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ABSTRACT 26 

In the U.S., peach production has been declining for almost two decades. During this same 27 

period, peach production has been increasing worldwide. In Georgia and most of the Southeastern U.S., 28 

this year was one of the worst harvests on record. Georgia peach growers lost up to 90% of their yield 29 

due to a late frost. Peach cultivars must be improved to meet changing environmental conditions, as well 30 

as threats from disease, pests, and other external factors. However, new sources of genetic diversity 31 

must be identified and the genetic tools used to evaluate these sources must be improved to develop 32 

better cultivars. To this end, 50k probe targets (Capture-Seq) will be developed and tested to evaluate 33 

the genetic variation present in peach populations. SNPs detected through this technology will then be 34 

used to study the genetic diversity of peach germplasm collected in Australia, which is being 35 

hypothesized to be a novel source of genetic material due to its purported relatedness to ancestral 36 

Chinese populations. Peach germplasm available at the UGA Peach Research Program at Dempsey Farm 37 

in Griffin, Georgia, plus accessions from the USDA-ARS Germplasm Resources Information Network 38 

(GRIN), and previously collected material from Australia will be used. These samples will be genotyped in 39 

Rapid Genomics LLC using their proprietary Capture-Seq technology. SNPs from this array will later be 40 

developed into KASP markers, which will be used to assess the genetic diversity of newly-acquired 41 

Australian samples as compared to known Chinese, American, and European peach genotypes. 42 

Population genetics information gained from these analyses will inform future breeding and selection. 43 

INTRODUCTION 44 

 Peaches (Prunus persica) are a well-known and economically important fruit tree. They were 45 

originally domesticated in China thousands of years ago (Su et al. 2015). Today, peaches are grown on 46 

several continents, with the top 5 producing countries being China, Italy, Spain, the U.S., and Greece 47 

(FAO 2023). As peaches become more widespread and domestic cultivars continue to be refined, 48 



peaches, like many cultivated crops, face threats associated with loss of genetic variation. Lack of 49 

variation can render crops vulnerable to disease, drought, pests, and other factors. These could result in 50 

reduced yield and economic insecurity. It has been proposed that wild populations of peaches may hold 51 

untapped potential for genetic variability, which can be used as a source of new germplasm in breeding 52 

programs (Lenne et al. 1991). The Prunus Crop Germplasm Committee issued a statement in 2010 calling 53 

for the increase of accessions of new Prunus germplasm to strengthen and to improve the U.S. stone 54 

fruit industry. Although China, as the original source of domesticated peaches, would be an ideal source 55 

of germplasm, it is notoriously difficult to obtain samples from Chinese collaborators. Therefore, peach 56 

breeders sought alternative sources of diverse and novel germplasm.  57 

Feral peach populations in Australia are believed to derive from seeds discarded by Chinese 58 

immigrants during the gold rush of the 1850s (National Museum Australia 2023). In addition to 59 

containing DNA from Chinese landraces, local pressures from fire, drought, and human habitation have 60 

potentially produced important stock for scion and rootstock development. To verify the Australian 61 

accessions’ similarity to those from China, KASP (Kompetitive Allele-Specific PCR) markers will be 62 

developed and used to build a pedigree of peach germplasm for use in breeding and selection. Because 63 

they use SNPs, which are more abundant in the genome, KASP markers can be used to distinguish 64 

between closely related genotypes more efficiently than SSR markers (Steele et al. 2021). Once these 65 

markers are developed, they will aid in identification of germplasm, as well as selection for breeding 66 

programs. These KASP markers may be also transferable to other Prunus species which may provide an 67 

added value to these markers. Finally, the current SNP chip arrays for peach are being discontinued and 68 

the availability of alternative genotyping tools will be beneficial for researchers working with peach.  69 

BACKGROUND 70 

The Peach  71 



Peach [Prunus persica (L.) Batsch] belongs to the Rosaceous family and the genus Prunus. This 72 

genus, which encompasses all stone fruits, includes species such as almonds (P. dulcis L.), apricots (P. 73 

armeniaca Scop.), cherries [P. avium (L.) Bauhin], and plums (P. domestica L.). A peach tree in nature can 74 

grow up to 8m in height. Its leaves are lanceolate (narrow and pointed), glabrous (smooth, hairless), and 75 

serrate (having serrated edges). Flowers are pink, white, or red, and fruit can be either pubescent (fuzzy) 76 

or glabrous (in which case it is called a nectarine). The flesh of the fruit can be white or yellow and 77 

comes in melting and non-melting varieties. At the center of the fruit is a stony endocarp which is deeply 78 

pitted and contains a cyanogenic glycoside called amygdalin, making the seed bitter and toxic. A peach 79 

tree will begin to bear fruit at 2-3 years of age and may begin to decline around 15 years after planting. 80 

There are several closely related species of peach that have been used as sources of disease resistance 81 

genes. These species include P. davidiana Carriere, which is drought tolerant but sensitive to 82 

nematodes; P. ferganensis Y. Y. Yao, which is resistant to powdery mildew; P. kansuensis Rehder, which 83 

has frost resistant flowers but bitter fruit; and P. mira Koehne, which is considered a possible ancestor 84 

of cultivated peaches, and which is itself cultivated in Tibet as the “Tibetan peach” (Layne and Bassi 85 

2008; Rieger et al. 2003; Meader and Blake 1939; Yoshida 1987).  86 

Cultural and Economic Importance  87 

As one of the most widely cultivated fruit trees in the world, peaches are culturally, economically, 88 

and scientifically important. First bred in Georgia, the popular Elberta peach was created by Samuel 89 

Rumph in 1875, boosting the economy of the American South after the Civil War and helping earn 90 

Georgia the name of “Peach State” (Greenlee 2022). Peaches are believed to have originated in China, 91 

with evidence of cultivation going back more than 8000 years to the Neolithic period. Recent fossil 92 

discoveries in southwestern China have revealed that peaches may have existed in a morphologically 93 

modern form since the Pliocene epoch, more than 2.5 million years ago, long before human ancestors 94 



migrated to China (Su et al. 2015). Peaches are also an important cultural symbol in China. The flowers 95 

are used in the Spring Festival in south-eastern provinces, and in the past 4000 years, hundreds of 96 

unique cultivars have been developed (Layne and Bassi 2008). Peaches were carried from Asia to 97 

present day Iran more than 2,000 years ago via the silk road. Iran, formerly known as Persia, was once 98 

thought to be the center of origin for peaches, hence the name persica. From there, the peach was 99 

disseminated to Europe, then to the Americas via Spanish and Portuguese explorers (Byrne et al. 2011). 100 

Commercially, peaches can be grown between 25° and 45° N latitude (Layne and Bassi 2008). Most 101 

peach production takes place in China, with over 60% of all peaches produced coming from Asia. Italy, 102 

Spain, the U.S., and Greece follow China in production volume (FAO 2023). Peaches are the third most 103 

produced temperate tree fruit, after apples and pears. As such, they are economically important as well 104 

as culturally relevant.  105 

The U.S. is the fourth largest producer of peaches, with a yearly average of 1.13 million tons 106 

produced from 1984 to 2021 (FAO 2023). Most peaches in the U.S. come from California, which 107 

produced 475 thousand tons in 2022. The next largest producers are South Carolina (67.4 thousand 108 

tons) and Georgia (24.8 thousand tons) (USDA 2023). Although peach production is increasing 109 

worldwide, production in the U.S. has been declining for decades, with total tons having fallen over 50% 110 

since the year 2000 (FAO 2023; USDA 2023). This decline could be caused by several factors including 111 

disease, changing climate, and poor fruit quality (Anthony and Minas 2022; Johnson et al. 2022; Parker 112 

et al. 2019). These problems could be addressed by the introgression of new traits from other 113 

populations, which may improve fruit quality by minimizing the effects of disease and other 114 

environmental factors, as well as lead to the production of new cultivars to suit consumer preference. 115 

Trait introgression must be preceded by germplasm acquisition and identification, and to that end we 116 

must study the genetic makeup of a variety of peach accessions. Luckily, the peach is considered a 117 

model genome for many fruit species and is therefore a good subject for future genetic study. 118 



Genetic Importance  119 

Peach is diploid (2n = 2x = 16) and has a relatively small genome (230 Mb). Many morphologically 120 

and economically important traits in peaches are highly heritable. This combined with its relatively 121 

simple genome, high self-compatibility, and short juvenile period, has made peach a model organism for 122 

the Rosaceae family (Li, 2013). The peach genome was originally sequenced in 2010 by the Joint 123 

Genome Institute (www.peachgenome.org). The cultivar ‘Lovell’ was sequenced using a doubled 124 

haploid, which means its genome was completely homozygous. This homozygosity simplified genomic 125 

assembly and allowed for greater coverage during sequencing. As of 2020, dozens of peach genes and 126 

QTLs had been identified and connected to agronomically important traits such as fruit size and color, 127 

flesh texture, and peach/nectarine character (Li and Wang 2020).  Additionally, many major genes in the 128 

genus Prunus have been mapped, including fruit traits such as glabrous versus pubescent fruit, flat 129 

versus round, and melting versus non-melting flesh (Arús et al. 2012; Guo et al. 2020).  After thousands 130 

of years of selective breeding, limited use of cultivars and the capacity for self-fertilization have resulted 131 

in reduced genetic diversity and high homozygosity in peach populations (Mas-Gomez et al. 2021). 132 

Although selection has created highly specialized cultivars, it has also limited genetic variation and 133 

rendered peach crops vulnerable. Lack of variation means that peach cultivars have less potential to 134 

adapt to changing environmental conditions, climate, and consumer preferences. The addition of novel 135 

germplasm into the gene pool could increase diversity as well as introduce economically important 136 

traits, such as disease resistance (Drogoudi 2023). Recent advances in DNA marker technology have 137 

allowed us to genetically categorize genotypes and identify economically important traits, reducing the 138 

time, expense, and effort necessary to develop new cultivars and introduce new traits to the gene pool 139 

(Arús et al. 2012; Guo et al. 2020). 140 

DNA Marker Technology  141 



Even among closely related individuals, there are unique differences across their genomes. We can 142 

compare individuals and assess differences in their DNA sequence by characterizing and targeting these 143 

locations. These cataloged differences, called “DNA markers,” are valuable tools for genetic 144 

“fingerprinting”, breeding programs, QTL (quantitative trait loci) discovery, and genetic characterization. 145 

Two types of markers that have been used extensively in agricultural and horticultural studies are SSR 146 

(single sequence repeats) and SNP (single nucleotide polymorphisms). Both methods have benefits and 147 

drawbacks. Although SSR markers have been favored in the past for their accuracy in germplasm 148 

characterization, SNPs have become more prevalent with advancements in high-throughput sequencing 149 

technology (Semagn et al. 2014).  150 

SSR Markers  151 

 SSRs, also known as microsatellites, are sections of DNA of short nucleotide motif (2-6 base 152 

pairs) repeats (Tautz et al. 1986). These repetitive regions mutate at a rate up to ten orders of magnitude 153 

higher than point mutations (Gemayel et al. 2012). When SSRs mutate, they differ in the number of 154 

times the motif repeats, so SSR lengths can be used to differentiate between individuals (Tautz et al. 155 

1986). These repeat motifs are abundant in the genome. SSR ubiquity along with their polymorphism 156 

makes them useful as DNA markers. Linkage maps for several species have been constructed based on 157 

SSR markers, including for humans (Dib et al. 1996).  158 

 SSR markers are a codominant marker, meaning that they can inform about the presence of 159 

different alleles and differentiate between hetero- and homozygotes, unlike dominant markers which can 160 

only detect the presence or absence of an allele (Collard et al. 2005). To design an SSR marker, one 161 

would start with a source of genetic material, usually DNA. This DNA is then enriched for SSRs and 162 

sequenced (Maio and Castro 2013). Known sequences are compared to a reference genome or to one 163 

another, and differences in the sequences can be used to identify polymorphisms. Based location of the 164 



SSR within the genome, primers can be designed upstream and downstream of the repeating motif (SSR-165 

containing regions amplified using PCR). These amplified regions can be analyzed via agarose gel 166 

electrophoresis (AGE), polyacrylamide gel electrophoresis (PAGE), or capillary electrophoresis. In the gel, 167 

bands of different lengths represent different alleles of the SSR marker, allowing researchers to identify 168 

the alleles present in the sample (Tautz et al. 1986). Fluorescent markers can also be attached to primers 169 

to allow genotyping by capillary electrophoresis (Csencsics et al. 2010; Agarwal et al. 2015). In addition, 170 

there are multiplex methods which differentiate SSR alleles at multiple loci simultaneously (Guichoux et 171 

al. 2011).  172 

 173 

Fig 1. Workflow of how SSR markers are made (Vieira et al. 2016) 174 



SSR Markers have been used in the past to assess genetic diversity and population structure in 175 

Prunus species. One study used 36 SSR markers to determine the population structure of 195 peach 176 

accessions (Chavez et al. 2014). A similar study used SSR data to make pedigree clusters of European 177 

plum (Prunus domestica) accessions (Antanyniene et al. 2023). Markers can even be utilized across 178 

genera, as shown when expressed sequence tags-simple sequence repeat markers (EST-SSR) developed 179 

for Himalayan raspberry (Rubus ellipticus) were successfully used to analyze genetic diversity of peach 180 

cultivars (Sharma 2023). SSR markers have a long history of use in plant breeding, especially in the 181 

evaluation of Prunus germplasm, but recent advances in Next Generation Sequencing are leading 182 

scientists to shift toward SNP markers as a more efficient and cost-effective alternative (Semagn 2014; 183 

Zahid et al. 2022). 184 

SNP Markers 185 

SNPs, or single nucleotide polymorphisms, are positions on the genome which vary between 186 

individuals by one or multiple base pairs. Unlike SSRs, which can vary in length and therefore have many 187 

possible variants, SNPs have only four possible variants, the bases A, C, T, and G. Generally, each 188 

individual SNP will have only two variants (A/G or C/T), therefore they are considered “biallelic” (Brookes 189 

1999). Because of their biallelic nature, more SNPs are required to achieve the same level of specificity 190 

as SSR markers (Inghelandt et al. 2010). However, SNPs make up for this shortcoming by being common 191 

in the genomes of all life, more abundant than SSRs, and capable of high-throughput automation 192 

(Mammadov et al. 2012). They are a major source of genetic variation between individuals of the same 193 

species, making them useful for population studies and breeding programs (Rafalski 2002).  194 

There are different technologies currently used to characterize SNPs across different genotypes. 195 

Through those, SNPs are discovered in a genome and deemed reliable for use as markers. There are 196 

several reasons that a SNP could be disqualified from being used as a marker. If the SNP is extremely 197 



rare, occurring in less than 1% of a population, it is instead considered a point mutation (Khlestkina et al. 198 

2006). Its rarity makes it less than useful as a method of separating genotypes into groups. A SNP may 199 

also occur in non-coding regions of the DNA. SNPs that occur in exonic or regulatory regions of the DNA 200 

are often called “functional” because they exist on the part of the DNA which contributes to protein 201 

formation and function. These are more useful for characterizing genotypes than “non-functional” SNPs, 202 

so functional SNPs are preferred as markers (genomicglossaries.com). Markers can be “trained” to 203 

predict the physical characteristics of a plant by comparing the phenotype of an individual to the 204 

functional markers present in that genotype (Zhong et al. 2009).  This could save time, space, and labor 205 

in plant breeding by testing seeds for certain traits, without the need to grow the seeds to discover 206 

those traits. SNP arrays have already been developed for apple (Bianco et al., 2014), pear (Xiaolong Li et 207 

al. 2019), peach (Verde et al. 2017), grape (Laucou et al. 2018), maize (Xu et al. 2017), and wheat (Sun et 208 

al. 2020). There are several different platforms which are used to evaluate SNP markers. Some of those 209 

are Integrated DNA Technologies’ rhAmp, Thermo Fisher’s TaqMan, and KBioscience’s KASP (Kompetitive 210 

Allele-Specific PCR) (Broccanello et al. 2018). These platforms and their qualifications are listed in Table 211 

1. Note, universal PACE 2.0 Genotyping Master Mix can be substituted in KASP reactions, reducing the 212 

Master Mix cost to $762 (3crbio.com/products/). 213 

 214 

Table 1. Three prominent SNP genotyping platforms, along with their costs and benefits. (Broccanello et al. 2018) 215 

KASP Markers  216 

 KASP is a SNP genotyping platform originally developed by KBioscience, which has since become 217 

one of the most well-known SNP platforms (LGC Ltd, Teddington, England). It is uniplex, meaning that it 218 

rhAmp TaqMan KASP

Call-rate 98.10% 97% 97.60%

Cost per assay $59 $256 $50 

Master Mix Cost $814.0 (25ml) $586.8 (10ml) $1083.5 (25ml)

Cost per sample $0.11 $0.32 $0.12 



can analyze one SNP at a time for many samples. Unlike multiplex platforms like Goldengate and 219 

Infinium, which are suitable for larger studies, KASP has no minimum sample or SNP requirement. For 220 

applications such as quality control, QTL (quantitative trait locus) mapping, and marker assisted 221 

selection, scientists are often interested in one or a few SNPs, for which a uniplex approach would be 222 

more appropriate. KASP is fluorescence based, meaning that primers used to target allele of a particular 223 

SNP will bind to a unique fluorescent dye during PCR. The presence or absence of this dye will be read by 224 

a plate reader, which will then inform about which alleles are present in the sample and the zygosity of 225 

an individual. A brief overview of the KASP process is outlined in Figure 2. It is also possible to evaluate 226 

two SNP loci at a time using additional fluorescent dyes, creating a limited multiplexing capability (Suo et 227 

al. 2020). If one is evaluating many SNP loci, this could cut the number of necessary reactions in half. In 228 

summary, KASP is cost-effective and well suited to studies with a small number (less than 200) of SNPs. 229 



 230 

Figure 2. An overview of KASP (LCG Ltd.) 231 



Australian Germplasm 232 

There are over 2000 varieties of peaches worldwide, of which 1569 are registered on 233 

fruitandnutlist.org (Medich 2023). Of these registered varieties, only 15, or less than 1%, come from 234 

Australia. Peaches in Australia have long been overlooked by research. Peach diversity studies have been 235 

conducted on Chinese, European, and American varieties, but not yet on Australian accessions (Li et al. 236 

2013; Verde et al. 2017). The Germplasm Resources Information Network (GRIN), has only 157 237 

accessions of Australian peaches, although it has 348 samples from China and 755 from the U.S. Of these 238 

157 accessions, all of them are categorized as “historic”, meaning they are not available from the 239 

National Plant Germplasm System (NPGS) (https://npgsweb.ars-grin.gov/gringlobal/search). Despite the 240 

lack of data surrounding Australian peaches, these populations have the potential to be an important 241 

source of novel germplasm for U.S. cultivars. This is due not only to their putative relatedness to Chinese 242 

populations, but also because local adaptation to the harsh Australian climate may have adapted this 243 

germplasm for traits which could aid American peach survival as the climate continues to change. 244 

Verifying the phylogenetic relationships of Australian peach populations would constitute the first step 245 

toward utilizing them to improve American peach cultivation. 246 

RATIONALE AND SIGNIFICANCE 247 

Peaches are the third most important temperate fruit species in the world, and they are genetically 248 

well-studied due to their relatively small genome (Byrne et al. 2012). In especially hot, cold, or humid 249 

areas, peaches are susceptible to diseases like the bacterial Xanthomonas arboricola or fungal brown rot 250 

(Monilinia spp.) (Vauterin et al. 1995). Buds and new growth can also die during cold snaps, reducing its 251 

yield. Currently, the peach gene pool is relatively small and homogenous compared to other fruit 252 

species, making the crop susceptible to factors such as disease and environmental changes. Increased 253 

diversity in cultivated peach trees would protect against such factors by providing a source of variation 254 



from which to select more resilient cultivars. We can increase diversity by collecting and integrating 255 

peach germplasm from a diverse source, such as Chinese or Australian populations. By verifying the 256 

Australian population’s diversity and potential for useful traits, we can take the first steps toward adding 257 

these useful traits to US populations. 258 

KASP markers have been compared to other SNP marker platforms and found to be reliable (with a 259 

higher call rate than TaqMan), affordable (lower cost per sample than TaqMan), and flexible (Broccanello 260 

et al. 2018). The markers developed during this study will be used to assess germplasm for potentially 261 

novel and economically important traits, as well as to verify the ancestry of Australian accessions 262 

suspected to be Chinese in origin. Once verified and assessed, this new germplasm can be used in 263 

breeding programs to strengthen elite cultivars and safeguard to future of peaches in Georgia and across 264 

the US.   265 

PROJECT GOALS/OBJECTIVES 266 

Overall Goal: Determine relatedness and genetic diversity of peach accessions from China, Australia, 267 

Europe, and US. 268 

Objectives: 269 

1. Create a 50k SNP panel based on 200 peach genotypes available in the UGA peach germplasm 270 

collection and USDA 271 

2. Characterize genetic diversity of ~200 Australian peach accessions, as well as current accessions, 272 

using 10 KASP markers based on the aforementioned 50k SNP panel. 273 

HYPOTHESIS 274 

The P. persica specimens feral in Australia are more diverse than current germplasm available in the US 275 

and more closely related to Chinese populations than American or European accessions. 276 



METHODS 277 

Sample Collection, DNA Isolation, and Sequencing 278 

 In 2015, 190 peach cultivars and advanced breeding selections were planted as part of the 279 

germplasm collection at Peach Research and Extension orchard at Dempsey Farm, University of Georgia, 280 

Griffin, GA (33°14’55” N, 84°17’57” W) (Table 2). All trees were grafted onto the peach rootstock 281 

“Guardian” and planted in a Cecil sandy loam soil at a planting density of 4.5 m x 6 m (358 trees per ha). 282 

A soil amendment with phosphorus, potassium, and lime was applied before the orchard was 283 

established according to the guidelines from the 2023 Southeastern Peach, Nectarine, and Plum Pest 284 

Management and Culture Guide (Blaauw et al. 2023).  285 

 286 

Table 2. Accessions at Dempsey Farm – showing all unique cultivars and advanced breeding selections. 287 

In addition to this peach germplasm, samples will be obtained from the U.S. National Plant 288 

Germplasm Repository in Davis, CA accessed through the USDA-ARS Germplasm Resources Information 289 

Network (GRIN). These will include European and Chinese cultivars and advanced breeding selections, as 290 

well as Chinese landraces and other non-US accessions. They will represent a diverse genetic pool and 291 

enhance the scope of the study. 292 



Previously collected and newly acquired samples from feral Australian populations will also be 293 

included in the study. Samples were collected on during expeditions in 2015, 2017, and 2019. These 294 

expeditions also served the purpose of identifying locations and available germplasm for future study. 295 

Approximately 50 accessions were obtained from the Southeastern coast of Australia between 296 

Stanthorpe and Rockhampton in Queensland (Fig 3). Once obtained, feral accessions were kept in a 297 

cooler during transportation. Pits were removed, cleaned, and dried, then stored in clear Ziplock bags to 298 

be transported from Australia to the U.S. using all necessary labels and phytosanitary permits (USDA, 299 

2021). Budwood was also collected from these trees for propagation at the Maroochy Research Facility 300 

(26° 38' 28” S, 152° 56'17” E). In January 2023, additional seed will be obtained from accessions grown at 301 

the Maroochy Research Facility. This seed will be shipped to the U.S. according to USDA-APHIS 302 

regulations. Pits will be cleaned, dried, and packaged according to the relevant permits (USDA, 2021). 303 

Phytosanitary certification will be obtained from a phytosanitary office in Australia. Once shipped or 304 

carried to the U.S., seeds determined to be clean will be germinated and tissue samples taken from 305 

cotyledons. Samples will also be collected on site from cotyledons or true leaves, depending on what is 306 

available from each plant. 307 

 308 



 309 

Fig 3. A) Queensland, in Southeast Australia. B) Samples were collected from Rockhampton to 310 

Stanthorpe. 311 

DNA Isolation 312 

 Leaf samples will be stored in a -80°C freezer prior to DNA isolation. Before extraction, 50 mg of 313 

leaf tissue per accession will be weighed and placed into 2 mL tubes. These tubes will then be stored at   314 

-80°C. The DNeasy ® Plant Pro Kit will be used to extract DNA according to the protocols set forth by the 315 

manufacturer, Qiagen Inc. (Valencia, California). After 100 µL of DNA is extracted from each sample, the 316 

presence of DNA will be confirmed via gel electrophoresis using 1.5% agarose gel. Visual confirmation 317 

will be determined according to Lambda DNA standards (Promega Corporation, Madison, WI, USA). DNA 318 

quantification will be done on a NanoDropTM 2000c Spectrophotometer (Thermo Scientific, Waltham, 319 

MA, USA). Then, DNA concentration for all the samples will be standardized to 20 ng/µL.  320 

Capture-Seq 321 

 Capture-Seq technology uses probe hybridization for targeted DNA sequencing. It is widely 322 

utilized in both plant and animal genomics for such tasks as GWAS/QTL mapping, genetic fingerprinting, 323 

A 

B 



SNP discovery, etc. (LCG BioSearch Technologies, Middlesex, UK). Rapid Genomics LLC, owned by LCG 324 

BioSearch Technologies, owns the Capture-Seq technology and workflow. Their methods are outlined in 325 

Figure 4. In total, 50,000 probes will be created which target evenly spaced exonic regions of the peach 326 

genome. These probes will be based on the previously published SNP targets which were used to create 327 

the International RosBREED SNP Consortium 16K SNP peach v.2 array, as well as previously published SSR 328 

marker flanking regions (data available at Genome Database for Rosaceae; Jung et al. 2019).  329 

 330 

Fig 4. The Capture-Seq workflow (LCG BioSearch Technologies) 331 



 Rapid genomics will process the DNA into libraries, which will be sequenced by bonding to 332 

Biotinylated 120-mer probes that complement a segment of each sequence. Using these probes, each 333 

target locus will be sequenced via Next Generation Sequencing (NGS). Sequence data will be delivered as 334 

FASTQ files.  335 

SNP Analysis and Genetic Diversity 336 

The FASTQ files will be used to generate SNP markers through Rapid Genomics’ standard 337 

bioinformatics pipeline. SNP data will be used for genetic diversity analysis, linkage disequilibrium 338 

calculations, genetic structure analysis, and finally for a genome-wide association study (GWAS) as 339 

previously described by Mas-Gómez et al. (2022). The GWAS will be conducted using data from the 340 

Chavez lab, including 3D scanning data of tree structure and yearly evaluations. Genetic diversity will 341 

consist of calculating the fixation index (FST), GST, the DJost, observed heterozygosity (Ho), expected 342 

heterozygosity (He), and allelic richness (Ar). Linkage disequilibrium will be evaluated using PLINK (Purcell 343 

et al. 2007). The r2 values will be calculated using SNP data from contiguous SNPs (100) or 5K kbp. These 344 

r2 values will be plotted against genetic distance using the R package ggplot2 (Wickham 2016; v4.1.2 R 345 

Core Team 2021). Genetic structure analysis will be performed using fastStructure v.1.0 to ascertain the 346 

genetic groupings of all accessions (Raj et al., 2014). K values from 1 to 10 will be used and the k-means 347 

algorithm will be used to identify the optimal K cluster using the BIC (Bayesian Information Criterion) 348 

(Jombart and Collins 2015). 349 

Primer Design 350 

After obtaining validated SNPs, the area flanking each SNP will be identified using the peach 351 

reference genome v2.0 (Verde et al., 2017). The flanking sequences to the desired target SNP(s) will be 352 

entered into Primer3Plus software to design forward and reverse primers (Untergasser et al. 2007). The 353 

ideal primers will be selected based on product length and annealing temperature (Ta). BLAST will be 354 



used to verify that the primers bind to the expected location on the genome. The tail sequences to bind 355 

either FAM or VIC dyes will be attached to the 5’ end of their respective primer, while quenchers will be 356 

attached to the opposite end. The primers will then be ordered from Sigma-Aldrich Inc. (St. Louis, MO). 357 

PCR and KASP Analysis 358 

 PCR will be carried out according to a modified version of the KASP protocol written by Cecilia 359 

McGregor in 2015 (Paudel et al. 2019). KASP results will be read on a FRET-capable plate reader and 360 

interpreted using KlusterCaller software version 4.1.2.26268 (LCG Biosearch Technologies, Middlesex, 361 

UK) to determine the presence of markers in individual genomes. Based on the presence or absence of 362 

markers, clusters of peach accessions will be constructed, grouping related genotypes. A subset of KASP 363 

markers evenly distributed across the peach genome (approx. 10) will be used to genotype previously 364 

obtained samples. Genetic diversity parameters will also be calculated as previously described above. 365 

POTENTIAL PITFALLS 366 

Collecting Samples 367 

 Samples will be collected and shipped from different parts of the U.S. and Australia. If samples 368 

are collected or labelled incorrectly, DNA could be compromised. Incorrect storage could lead to low 369 

quality DNA, which may necessitate resampling. Collection of Australian samples relied partly on locating 370 

feral peach trees. External circumstances, like weather, a pandemic, or land development may inhibit 371 

researchers’ ability to access the trees and collect samples. Researchers will use all applicable permits 372 

and follow international regulations on germplasm collection, storage, and transportation. Ample genetic 373 

material will be collected to account for possible losses. 374 

DNA Contamination 375 



 Unclean tools may result on DNA from one sample contaminating another. In closely related 376 

accessions, this may lead to confusion about the presence or absence of markers in a sample. Tools will 377 

be cleaned regularly and stored appropriately to prevent this. 378 

Primers 379 

 DNA primers are known to fail occasionally. It may take several attempts before a primer is 380 

designed which reliably bonds to the desired site and can clearly characterize the SNP of interest. 381 

Numerous failed primers could delay analysis of the germplasm, as new primers can take several days to 382 

design and acquire. Primers will be validated by comparing them against a BLAST search to ensure they 383 

do not bind to the wrong location, and multiple primers will be designed to limit delays caused by failed 384 

primers. 385 

Analysis 386 

 Analysis of marker data and the relatedness of accessions will be a lengthy process. As with any 387 

analysis, it will be subject to potential human error, misinterpretation, and faulty reasoning. The 388 

researchers will endeavor to limit these risks wherever possible by extensive studying of analytical 389 

methods. 390 

 391 
Timeline of Project 392 
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Facilities 651 

The University of Georgia Griffin campus is located approximately 40 miles south of Atlanta, GA 652 

and 64 miles north-west of Byron, GA (33.26°N, -84.28°W). The facilities to be used for this research 653 

project are located within the Griffin Campus. The laboratory to be used is the Peach Research and 654 

Extension laboratory that contains standard basic equipment for sample processing with the capabilities 655 

of short- and long-term storage. The laboratory has the capabilities for molecular work, including DNA 656 

extraction and PCR. Samples processed for molecular work can be shipped directly to the Georgia 657 

Genomics Facility at University of Georgia, Athens. Genomic analysis services and advanced computing 658 

capabilities are available through the Georgia Advanced Computing Resource Center, which can be 659 

accessed in any part of the world. Software required for data analysis is readily available for free use 660 

within the server. Training and help sessions are easily accessible if required.  661 

Dempsey Farm, a 12-acre peach satellite orchard for all major varieties, is currently available 662 

(33°14’55” N, 84°17’57” W). In addition there are also two greenhouses for general purposes. There are 663 

https://www.foodandwine.com/georgia-peaches-shortage-crop-2023-7561913


two large auditoria for presenting workshops or for extension retreats. This location is about 40 min 664 

from the major peach growing region in Georgia.  665 

 666 
Permits 667 
USDA - Animal and Plant Health Inspection Service - Plant Protection and Quarantine – Application for 668 

Permit to Import Plants and Plant Products 669 

• To be applied for 670 
USDA – Permit to Import Plants and Plant Products 671 

• To be applied for 672 
Queensland Government – Maroochy Research Facility Agreement/Consent to Collect 673 

• To be applied for 674 
 675 
Budget 676 

 677 
 678 
Budget Justification 679 
Personnel - $63,600 680 

Master’s Assistant – This person will be responsible for data collection and analysis, DNA extraction, 681 

KASP reading, and phylogeny assembly. 682 

 683 

Equipment - $29,500 684 

Spark Multimode Microplate Reader, Tecan – to read the results of KASP 685 

 686 

Supplies/Expenses - $46,480 687 

Capture Seq – Sequence and identify SNPs in 250 accessions. The genomic base against which to 688 

compare Australian samples via KASP 689 

Item Amount (total) Year 1 Year 2

Personnel Master's Assistant (Caitlin McCann) $55,600 $27,800 $27,800

$63,600 Master's Fellowship $8,000 $4,000 $4,000

Equipment Spark Multimode Microplate Reader, Tecan $29,500 $29,500 $0

$29,500

Supplies/Expenses Rapid Genomics Capture Seq (250 samples) $30,250 $30,250 $0

$46,480 PACE2.0Genotyping Master Mix ($762/25mL, 5µL/rxn ) $7,620 $7,620 $0

KASP Primers (FAM, 1 OD) $300 $150 $150

KASP Primers (VIC, 1 OD) $300 $150 $150

KASP Primers (Rev, 3 OD) $10 $5 $5

DNA Extraction Materials, consumables $6,000 $3,000 $3,000

Publication Costs $2,000 $0 $2,000

Travel International Travel (Round Trip Plane Ticket x2) $8,000 $0 $8,000

$12,600 Rental Car (one week) $500 $0 $500

Gas (one week, 2000 miles, $4.30 USD/gallon) $500 $0 $500

Per Diem (one week, two people) $1,500 $0 $1,500

Lodging (two rooms, 7 days, $150) $2,100 $0 $2,100

Indirect Costs 42% $63,915.60 $43,039.50 $20,876.10

Total Costs $216,095.60 $145,514.50 $70,581.10



KASP Primers– Compare alleles of 200 Australian samples to those previously sequenced. Generate data 690 

for use in genomic diversity study. 691 

DNA Extraction materials – to extract DNA from Australian samples 692 

Publishing costs – some journals, especially open access, require a fee to publish or submit a paper. 693 

 694 

Travel - $12,600 695 

Travelling to Australia to collect peach germplasm for study. 696 

Visiting Maroochy Research Facility, 100km North of Brisbane in Queensland, and staying for one week 697 

to collect, clean, categorize, and ship germplasm. 698 

 699 

Indirect Costs - $63,915.60 700 

Indirect costs are calculated from MTDC using the AFRI negotiated rate of 42.0 %.  701 

Year 1: $43,039.50 702 

Year 2: $20,876.10 703 

 704 
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 707 
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 710 
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 738 

Caitlin McCann 739 

442 Austin St., Downers Grove, IL 60515 740 
https://redheadcaitlin.quarto.pub/caitlinmccann/  741 

caitlinemccann01@gmail.com 742 

630-432-3077 743 
 744 

Professional Summary 745 

Hardworking and committed graduate student eager to learn more about the fields of agriculture 746 

and horticulture. Accustomed to working alone and in groups, in busy and calm environments, 747 

and reliable under all circumstances. Motivated to accumulate new experiences and grow 748 

professionally. 749 

 750 

Skills 751 
• R Coding Language 752 
• Laboratory Procedure 753 
• 3D Printing and Modeling 754 
• Hand Pollination 755 

• Microsoft Office 756 
• Smartsheet  757 
• Lucidchart 758 
• Tissue Sampling759 

 760 
Experience 761 
NA R&D Seed Production Intern                                                                    Jun 2022 – Aug 2022 762 
Syngenta                                                                                                     Downers Grove, Illinois 763 

• Updated and improved training processes for North American locations. 764 
• Trained site stewardship coordinators on use of Smartsheet training processes. 765 
• Consolidated data and streamlined data management procedures. 766 
• Visualized data using Smartsheet and Lucidchart. 767 

Undergraduate Researcher                                                                              Aug 2020 - Dec 2021 768 
University of Alabama - McKain Lab                                                             Tuscaloosa, Alabama 769 

• Collected samples with a team of graduate and undergraduate students in the field. 770 
• Isolated DNA using CTAB protocol and constructed DNA libraries. 771 
• Presented posters at URCA and Botany Conference 2021. 772 

Undergraduate Researcher                                                                            May 2021 - May 2023 773 
University of Alabama - Benstead Lab                                                          Tuscaloosa, Alabama 774 

• Organized and isolated samples of macroinvertebrates using a microscope. 775 
• Helped gather data in a study on the environmental impact of stream warming. 776 
• Trained a fellow undergraduate on use of tools and methods of data collection. 777 

Seeds Operations Intern                                                                                   May 2023 – Jul 2023 778 
Syngenta                                                                                                                         Slater, Iowa 779 

• Led teams of seasonal workers in tissue sample collection and hand pollination. 780 
• Prepared yield experiments on soybean crops. 781 
• Organized and participated in trial field planting. 782 
• Took performance notes on corn and soybean trial fields.  783 

 784 

https://redheadcaitlin.quarto.pub/caitlinmccann/
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Education 785 
Bachelor of Science: Biology                                                                         Graduated May 2023 786 
The University of Alabama                                                                            Tuscaloosa, Alabama 787 

• GPA 3.98, Graduated Summa Cum Laude and with Honors 788 
• Minor in Liberal Arts (Blount Undergraduate Initiative) 789 
• Awarded Presidential Scholarship  790 
• Vice President of the Outdoor Adventures Club (2021) 791 
• Studied abroad at Maynooth University, Ireland in Spring 2022 792 

Master's of Science: Plant Breeding, Genetics, and Genomics                          Aug 2023 - current 793 
The University of Georgia                                                                                       Athens, Georgia 794 

• Assistantship in the lab of Dr. Dario Chavez 795 
• Developing KASP markers for Prunus persica (peach) genome 796 
• Awarded UGA Grad School Master’s Fellow Award 797 

 798 


