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Abstract

R. Corral, B. Carrasco, C. Ramirez, L. Marchant, A. Peiia, J. I. Covarrubias, L. A. Meisel,
I. Pacheco, E. R. Bascuiian-Ortiz, and H. Silva. 2022. Genetic diversity, polyphenolic
composition and fruit quality trait phenotypic analyses of a Chilean heritage blood-flesh
peach (Prunus persica L.). Int. J. Agric. Nat. Resour. 169-198. This study reports the genetic
diversity among Chilean heritage blood-flesh peaches and the characterization of phytochemicals
and bioactive compounds present in these fruits. A genetic diversity analysis using 7,934 SNP
markers was performed. The average observed heterozygosity (Ho=0.09) was very low in the
75 Chilean blood-flesh peach trees, whereas 14 commercial peach varieties had significantly
higher levels of heterozygosity (Ho=0.32). Furthermore, the blood-flesh peach lines were
genetically similar, and all of these lines were genetically different from the commercial varieties.
A comparative analysis was carried out between the epicarp and mesocarp of the peach fruits.
Fruit quality parameters were evaluated at harvest (weight, size, firmness and soluble solids),
and concentrations of total polyphenols, anthocyanins, carotenoids, as were macro (P, K, Ca,
Mg) and microelements (Fe, Zn, Mn, B, Cu). These analyses showed that blood-flesh peaches
have high concentrations of anthocyanins (cyanidin-3-glucoside (C3G) and cyanidin-3-rutinoside
(C3R)) when compared to commercial varieties with white or yellow mesocarps. A comparison
was performed among Chinese, French and Chilean varieties, with similar values found for the
antioxidant compounds. No significant differences in the micro- and macroelement contents were
detected in these blood-flesh fruits compared to commercial varieties.
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Introduction

Biodiversity in agriculture is essential to produce
nutritious food sustainably and safeguard food
security. The effects that the COVID-19 pandemic
had on global food security demonstrated the
fragility of international food chains and the need
to strengthen informal food chains and agrobiodi-
versity (Zimmerer & de Haan, 2020; Markandya
etal., 2021). Production must address the amount
of food or calories and high-value nutrients, such
as vitamins, minerals, and other micro/macro ele-
ments. As stated in the ‘EAT-Lancet Commission
on Healthy Diets from Sustainable Food Systems’
2019 report (Willett et al., 2019), although food
production systems could secure human health
and maintain environmental stability, both are
being threatened. To ensure global food security
from sustainable food systems by 2050, a “Great
Food Transformation” must be rapidly adopted
(Willett et al., 2019). This transformation focuses
on healthier, plant-based foods, reducing red meat
and sugar consumption by over 50% and increas-
ing the consumption of fruit, vegetables and nuts
by over 100% (Willett et al., 2019).

The increase in consumer demand for local and
nutritious food products is a force that drives
the conservation and use of local heritage and
traditional varieties. These local heritage variet-
ies correspond mainly to plant species cultivated
in a specific region for more than a century that
have adapted to particular agro-environmental
conditions (ODEPA, 2014).

Chile’s remarkable climatic diversity gives this
country a clear advantage in producing fresh fruits,
vegetables, and other food products, including well-
known components of the “Mediterranean diet.”
Furthermore, Chilean natural resources consist
of not solely fertile arable land with underground
and fluvial water resources but also the genetic
diversity of the local heritages (traditional variet-
ies) of plants that have adapted over time to the
diverse microclimates that make up the Chilean
landscape. These local heritages are a valuable

source of genetic diversity that may be used to
understand the genetic and biochemical basis of
how plants produce secondary metabolites with
bioactive properties that are beneficial to human
health (Berni et al., 2018).

The limited genetic diversity of commercial fruit
and vegetable varieties makes it challenging to
obtain new varieties with good taste, desirable
texture and healthy levels of bioactive compounds.
In contrast, due to years of adaptation to different
agroclimatic and geographical landscapes, non-
domesticated wild relatives and local heritages
have a higher genetic diversity and are a source
of unique genetic characteristics. Furthermore,
as mentioned in a recent report by the FAO, titled
“The state of the World’s Biodiversity for Food
and Agriculture” (FAO, 2019), crop wild relatives
and traditional heritages are essential resources
for future resilience breeding programs in a global
climate crisis scenario. Obtaining information
on the genetic diversity and genomic structure
of local Chilean heritages and associating this
information with biochemical and metabolic
profiles will provide useful information for future
breeding programs toward healthier, nutritious
and sustainable food production.

Peach [Prunus persica (L.) Batsch] belongs to the
Rosaceae family and has a chromosome number
of eight and a genome size of approximately 230
Mb/haploid (Verde et al., 2013). The fruit species
originated in China more than 4,000 years ago
(Faust & Timon, 1995; Wang & Zhuang, 2001).
Over the years, travelers carried peach seeds
from China to Persia and eventually brought and
spread them into Europe. Over a long period of
cultivation, naturally pollinated seedlings were
selected, adapting well to the local climate and
soil from which they were selected, resulting in
local heritages or commercial varieties of this
fruit tree species. Peaches were chosen for their
fruit qualities or ornamental characteristics and
propagated by seeds or grafts, resulting in the
production of various cultivars (Zhang et al., 2015).
Peaches were introduced to Chile by European
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explorers and were easily propagated in central
Chile due to the rich soil and warm climate (Gay,
1865). Many traditional peach varieties were
spread and cultivated during the X VIII and XIX
centuries (Lacoste et al., 2011).

Peaches are classified into three groups based on
the color of the mesocarp, which can be white,
yellow, or red (Wang & Zhuang, 2001). There
are several peach cultivars with red mesocarps,
known as blood-flesh peaches; however, they
are very scarce in some countries and unknown
in most. A large number of blood-flesh peach
cultivars have been cultivated in China for
hundreds of years, including the peach heritage
“Dahongpao” (Zhou et al., 2015; Yan et al., 2017)
and “Wu Yue Xian”, which was introduced in
France in 1980 (Shen et al., 2013). In France,
there are old blood flesh varieties, especially
in the Auvergne-Rhone-Alpes region, where
they are referred to as “peche de vigne”, “peche
sanguine” or “peche sanguine vineuse”, among
other names. In New Zealand, they are known
as “black boy” peaches, while in the USA, they
are “Indian blood,” and in Canada, they are
“Harrow blood” (Thornton, 2015; Chaparro,
1995). Although blood-flesh peaches have not
been previously described in Latin America, we
recently reported a traditional Chilean blood-
fleshed peach grown in some rural areas of
central Chile for many generations (Marchant
etal., 2022). Locally, this blood-fleshed peach is
referred to as “durazno-betarraga”, “durazno vino”
or “durazno conchovino,” a traditional variety
or heritage used just for family consumption
as fresh or dried fruits and jams. This Chilean
heritage blood-flesh peach corresponds to a
late variety, freestone peach that is self-fertile,
propagated from seeds and has significant an-
tioxidant potential.

Red mesocarp varieties are attractive due to the
pigmentation caused by the accumulated antho-
cyanins. These compounds play important roles
in plant cycles, including protecting them from
biotic and abiotic stresses and attracting animals to

distribute seeds or pollen for reproduction (Kong
etal., 2003). These phytonutrients are synthesized
by the phenylpropanoid pathway and have been
characterized in different plant species (Pandey et
al., 2014). Anthocyanins are present in relatively
high amounts in fresh fruit, and their colors make
them more attractive to the consumer. Additionally,
anthocyanins have strong antioxidant properties
(Dragsted et al., 2006; Shin et al., 2006; Butelli et
al., 2008; Williams et al., 2008). Previous stud-
ies in blood-flesh cultivars have reported high
contents of total anthocyanins and polyphenols
using spectrophotometric methods (Chaparro et
al., 1995; Cevallos-Casals et al., 2006; Vizzotto
et al., 2007). Quantitative analyses of individual
phenolic compounds have been carried out recently
in French blood-flesh peach cultivars (Aubert &
Chalot, 2020) and Chinese cultivars (Zhao et al.,
2015; Yan et al., 2017). In this study, we genetically
and phenotypically describe the Chilean blood-flesh
heritage variety. This study was performed by
analyzing genetic variability using the RosBREED
Peach v2 SNP chip. Additionally, quantitative and
qualitative analyses of polyphenol composition and
carotenoids and micro- and macroelement analyses
were performed on the epicarp and mesocarp of
this old Chilean heritage variety.

Materials and Methods
Plant material

During the 2017 and 2018 seasons, nine Chilean
heritage peach trees located in Putu (latitude 35°
12’ S and longitude 72° 17" W, one farm) and Las
Corrientes (latitude 35° 30" S and longitude 72° 32’
W, two farms), Constitucion, in the Maule Region
of Chile, were studied. Three fruits from each tree
were sampled. These trees were selected based
on morphological characteristics and the pigmen-
tation of the mesocarp and epicarp. Ripe fruits
were selected for uniformity based on color, size,
weight, soluble solids (SS), and absence of surface
damage (Figure 1). Three commercial varieties
of peaches were used for comparative analyses:



172 INTERNATIONAL JOURNAL OF AGRICULTURE AND NATURAL RESOURCES

two yellow mesocarp varieties (Romea and Alice
Col) and a white mesocarp variety (White Flesh).
These varieties were obtained from the German
Greve Silva Experimental Station, Universidad
de Chile, courtesy of Professor Rodrigo Infante.
For the genetic diversity analyses, these same
nine peach trees were used and compared to the
previously genetically characterized commercial
cultivar, Dr. Davis. The study presented in this
manuscript will show the results from the 2018
season because no significant difference was
found between the two seasons.

Figure 1: “Durazno betarraga”, a Chilean heritage blood-
flesh peach (Prunus persica L.). a: Tree with fruits at the
physiologically mature stage. b: Fruit mesocarp at the
ripened stage.

DNA extraction and genotyping

Young leaves were collected from 75 Chilean
blood-flesh peaches (heritages), including the
nine heritages mentioned in the Plant material
section, between Putu (35°12°51”’S/72°17°01”°W)
and Constitucion (35°20°00°°S/72°25°00°’),
Maule Region. Additionally, samples were
collected from 14 commercial varieties (Dr.
Davis, Summer Fire, Rich Lady 1, Rich Lady
2, Rich Lady 3, Venus, August Red 1, August
Red 2, August Red 3, Sweet Ice, Super August,
Rich May 1, Rich May 2 and Rich May 3) from
different nurseries located between Codegua
(34°02°00°’S/70°40°00”’W) and San Fernando
(34°35°02°°S/70°59°21’W). The samples were
frozen in liquid nitrogen and stored at -80 °C
until DNA extraction. DNA was isolated using
a modified CTAB protocol (Carrasco et al.,
2014; Meisel et al., 2005). At least 100 ng pl”!
of double-stranded DNA was measured with a
Qubit 3.0 Fluorimeter (Thermo Fisher Scientific).

DNA from the 75 Chilean blood-flesh peaches and
the commercial varieties were sent to Eurofins
BioDiagnostics, EEUU (https://www.eurofin-
sus.com/biodiagnostics/). The DNA samples
were genotyped using the International Peach
SNP Consortium 16K SNP peach v.2 array on
the Illumina Infinium platform. The genetic
information obtained as genotypes was stored
as a VCF file for posterior analysis with Tassel
5.2.52 (Glaubitz et al., 2014) and GenAlEx v.
6.5 (Peakall & Smouse, 2000).

Genetic analysis

Nucleotide heterozygosity was explored using
Tassel v5.2.52 software (Bradbury et al., 2007).
The software Genalex v. 6.5 (Peakall & Smouse,
2006) was used to carry out a principal coordi-
nate analysis (PCo) and to partition the genetic
variability within and among populations (¢,,
statistic) according to the analysis of molecular
variance (AMOVA; Excoffier et al., 1992). The
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significance of ¢, values was estimated by using
1,000 permutations.

Determination of fruit morphological and
harvesting parameters.

Size: Obtained through the measurement of the
equatorial and edge diameters of the fruit using a
digital caliper (Bull Tools, China), expressing the
results in centimeters with their corresponding
standard deviations.

Weight: Determined using an electronic precision
balance, and the results are expressed in grams
with their corresponding standard deviations.

Fruit firmness: Three fruits from each tree were
measured with an FTA electronic penetrometer
using a 7.9 mm plunger. Equatorial area measure-
ments were made on both sides of the fruit after
epidermis removal. The results are expressed
in pounds with their corresponding standard
deviations.

Soluble solids: The measurement was carried out
using a refractometer according to the method
described by AOAC (2007), and the results are
expressed in Brix with their corresponding stan-
dard deviations.

Fruit harvest: Three fruits were harvested with
a fruit firmness between 12-14 1b and soluble
solids content between 8-12% (Gil 2001) using
an electronic penetrometer and a refractometer,
respectively.

Determination of individual phenolic compounds

Anthocyanin profiling was performed using the
method described by Pena et al. (2007), with the
following modifications: five grams of tissue
ground in liquid nitrogen was used for solid/
liquid extraction with 20 mL of an 80% metha-
nol solution for 30 min on ice with stirring and

subsequently centrifuged at 12,300 x g for 10
minutes. This solution was filtered, and 100 pl
was injected directly into the HPLC-DAD. The
anthocyanin content of the sample was quanti-
fied using a calibration curve performed with
cyanidin-3-rutinoside.

The contents of low-molecular-weight phenols
(i.e., phenolic acids, flavonols and flavanols) in the
mesocarp and epicarp were determined using the
method described by Obreque et al. (2010) with
the following modifications: 5 g of each tissue
was taken and ground in liquid nitrogen; then,
a second solid/liquid extraction with 20 mL of
80% methanol was performed for 10 minutes on
ice with stirring and subsequently centrifuged at
12,300 x g for 30 minutes. The aqueous fraction
was extracted with 25% of their initial volume
of Milli-Q water and then extracted three more
times with 20 mL of ethyl ether, followed by
three extractions with 20 mL of ethyl acetate
using decantation funnels. These extracts were
dried on a rotary evaporator, rehydrated with 2
mL of a 1/1 v/v methanol/water solution, and
finally filtered through a 0.22 um membrane
filter. From this sample, 40 pl was injected into
the HPLC-DAD. Chromatographic separation
was performed with a Nova Pak (Waters) C-18
column, 4 um 3.9 * 300 mm with three mobile
phases: 2% acetic acid (Merck) in water, methanol
and water: acetonitrile: acetic acid (78: 20: 2) in
gradient flow.

Macro- and microelement determinations

Macro- and microelement concentrations were
determined in samples that were oven dried at
70 °C for 72 hours using 2 g dry weight of each
sample. These samples were subsequently ground
in a mortar, and 200 mg of each sample was used
to perform the first phase of acid digestion with 6
mL of nitric acid, 4 mL of hydrogen peroxide, and
10 mL of distilled water overnight. The second
stage of digestion was performed by bringing the
solution up to 121 °C for 1 hour at a pressure of
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0.1 MPa using an autoclave. The liquid resulting
from mineralization was filtered and diluted to 20
mL with deionized water. Finally, quantification
of the mineralized samples was performed using
a microwave plasma atomic emission spectrom-
eter (MP-AES 4200; Agilent Technologies) as
described by Molina and Covarrubias (2019), for
which standards of known concentrations were
used. The blank contained 10% nitric acid. The
first standard had macroelements (K, P, Ca and
Mg) at 2 ppm and microelements (Fe, Zn, Mn,
B and Cu) at 0.2 ppm. In the second standard,
all the macroelements were at a concentration
of four ppm, and the microelements were at 0.4
ppm; for the third standard, the macroelements
were at 70 ppm, and the microelements were at 4
ppm. Finally, in the fourth standard, the macroele-
ments were at 150 ppm, and the microelements
were at 15 ppm.

Carotenoid determination

For carotenoid analyses, 1 g of tissue (mesocarp
or epicarp) was ground in liquid nitrogen and
macerated with 8 mL of hexane/acetone/ethanol
(2:1:1; v/v) in a precooled mortar. The homog-
enate was transferred to a 15 mL Falcon tube,
stirred with a vortexer for 2 min and incubated
on ice in the dark for 2 min. The samples were
subsequently centrifuged at 12,300 x g for 10
min at 4 °C. The supernatant containing the ca-
rotenoids was transferred to anew 15 mL Falcon
tube. This solution was dried with a flow of N,
and resuspended in 2 mL of acetone: methanol:
water (6: 3: 1). It was then filtered and injected
into the HPLC-DAD equipment. Chromatographic
separation was performed with a Nova Pak C-18
column, 4 pm 3.9 * 300 mm. The mobile phase
used was acetone:methanol:water (60:30:10) in an
isocratic flow of 1.5 mL min™. All operations were
carried out in dark and cold conditions to avoid
photodegradation, isomerization and structural
changes of the carotenoids (Stange et al., 2013). A
lycopene calibration curve was used to calculate
the concentrations of the carotenoids.

Data analysis

Variance analysis (ANOVA) and Tukey’s test
were carried out for parameters with normal
distribution using the Past 4.11 software package
(Hammer et al., 2001).

Results
Genotyping

Chilean blood-flesh peach trees were genotyped using
the Peach v.2 (16K) array. After filtering SNPs with
frequencies less than 5% and missing data greater
than 10%, 7,439 SNPs were used to determine the
genetic diversity between the blood-flesh peach
heritages and commercial peach varieties. The
average observed heterozygosity was low for the
75 blood-flesh peach trees (Ho=0.09). In contrast,
commercial peach varieties showed approximately
three times superior heterozygosity levels (Ho=0.32).

AMOVA indicated significantly high genetic
differences among the 75 Chilean blood-flesh
and 14 commercial peach varieties (¢,,=0.56;
p<0.01), which was consistent with the principal
coordinate analysis (PCo). For instance, the first
two components of PCo explained 71.7% of the
genetic variability (Figure 2) and showed that
the blood-flesh heritage peaches tended to form a
genetically different group from the commercial
varieties. Additionally, it is important to highlight
that the Rich May, Rich Lady, and August Red
varieties were sampled three times from differ-
ent orchards to verify their genetic identity and
the precision of the genetic analysis. The results
showed high genetic similarity among replications
of those three commercial varieties.

As illustrated in Figure 2, the local varieties of red-
fleshed heritage peaches showed more significant
genetic differentiation than the commercial varieties.
However, 73% of heritages showed high genetic
similarity, even though some were located at the
same point in Figure 2. In contrast, 20 heritage lines
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Figure 2. Principal coordinates analysis (PCo) based on
BP) and 14 commercial varieties (black diamonds).

showed some genetic differences. Based on these
genetic results, nine red-fleshed peach heritage lines
(13.3%) were used to estimate fruit quality param-
eters. These heritage lines were randomly selected.

Evaluation of morphological and harvest
parameters that define quality characteristics in
the fruit

The quality parameters of Chilean blood-flesh
peaches harvested in February 2018 were de-
termined. A summary of these determinations
is presented in Table 1. Three fruits from each
of the nine trees were used to determine the fol-
lowing quality parameters: equatorial diameter,
edge diameter, weight, fruit firmness, and soluble
solids, together with their respective standard
deviations, obtained from three repetitions, cor-
responding to three fruits per tree. ANOVA results
for these quality parameter analyses revealed that
the blood-flesh peaches were smaller (size and
weight) and less firm (p>0.01) than the yellow
(Romea and Alice Col) and white (White Flesh)
mesocarp commercial varieties. However, no
significant differences (p>0.05) were observed
in solid soluble contents.

7,439 SNPs and 75 blood-flesh peach heritages (red circles,

Content and analysis of the anthocyanin profiles
present in the mesocarp and epicarp of fruit

Anthocyanin contents were determined in the
mesocarp and epicarp of the blood-flesh peaches
from the 2018 season (Table 2). Only one type
of anthocyanin was identified: cyanidin. This
compound was linked to two different sugars:
cyanidin-3-glucoside (C3G) and cyanidin-3-ru-
tinoside (C3R), the former being the predominant
sugar. The blood-flesh peach fruits presented
high levels of C3G and C3R in the mesocarp,
ranging from 394 to 1930 pg of C3R equivalent/g
FW of C3G and from 20 to 468 pg g' FW of
C3R. C3G and C3R were undetectable in the
mesocarp of the control commercial varieties
(Alice Col, Romea, and White Flesh). When
the epicarp was evaluated, the range of C3G in
the blood-flesh peaches was between 98 and 276
ug of C3R equivalent g! FW and from 36 to 111
ug g!' FW of C3R. C3G was undetectable in the
epicarp of the commercial variety Romea; lower
levels were present in the White Flesh peaches
than in the blood-flesh peaches (75.6 + 8.6), but
equivalent levels were detected in the Alice Col
variety (209.0 £ 12.3). C3R was undetected in the
epicarp of the Romea and White Flesh varieties,
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but low levels (9.6 + 1.0) were detected in Alice
Col peaches.

The variance analysis of anthocyanin content
in the blood-flesh peaches showed significant
differences between the studied trees (p<0.01)
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only for cyanidin-3-glucoside (C3G) present in
the mesocarp and epicarp. In this regard, tree 56
produced significantly higher C3G, followed by
trees 53, 60, and 71. Moreover, the blood-flesh
peaches showed higher levels of anthocyanin
than commercial varieties.

Table 1. Quality parameters of blood-flesh peaches measured in the 2018 season.

Group TrelD o) diametmy EiE @ Ty eme
Blood-flesh 44 45.843.8" 46.1+4.3" 60.249.9b 1.9+0.5% 16.6+1.8
peaches 52 54.044.35 54.543.9> 85.8+15.2¢ 1.6+0.6" 12.941.7
53 54.545.60 51.3+4.8° 82.9426.7" 1.30.4% 11.5+1.8
56 44242 50 457220 50.6+7.0° 1.5+0.4% 15.941.9
58 4754250 48.622.7" 54.8+6.8" 1.6+0.5 14.4+1.9
59 48.6+2.5" 51.942.8° 64.2+8.6" 1.8+0.5 17.6+0.9
60 44.642.8" 47.8+1.9 52.6+6.8" 1.7+0.6" 15.6+1.4
68 52.8+3.30 58.443.6" 87.1417.3" 27413 12.542.0
71 47.4+1.6" 4744220 59.144.9" 1.5:0.4" 11.541.8
Peach control  Alice Col 69.5+4.0¢ 66.7+4.9¢ 161.8+29.1¢ 6.044.5¢ 14.42.3
fruits Romea 70.3+2.4¢ 58.842.9¢ 159.5+14.4¢ 4.841.1¢ 12.6+1.3
White Flesh 75.146.5¢ 65.545.4¢ 205.2446.0° 334110 11.422.1

“The number of analyzed fruits was three per tree; Peach control fruits correspond to commercial varieties (Alice Col: nectarine
with yellowish flesh; White Flesh: nectarine variety with white mesocarp; Romea: cling peach variety). mm: millimeters; g:
grams; Ib: pounds; +SD: represents the average of three samples. a,b = similar letters indicate no significant differences; different
letters indicate significant differences according to ANOVA and Tukey’s test. NS = no significant difference.

Table 2. Anthocyanin contents (cyanidin-3-glucoside, C3G, and cyanidin-3-rutinoside, C3R) in blood-flesh peaches.

Mesocarp Epicarp
Group Tree I.D." C3G? C3R*™s C3G? C3R3 ™S
E;;’;’S‘ﬁ“h 44 588.4£92.1¢ 92.1£125.1 216.7+21.8" 46.4+2.7
52 394.24+38.1¢ 38.1£117.0 98.9+27.9¢ 373+9.7
53 1083.5+£102.5” 102.5+339.1 226.9+71.9° 79.5+16.6
56 1930.6+£377.7¢ 377. 730.3 276.6+55.6° 93.8+34.4
58 930.1+226.1° 226.1+£273.6 106.6+10.5¢ 46.8 £ 0.8
59 429.2+20.1¢ 20.1£140.3 108.4+32.3¢ 40.7+10.4
60 971.8+307.7° 307.7+294.8 204.7+6.1° 743 +£7.3
68 1262.1+44.3" 44.3+336 102.4+63.7¢ 36.1+£19.7
71 902.2+468.2° 468.2+350.0 242.4+28.8" 111.3£14.0
Peach Alice
control - - 209.0+12.3 9.6+1,0
fruits Col
Romea - - - -
White Flesh - - 75.6+£8.6 -

“The number of analyzed fruits was 3 per tree; % the level of C3G is expressed in pg of C3R equivalent/g FW (FW: fresh weight);
3: the level of C3R is expressed in pg of C3R/g FW. Peach control fruits correspond to commercial varieties (Alice Col: nectarine
with yellowish flesh; White Flesh: nectarine variety with white mesocarp; Romea: cling peach variety). SD: represents the average
of three samples. -: not detected. a, b, ¢ = similar letters indicate no significant differences; different letters indicate significant
differences according to ANOVA and Tukey’s test. NS = no significant difference
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Identification and quantification of low-

molecular-weight phenols

Low-molecular-weight phenolic compounds
were identified and quantified (Tables 3 and 4).
These analyses were performed in the epicarp
(Table 3) and mesocarp (Table 4) in all fruits,
and the results are expressed as the concentra-
tion of phenols (ug g fresh weight) and their
corresponding standard deviations. A total of
27 different phenolic compounds were detected
in the blood-flesh peaches, with higher levels
and diversity of phenolic compounds detected in
the epicarp and the mesocarp of the blood-flesh
peaches compared to the commercial varieties.

Ten different flavan 3-ols were found in blood-flesh
peaches. Among them, procyanidins B2, B3 and
B4 were present at high levels in the mesocarp,

177

ranging from 1.87 to 16.18 ug g', while these
flavan 3-ols were not detected in any control
peach varieties. Similar results were obtained for
catechin in mesocarp, with levels ranging from
0.52t02.87 ug g

Among flavonols, three different glycosylated
flavonoids, quercetin and kaempferol (3-glucoside,
3-galactoside and 3-rutinoside), were detected
in the blood-flesh mesocarp and epicarp when
compared to control peaches. Quercetin and
kaempferol glycosides have been previously
reported in other peach cultivars, including
French and Chinese blood-fleshed collections
(Tomas-Berberan et al., 2001; Zhao et al., 2015;
Aubert et al., 2020).

Nine hydroxycinnamic acids were identified
exclusively in the mesocarp of the blood-fleshed

Table 3. Identification and quantification of low-molecular-weight phenolic compounds in blood-flesh peach epicarp

(pg/g fresh weight).

EPICARP
Blood-flesh peach trees
Phenolic compounds

Peach control fruits

Flavan 3-ols 44 52 53 56 58 59 60 68 7 Alice Col White Flesh Romea
protocatechic acid 0.730.52 022+0.19 0.412041 0242021
procyanidin dimer 033£0.57 6.87:6.85 5.43£1.51 0242021
procyanidin B1
procyanidin B2 0.8:08 15.25:4.77 5.09+1.38 7.47:3.62
procyanidin B3 1165116 0.82:0.79 255224 1.49:0.99
procyanidin B4 4.57+2.96 10.49:7.89 1264109 15.6+15.6
procyanidin 1.09£0.27 131£1.16 1.14£0.04
procyanidin gallate 043:0.43 2.66:0.95 2004174 274142 2474096 7.545.55 0.70:0.10 0.66:0.12
catechin 2.23+132 1092071 1.2340.57 0312029
epigallocatechin 0.88:0.88
Flavonols
quercetin-3-glucoside 30.66+17.14 274841772 484+484  162:13.09 15.5748.17 29531647 4.38:3.69
quercetin-3-galactoside 2.28+0.79 2.95:1.65 497:4.52 4212050
quercetin-3-rutinoside 15.84+7.81 25.37:24.05 10.83+7.44 2454139 8.24+3.30 1895+12.27
kaempferol-3-glucoside 1.78:0.91 2.86+0.93 057:0.55 069043 367175 3.56:2.62 4.66:3.11 2184152 1.10+1.01
kaempferol-3-galactoside 294147 104£0.62  3.79:2.44 1276092 032:028 073041 3.67:3.05 0.75+130 5.17£1.55 0.81:0.69
kaempferol-3-rutinoside 030:0.30 43724.02 2.1840.16 0.02:0.04 0.17:0.14
Hydroxycinnamic Acid
trans-neoclorogenic acid 1.6240.50 0.88+1.53 12:0.64
cis-chlorogenic acid 6295:61.62  20.69+11.44 12262965  3.60+2.30 511001 17.81+16.03 4222275 243126 5.18:2.04
trans-chlorogenic acid 67.3+4.45 3.6926.40 485:2.85 3.18+1.73 3.66+1.15
cis-ferulic acid ester 0.120.12 0.5420.41
trans-ferulic acid ester 02120.13 0.200.06
cis-ferulic acid 0.09+0.09 0.18:0.02
cis-p-coumaric acid ester 0.09:0.09
trans-p-coumaric
0.25+0.03 020£0.07
acid ester
Stilbenes
trans-resveratrol 0.180.00 024022 0.1120.09 041202 036:0.33 0.29:0.05
Tannins
elagitanine 0.84:0.28 083:0.72 0955035 0472044 220+1.10 3.49:2.74 1.09£0.12

Peach control fruits correspond to commercial varieties (Alice Col: nectarine with yellowish flesh; White Flesh: nectarine variety
with white mesocarp; Romea: cling peach variety). SD: represents the average of three samples. “-“: not detected
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peaches. In contrast, only trans-chlorogenic
acid was also detected in the commercial vari-
ety Alice Col. However, the trans-chlorogenic
levels in the blood-flesh peach mesocarp were
between 4 and 30 times higher than those in
the commercial variety Alice Col. Cis- and
trans-chlorogenic acids were also present in
the epicarp in both blood-flesh and control
peaches. The presence of chlorogenic acid in
blood-flesh varieties has already been reported
(Cavallos-Cassals et al., 2006; Zhao et al., 2015;
Aubert et al., 2020), as has p-coumaroyl acid
(Aubert et al., 2020).
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We were able to identify cis- and trans-ferulic
acid and trans-resveratrol in the mesocarp of
blood-flesh peaches for the first time (Table 4).

It is important to mention that the phenolic com-
pounds identified in the mesocarp and epicarp
in the blood-flesh peaches and the commercial
varieties fluctuated greatly. Some of the phenolic
compounds were below the minimum required
for HPLC detection. For instance, it was not
possible to perform a variance analysis, and
the data are shown to qualitatively compare the
obtained data.

Table 4. Identification and quantification of low-molecular-weight phenolic compounds in blood-flesh peach mesocarp

(ng/g fresh weight).

MESOCARP

Blood-flesh peach tree

Phenolic compounds

Peach control fruit

44 52 53 56 58 59 60 68 71 Alice Col  White Flesh ~ Romea
Flavan 3-ols
protocatechic acid 0.19+0.09 0.05£0.00 0.14=0.09 0.17+0.00  0.10£0.09 0.18+0.18 0.58+£0.33  0.20£0.17
procyanidin dimer - 1.06+0.38 - 0.34+0.34 196+1.71 5.62+4.31 2.70+0.04 1.42+0.99 1.30:£0.00
procyanidin B1 - - - - - -
procyanidin B2 5.25+3.78 - 296+2.42  3.37+2.01 - 16.18+2.66  1.23+0.00
procyanidin B3 - - - - - 11.00+9.22 3.68+2.45 1.87+0.22
procyanidin B4 5.38+2.14 - - - - 5.21+5.21 - - - - -
procyanidin - - - - - 0.3040.30 2.57+1.04  0.93+0.87 - - -
procyanidin gallate - - - 0.43+0.37 - 2.18+0.88 4.39£1.59  1.70+0.22  2.13+0.45 - -
catechin 1.6£1.09 - 1.01£0.56 - - 0.52+0.52 2.87+2.56  0.97+0.74 - - -
epigallocatechin - - - - - 3.00+3.00 - - - - -
Flavonols
quercetin-3-glucoside - - - - 8.76+7.03 9.55+2.58 24.38+15.27 25.62+23.08 9.60+9.29 1.92+0.86
quercetin-3-galactoside - 4.99+4.37 - - - 0.37+0.37 10.7+4.91 1.57+0.00 1.99:+0.66 -
quercetin-3-rutinoside - 4.63+4.01 - 9.19+6.91 7.94+3.76 5.57+4.81 22.68+3.46  3.05+1.40
kaempferol-3-glucoside 0.50+0.48  0.38+0.29  0.07+0.06  0.20+0.12 - 0.13+0.13 1.38+0.71  0.55+0.00
kaempferol-3-galactoside - 0.80+0.71 - 0.740.46 0.77+0.16 0.81+0.81 3.69+1.47 1.84£1.79  4.01+3.42 0.26+0.17
Kaempferol-3-rutinosido 0.35+0.33 - - - - 0.09+0.00 - 0.90+1.52 - - -
Hydroxycinnamic Acid
cis-neoclorogenic acid - - 4.41£1.66 - - = = - - -
trans-neoclorogenic acid 1.39+0.47 - - - - 3.70+3.70 6.31+3.36 - - - -
cis-chlorogenic acid 24.59+3.30 - 20.2+6.00 18.78+8.36 20.72+12.45  7.17+6.86 6.93+420  2.66+0.28 - - -
trans-chlorogenic acid 15.89+13.80 19.54+8.34 16.61+7.86 21.27£9.49 19.95£14.51  8.56+5.76 12.69+3.93  2.93+1.25 0.70+0.34 - -
cis-ferulic acid ester - - 0.11£0.10  0.22+0.02 - 0.04+0.03 0.28+0.28 0.62+0.47  0.07+0.00 - - -
trans-ferulic acid ester 0.21+0.19  0.16+0.14 - - - 0.71£0.23  0.20+0.17 - - -
cis-ferulic acid - - - - - 0.19+0.06 0.45+0.42 - - - -
cis-p-coumaric acid ester - - - - - 0.47+0.45 - - - -
trans-p-coumaric acid ester  0.23£0.03 - 0.25+0.00  0.21+0.04 0.21+0.02 0.25+0.25 0.46+0.43 - - - -
Stilbenes
trans-resveratrol - - 0.50+0.50 0.32£0.03  0.03+0.00
Tanins
clagitanine - 0.61£0.00  0.54+0.08  0.6+0.13  0.77+041  0.51x0.17 1.07+0.00 0.96+0.38  1.31+0.33  0.59£0.22  0.34=0.11  0.43=0.14

Peach control fruits correspond to commercial varieties (Alice Col: nectarine with yellowish flesh; White Flesh: nectarine
variety with white mesocarp; Romea: cling peach variety). SD: represents the average of three samples. - : not determined for the

equipment
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Contents and profiles of micro- and
macroelements in fruits

The micro- and macroelement analyses in the
mesocarp and epicarp of the fruits of the blood-
flesh peaches and the control peach varieties (Alice
Col, White Flesh, and Romea) are presented in
Supplementary Tables 1-4. The macroelements
found in more significant quantities included po-
tassium and phosphorus, and the most abundant
microelements were boron and zinc. However, no
statistically significant differences were detected
between blood-flesh peaches and the other com-
mercial varieties analyzed, and the concentrations
tended to remain within the same ranges in all
varieties.

Contents of carotenoids in blood-flesh peach
fruits

The contents of carotenoids present in the blood-
flesh peaches, which have an intense purple meso-
carp (Figure 1b), were determined (Supplementary
Table 5); one measurement is shown because the
values were the same for the nine samples. In the
epicarp and mesocarp, two types of carotenoids
could be found: lutein and B-carotene. According
to their chemical structures, they are carotenes
or hydrocarbon carotenoids, i.e., B-carotene, and
xanthophylls or oxycarotenes, i.e., lutein (Beltran,
2012). According to the results, B-carotene was
present at higher levels than lutein in both tissues.
Compared to commercial varieties, the contents
of B-carotene and lutein were always lower in
the blood-flesh peaches (Supplementary Table 5).

Discussion

The Peach v.2 (16K) array (RosBREED Peach v2)
revealed a moderate level of heterozygosity (Ho
= 0.32) for the 14 commercial varieties, similar
to those reported for occidental varieties by Li et
al. (2013), Micheletti et al. (2015), and Akagi et
al. (2016). In this regard, Micheletti et al. (2015)

analyzed 1,240 peach accessions from European
and Asiatic germplasm collections using this chip
(9K). They ultimately analyzed 4,271 SNPs that
showed heterozygosity levels that ranged between
0.003 and 0.680, with an average of Ho=0.286.
Akagi et al. (2016) found heterozygosity values
between 0.220 and 0.264 in 67 cultivars using
5,180 SNPs. In contrast, the blood-flesh peaches
showed low heterozygosity (9.0%), which was
inferior to that reported for occidental varieties
by Li et al. (2013).

The partitioning of genetic variability carried out
by AMOVA indicated high genetic differentiation
between blood-flesh heritages and commercial
varieties of peaches (56%). The commercial
varieties showed close genetic similarity, which
was expected because the development of new
peach varieties has been based on a reduced
number of founding parental lines (Aranzana et
al., 2010; Aranzana et al., 2019). The commercial
peach varieties had a high heterozygosity level, in
agreement with previously reported investigations
on this species (Ho=0.3 and 0.5; Li et al., 2013;
Micheletti et al., 2015). In this regard, commercial
peach varieties are produced by crossing two elite
parental lines to obtain a hybrid F1 generation
from which the best phenotypes are selected.
Subsequently, the best F1 phenotypes are grafted
and evaluated for several years, with the ultimate
goal of releasing a new variety (Carrasco et al.,
2013). The low genetic variability observed in
the local varieties of blood-flesh peaches can be
partially explained by the self-pollination and
crosses between related trees over many years.
Simultaneously, propagation via seeds and genetic
segregation could support the more significant
genetic differences between local varieties of
blood-flesh peaches. Similar results have been
reported for peach heritages in Spain (Pérez et
al., 2020).

Many studies on bioactive and antioxidant
compounds have been published on yellow- and
white-flesh peaches and nectarines, the most com-
mercial cultivars worldwide (Tomas-Barberan
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Table 5. Comparison of phenolic compound concentrations in blood-flesh peach cultivars

Reference

Red-fleshed Peach Cultivar

Phenolics Contents

Concentration

Methodology

Jiao etal. 2014

Zhao et al. 2015

Yan et al. 2017

Aubert et Chalot, 2020

Corral et al. (this study)

Beijingyixianhong (Germplasm Resource

Center of Peach, Nanjing, China)

Heiyoutao (Germplasm Resource Center of

Peach, Nanjing, China)

Experiment Station, Shanghai, China)

Dahongpao (National Peach Germplasm Re-
pository, Nanjing, China)

Monsan 1 (Star Fruits, France)

Monsantrois, Star Fruits, France

Durazno Betarraga, Constitucion, Maule,

Chile.

Cyanidin-3-glucoside

Cyanidin-3-rutinoside

Cyanidin-3-glucoside

Cyanidin-3-rutinoside

Cyanidin-3-glucoside

Chlorogenic acid

Quercetin-3-0O-galactoside

Quercetin-3-O-glucoside

Quercetin-3-O-rutinoside

Cyanidin-3-glucoside

Cyanidin-3-glucoside

Cyanidin-3-rutinoside

Quercetin-3-O-galactoside

Quercetin-3-O-glucoside + Quercetin-3-

O-rutinoside
Chlorogenic acid

Cyanidin-3-glucoside

Cyanidin-3-rutinoside

Quercetin-3-O-galactoside

Quercetin-3-O-glucoside + Quercetin-3-

O-rutinoside
Chlorogenic acid

Cyanidin-3-glucoside

Cyanidin-3-rutinoside

Epicarp: 120 mg/100g FW
Mesocarp: 50 mg/100g FW
Epicarp: nd
Mesocarp: nd
Epicarp: 115 mg/100g FW
Mesocarp: 15 mg/100g FW
Epicarp: 45 mg/100g FW
Mesocarp: 5 mg/100g FW
Epicarp: 220.30+//.40 mg/100g DW
Mesocarp: 184.81+/0.14 mg/100g DW
Epicarp: 674.38+25.83 mg/100g DW
Mesocarp: 175.89+5.84 mg/100g DW
Epicarp: 69.38+2.77 mg/100g DW
Mesocarp: 4.90+0.02 mg/100g DW
Epicarp: 67.84+2.86 mg/100g DW
Mesocarp: 21.35%/.10 mg/100g DW
Epicarp: 172.73+6.07 mg/100g DW
Mesocarp: nd
Mesocarp: 25.44 mg/100g FW

Whole peach: 14.38 mg/100g FW

‘Whole peach: 2.38 mg/100g FW
Whole peach: 18.81 mg/100g FW
‘Whole peach:17.66 mg/100g FW

Whole peach 40.87 mg/100g FW
17.53 mg/100g FW

3.12 mg/100g FW
16.88 mg/100g FW

20.29 mg/100g FW

18.37 mg/100g FW
Epicarp: 175.9 mg/100g FW
Mesocarp: 943.5 mg/100g FW
Epicarp: 62.9 mg/100g FW
Mesocarp: 186.3 mg/100g FW

HPLC

HPLC-DAD and LC-ESI-
MS/MS

HPLC (Agilent, USA)

HPLC (Rocket, Genevac
Ltd)

et al., 2001; Cantin et al., 2009; Zhao et al.,
2015). However, little information is available
regarding the quantity of individual phenolic
compounds in blood-flesh cultivars, even when
the high contents of these secondary metabolites
should be considered a valuable trait for produc-
ing nutritious food.

A Chilean heritage of blood-flesh peach (“durazno
betarraga”) has been growing for generations in
family orchards without commercial agronomical
management in the Maule Region (See Figure
1). The evaluations of the morphological and

harvest parameters such as equatorial and edge
diameters, weight, firmness and soluble solids
(Table 1) revealed that the “durazno betarraga”
fruits were smaller and less firm and weighed
less at harvest time when compared to com-
mercial varieties. These results may be due to
poor agronomical management of the trees or
a genetic factor leading to the production of
smaller fruits.

One of the compounds that indicates a high
antioxidant capacity of a fruit is the presence of
anthocyanins. Peach has two distinct red-flesh
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phenotypes. One phenotype has been reported
in the Harrow Blood cultivar, where anthocyanin
accumulates in the mesocarp after pit hardening
and leafing (Chaparro et al., 1995). The other
phenotype is characterized by anthocyanin ac-
cumulation only in the mesocarp during the late
stages of fruit development (Zhou et al., 2015). Our
study identified one type of anthocyanin linked to
two different sugars, cyanidin-3-glucoside (C3G)
and cyanidin-3-rutinoside (C3R), with C3G levels
that were higher in the mesocarp and epicarp of
Chilean blood-flesh peaches than in three com-
mercial varieties. The determination was made by
separating the mesocarp and epicarp, and higher
concentrations were obtained in the fruit pulp.

The results were contrasted with the commercial
peach varieties Alice Col and Romea with yellow
mesocarp and White Flesh with white mesocarp.
At the ripening stage, the peach fruit changes its
background color, which evolves from green to
red due to chlorophyll degradation. For the coat-
ing color, greenish-yellow to red tones change,
generally in response to the accumulation of
anthocyanins and carotenoids, both antioxidant
compounds (Africano, 2015). In the “Durazno
Betarraga” blood-flesh peach, after pit hardening,
the mesocarp starts to change from green to an
intense purple color, similar to the Harrow Blood
phenotype. Altogether, the dark gray with violet
hues in the epicarp differentiate the “Durazno
Betarraga” from the current commercial peaches
available nationally. This purple pigmentation in
both tissues is associated with the accumulation
of anthocyanins. The results in Table 2 support
the above, indicating that the blood-flesh peach
reached an average C3G concentration of 943.5
mg 100 g, with up to 186.3 mg 100 g' of C3R
in the mesocarp. In contrast, in the commercial
varieties (Alice Col, Romea and White Flesh),
no concentrations of any anthocyanin com-
pound were identified in that tissue. The same
tendency could be observed with the epicarp
contents for C3G and C3R, indicating the high
ranges of these two types of anthocyanin in the
blood-flesh peaches.

Table 5 shows a comparative analysis among dif-
ferent blood-flesh peach cultivars, including this
study. For this analysis, all the results are shown in
mg g rather than pg kg'. The C3G and C3R con-
centrations in Chilean blood-flesh peach are higher
in the mesocarp than in the epicarp. In contrast, the
Chinese varieties Beijinggyixianhong, Heiyoutao
and Wujingzaobaifeng have higher concentrations
in the epicarp than in the mesocarp (Jiao et al.,
2014, Zhao et al., 2015). Additionally, our values
of C3G and C3R are the highest compared with
Beijinggyixianhong, Heiyoutao, Dahongpao and
Monsan 1 and Monsantrois (French varieties).
However, our values cannot be compared with
the Wujingzaobaifeng variety because the authors
expressed their results as dry weight.

Additionally, the content of phenolic compounds
is an indication of potential antioxidant activity.
In these analyses, twenty-seven compounds were
identified. Phenolic compounds are closely related
to food sensory and nutritional quality, contributing
to flavor and, to a lesser extent, aroma (Rodrigo-
Garcia, 2006). The concentrations of polyphenols
can vary significantly according to the extraction
method used, which explains, in part, the diversity
of results found in the literature. Additionally, differ-
ences for the same variety in different geographical
regions can explain the differential expression of the
phenylpropanoid pathway enzymes responsible for
synthesizing phenolic compounds (Rodrigo-Garcia,
2006). Our results show that chlorogenic acid and
quercetin were the predominant components detected
in both tissues (the epicarp contained higher amounts
of low-molecular-weight phenols than the mesocarp).
As summarized in Table 5, chlorogenic acid has
been found in the Wujingzaobaifeng, Monsan 1 and
Monsantrois varieties with higher concentrations
than in our results.

Our results show high variability in concentra-
tions, ranging from not detected to 24.59 mg 100
¢! in mesocarp and 62.95 mg 100 g in epicarp,
which are in the same range as values reported
for French varieties (40.87 mg 100 g ! for M1 and
18.37 mg 100 g ' for M3)(Aubert & Chalot, 2020).
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Quercetin-3-O-galactoside, quercetin-3-O-
glucoside and quercetin-3-O-rutinoside were all
found in Chinese and French varieties and Chilean
blood-flesh peaches. The values between French
and Chilean varieties were similar, despite more
variability detected in the Chilean varieties.

These results showed that different varieties of blood-
flesh peaches are rich sources of hydroxycinnamates
(chlorogenic acid) and flavonols (quercetin-3-glucoside
and quercetin-3-rutinoside) (Zhao, 2015).

All the phenolic compounds found have gained
attention due to their potential biological and
pharmacological effects on human health. Antho-
cyanins are known to have beneficial properties
for health, such as cardioprotective, antidiabetic
and anti-inflammatory properties, among others
(Garzén, 2008). Both catechin and procyanidins
significantly protect against coronary heart dis-
ease (Auger et al., 2004). Chlorogenic acid has
antimicrobial, antioxidant and anti-inflammatory
properties (Tajik, 2017).

Fruits also have micro- and macroelements that
are necessary for a balanced diet. In this study,
the macroelements found in higher quantities
corresponded to potassium and phosphorus, and
the more abundant microelements were boron and
zinc. In this study, peach fruits proved to be a good
source of macroelements, especially potassium.
High potassium intake is positively associated
with bone metabolism, decreased blood pres-
sure and reduced morbidity and mortality from
cardiovascular disease. Zinc and boron, which are
among the essential microelements, were the most
abundant in both tissues, with important biologi-
cal activity linked to the metabolism of human
enzymes. Zinc has been reported as a cofactor for
more than 200 enzymes involved in immunity,
the growth of new cells, acid-base regulation, and
other processes and is more concentrated in the
epicarp than in the mesocarp (Tylavsky, 2008).
However, no statistically significant differences
between blood-flesh peaches and the commercial
varieties used as controls were found.

In peaches, the color of the mesocarp is among
the most popular and commercial criteria for
classifying cultivars. Ranging from yellow to
orange, these are colors generated by the high
contents of carotenoids. The accumulation of
carotenoids in the mesocarp causes the difference
between yellow and white genotypes. A peculiar
and more intense aroma generally characterizes
the latter due to the higher formation of volatile
compounds derived from the decomposition of
the carotenoid skeleton (Giberti, 2019). Accord-
ing to the results presented in Supplementary
Table 5, B-carotene predominated over lutein in
both tissues (mesocarp and epicarp). However,
the blood-flesh peach had a lower content than
the commercial varieties. When we compared
the color of the mesocarp, the blood-flesh peach
and the White Flesh commercial variety did not
have significant amounts of this type of pigment,
as opposed to what was noted in the varieties of
yellow mesocarp (Romea and Alice Col), which
had 18 times higher concentrations of 3-carotene
than the white/red mesocarp.

This work shows that the concentration of anthocya-
nins in blood-flesh peaches is above the parameters
previously reported for white and yellow mesocarp
commercial peach varieties, directly associating the
purple—reddish pigmentation with a more consider-
able accumulation of these compounds. Similarly,
the low-molecular-weight phenols are present in
higher concentrations and are more diverse in
the blood-flesh peaches compared to commercial
varieties. As mentioned above, it should be noted
that blood-flesh peaches have a higher antioxidant
potential than the commercial varieties used as
a control in this study, as a high content of low-
molecular-weight phenolic compounds was found
in the epicarp compared to that of the mesocarp,
unlike anthocyanins, where this comparison was
reversed. Therefore, consumption of this variety
may help prevent cardiovascular diseases, cancer
and some types of diabetes, among other diseases
by eating either the whole fruit (preferably) or
removing the epicarp, a practice that is useful
for people allergic to the trichomes of this tissue.
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In conclusion, the analyses presented in this
manuscript detail a phenotypic and genetic char-
acterization of the Chilean heritage blood-flesh
peach, revealing several interesting characteristics
that make the Chilean blood-flesh peach relevant
for future breeding programs and a potential
commercial crop with desirable consumer traits.
These characteristics include the following:

- The 75 local varieties of red-fleshed
heritage peaches showed high genetic
similarity with each other and significant
genetic differentiation compared with
commercial peach varieties.

- The Chilean heritage blood-flesh peach
contained higher levels of anthocyanins
(cyanidin-3-glucoside (C3G) and cyanidin-
3-rutinoside, C3R) compared to the com-
mercial peach varieties used as controls.

- Chilean heritage blood-flesh peach number
56 showed higher cyanidin-3-glucoside (C3G)

levels in the mesocarp and epicarp, followed
by peaches from trees 53, 60, and 71.

- The Chilean heritage blood-flesh peach
(Prunus persica L.) contained a higher
diversity of low-molecular-weight phe-
nols than the commercial peach varieties
analyzed in this study.
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Resumen

R. Corral, B. Carrasco, C. Ramirez, L. Marchant, A. Peifia, J. I. Covarrubias, L. A.
Meisel, 1. Pacheco, E. R. Bascuiian-Ortiz, y H. Silva. 2022. Analisis fenotipicos de
diversidad genética, composicion polifendlica y rasgos de calidad de la fruta del durazno
betarraga chileno (Prunus persica L.). Int. J. Agric. Nat. Resour. 169-198. Este estudio
reporta por primera vez la diversidad genética entre duraznos betarraga de Chile, asi como
la caracterizacion de los compuestos fitoquimicos y bioactivos presentes en estos frutos. Se
realiz6 un andlisis de diversidad genética utilizando 7.934 marcadores SNP. La heterocigosidad
promedio observada (Ho=0,09) fue muy baja en los 75 durazneros betarraga chilenos, mientras
que 14 variedades comerciales de durazno tuvieron niveles significativamente mas altos de
heterocigosidad (Ho=0,32). Ademas, las lineas de durazno betarraga fueron genéticamente
similares entre si, y todas estas lineas fueron genéticamente diferentes de las variedades
comerciales. Se realizé un analisis comparativo, entre epicarpio y mesocarpio de los frutos de
durazno. Se evaluaron pardmetros de calidad de frutos a la cosecha (peso, tamafio, firmeza y
solidos solubles) y concentraciones de polifenoles totales, antocianinas, carotenoides, asi como
macro (P, K, Ca, Mg) y microelementos (Fe, Zn, Mn, B ,Cu). Estos analisis mostraron que el
durazno betarraga tiene altas concentraciones de antocianinas (cianidina-3-glucosido (C3G) y
cianidina-3-rutinésido, C3R) en comparacion con las variedades comerciales con mesocarpios
blancos o amarillos. Se realiz6 una comparacién entre las variedades Chinas, Francesas y
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Chilenas que muestran valores similares para los compuestos antioxidantes. No se detectaron
diferencias significativas en el contenido de micro y macroelementos en estos frutos de pulpa
roja en comparacion con las variedades comerciales.

Palabras claves: Compuestos bioactivos, desarrollo del fruto, durazno betarraga, Rosacea.
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