed
progeny, one Hass and the other Zutano, will be used to determine the recombination
frequency among microsatellite loci. The recombination frequency can be used as a
guantitative index of the linear distance between two loci and lead to the positioning of
the microsatellite loci to form an avocado genetic map.

Sequence of the 332 DNA fragments were compared to the sequence of known genes
in a nucleotide/protein database, called GenBank. The sequence from sixteen DNA
fragments were found to have close similarities to known genes in the database (Table
2). These genes, along with the linked microsatellite loci, will be positioned on the
avocado genetic. Long term goals for the microsatellite markers are the development of
unique profiles for avocado varieties that are important breeding and commercial
materials and the development of a genetic map with 100 microsatellite loci and
associated genes.

Our laboratory has extracted embryo DNA from 720 Hass fruit collected from the B-type
Hass-like plot in Ventura county. For the phytophthora resistant rootstock breeding
program, extraction of leaf DNA from 394 seedlings is completed. Once the appropriate
varietal microsatellite markers have been identified, we will analyze the DNA samples to
determine the parentage of the fruit/seedling. The data on parentage will serve as a
guide for outcrossing in the B-type Hass-like breeding program and the phytophthora
resistant rootstock breeding program.

For the genetic map, we previously isolated DNA from leaf material of the 106 selfed
Hass progeny. We are currently extracting DNA from 131 selfed Zutano progeny. Using



the selfed progeny, we will determine the recombination frequency to position the
microsatellite loci on a genetic map. The map will provide a tool for marker-assisted
breeding and allow for early screening of economically important traits, enhancing the
efficiency of avocado breeding and improvement.

Table 1. Listed are the nucleotide repeat motif of the microsatellite loci developed in our laboratory.

Microsatellite Microsatellite
locus Nucleotide repeat motif locus Nucleotide repeat motif
AV0102 (GA)» AV0107 (TC)
AV0O109 (TCo AVOI114 (GA)y
AVOI121 (CThs(GT)sTT(GT)s AVOI128 {(TC)CC(TC)yg
AVO129 (TCY0A(CA)e AVO140 (TC)ia
AV0207 (GGA)GATGAA(GTA). AV0303 (AAGRAAT(AAG)S(ATG)s
AV0317 (CAC):(CAT),CA(CAT);CA(CAT), AV0322 (TATC) o, TTTC(TATCLATCTATCA(AT
AUCRO004 (GA);CC(CT)e AUCRO007 (CT)s
AUCRO008 (CT)an AUCRO10 (AG)5
AUCRO016 (AG))> AUCRO17 (TCl(AC)sAAA(CAVAA(CANTT(CA);
AUCRO021 (TC)yz AUCRO027 (TC)
AUCRD34 (TG)3(AG) 18 AUCRO035 (AG)(TG)y,y
AUCRO38 (AC)), AUCRO039 (GA)3
AUCRO040 (CT)y7 AUCRO046 (GA)j2 AND (GAA) s
AUCRO050 (TCg AUCRO051 (AG)2
AUCRO0S53 (CT)s AND (TC)yy AUCRO0S535 (TG)LA(GT)s
AUCRO075 (AG)1o(TG)y5 AUCR089 (GA)o AND (GA)4
AUCRO097 (TG)s4 AUCR0D98 (AG)i7
AUCRI101 (TG)(AG) ¢ AUCRI102 (CTY7
AUCRI103 (CT)sTT(CT)e AUCRI105 (AG)ag AND (TG)y
AUCRI107 (CT)s AUCRI109 (GA)2g
AUCRI114 (AG)q) AUCRI1S5 (TC)ip
AUCRI121 (GA)ap AUCRI26 {AG)z
AUCR130 (TC)g AUCRI134 (AG)jo
AUCR148 (AG)23 AUCRI130 (TC)ICTC(AC)AA(AC):
AUCRI153 {CTho AUCRI156 (AG)7 AND (GA)s




Microsatellite Microsatellite
locus Nucleotide repeat motif JL___ _locus | Nucleotide repeat motif |
AIICR159 (GANao I ancrisn (GAVa
AUCR162 (TChis AUCRI168 (GA)17
AUCRI169 (AG)o AUCRI81 GA)s
AUCR183 (AGT)sAGA(AG) 7 AUCR187 (GA))
AUCR201 (TCis AUCR202 (GA)s
AUCR213 (TChs AUCR219 (CAY
AUCR220 (GA)17G3(GA)4AG2(GARAG AUCR229 (TG)4(AG)SGGG(AG)s
AUCR230 (AGUAAAGTG(AG), AUCR232 (AG)2;
AUCR233 (GA)6 AUCR236 (AG)17
AUCR237 (AG)s AUCR244 (TG)(AG)7
AUCR250 (GA); AUCR252 (TCR(ACY
AUCR267 (TG)s(AG)5(GA); AUCR269 (GA)
AUCR271 (AC) AT(AC) AUCR273 (AG)0
AUCR290 (GA)ig AUCR298 (CT)sGTCGCCGC(CT)q
AUCR300 {CT) AUCR317 (TCyy
AUCR322 (AG)g AUCR378 (TC)x
AUCR381 (GA) AUCR385 (AGAGGG);(AG)
AUCR392 (CTHs(CA); AUCR3935 (AG))
AUCRA403 (CT)q AUCRA404 Ajg AND (AG)og(GA);
AUCR4035 (CThs(CA)p AUCR406 (GA)GT(GA)
AUCR407 Aszr AND (GA) | AND Tys AUCR409 (AG)s
AUCR416 (CThs AUCR418 (GT)12(GA)Y:GG(GA)
AUCR419 (CThz AUCR446 (AC))
AUCR449 (TCha AUCR452 (AG)4
AUCR465 (GA)ss AUCR466 (TGs
AUCR468 (CT)is AND (TC)s AUCR469 (AG)17”TG(AG);
AUCR470 (GA);, AUCR472 (AG)is
AUCR477 (AG)1 AUCRA479 (CTyp
AUCRA482 AG)s AUCR484 CTys
AUCR497 (CT)y)

Table 2. DNA sequences of sixteen avocado DNA fragments that matched with known genes in GenBank.

Avocado DNA fragm ents

Matched Gene from GenBank

Source of Matching Gene Sequence

AVOI11

Sf16 gene

Common sunflower

AVO112 DHFR-TS gene Carrot
AUCRO020 Sesquiterpene cyclase Pepper
AUCRO020 (+)-delta-cadinene synthase gene Cotton

AUCRI114/AUCRI126

Myb-like transcriptional factor MBF1

Black spruce

AUCR160

Lipase

Japanese morning glory

AUCR230 Malic enzyme gene Grapes

AUCR257 Phosphotransferase Thale cress

AUCR297 Ribosomal protein Corn

AUCR314 Kinase Japanese mormning glory
AUCR399 Retrotransposon-like gene Fava bean

AUCR402 Reverse transcriptase Thale cress

AUCR449 Reverse transcriptase corn

AUCR452 Protein kinase tobacco

AUCR476 Protein_kinase alfalfa







