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Application of four molecular markers for breeding peach aphid (Myzus

persicae Siilzer) resistance
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Abstract: [Objective] Phenotypic evaluation of green peach aphid (Myzus persicae Siilzer) infestation
was conducted during the peak occurrence period in spring. The developed molecular markers for aphid
resistance were validated on a large scale within the population. Highly accurate molecular markers
were employed to screen out aphid-resistant peach individuals, followed by genotyping to identify their
resistance-associated alleles. This study provides valuable support for selecting aphid-resistant parental
lines in peach breeding programs. [Methods] Using hybrid progeny derived from resistant sources of
Prunus davidiana, P. persica var. densa, and cultivated peach (P. persica), along with their parental
lines and developed aphid-resistant ornamental peach cultivars, we monitored green peach aphid (M.
persicae) infestations from March to May, with weekly surveys. For each plant in the surveyed popula-
tion, tender leaves were sampled, and genomic DNA was extracted via the Cetyltrimethylammonium
Bromide (CTAB) method. Four molecular markers linked to aphid resistance (InDel24, InDel23, P62,
and QMR) were selected for PCR amplification using the extracted DNA as a template. The amplifica-

tion products were separated by polyacrylamide gel electrophoresis, visualized, and analyzed. The uni-
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versality and accuracy of these markers were evaluated by integrating phenotypic data from peak aphid
infestation periods. Validated markers were then applied to aphid-resistant ornamental peach cultivars.
Additionally, from June to July, fruit maturity was assessed weekly. Six fruits at 80% maturity, uniform-
ly distributed on the outer canopy, were sampled per tree to measure single-fruit weight and soluble sol-
id content (SSC). These data were combined to screen for elite aphid-resistant individuals with desir-
able fruit quality traits. [Results] (1) The InDel24 molecular marker originated from the Zhou Xing
Shan Tao (ZXST), demonstrated strong universality in hybrid populations derived from ZXST with
aphid resistance. In progeny populations from the cross between ZXST and Nan Yi Qu Xi 29-13, the
marker achieved accuracy rates of 100%, 99.21%, 100%, and 100% in populations 1, 2, 3 and 4, respec-
tively, confirming its utility for genotyping these hybrids. However, this marker showed no applicability
in other resistant populations. The P62 marker exhibited 99.21% accuracy in hybrid populations with P.
persica var. densa ancestry (population 4), but proved ineffective in other genetic backgrounds. Nota-
bly, neither InDel24 nor P62 could amplify polymorphic fragments in resistant P. persica progeny (pop-
ulation 5), rendering them unsuitable for genotyping aphid-resistant genotypes in this population. Al-
though derived from P. persica resistance, the InDel23 marker similarly failed to differentiate genotypes
in population 5. In contrast, the QMR marker produced distinct bands enabling genotype discrimina-
tion, albeit with a modest accuracy rate of 62.61%. It is noteworthy that while the P62 marker success-
fully amplified homologous genes in both ZXST and Nan Yi Qu Xi 29-13, validation experiments con-
firmed its inability to discriminate genotypes in their hybrid progeny. (2) In the F3 progeny population
derived from ZXST hybrids, fruit maturation was concentrated between late June and mid- July. The
fruit size predominantly fell into the small-fruit category (50 g<<average single fruit weight < 100 g),
with four individuals reaching the medium-fruit standard (100 g<<average single fruit weight < 150 g).
All evaluated individuals exhibited high soluble solid content (SSC) levels (12% < SSC<<14%), with
nine plants achieving the extremely high standard (SSC = 14%). Based on these comprehensive evalua-
tions, we identified 12 aphid-resistant individuals with superior agronomic traits that were suitable for
direct selection in breeding programs. (3) Using the above molecular markers, the genotypes of the bred
peach aphid- resistant ornamental peach varieties were identified and their resistance sources were
traced. It was found that the resistance band of Bao Chun could only be detected in the peach aphid-re-
sistant marker from ZXST, and the genotype was AAbb; the resistance bands of Zhong Bi Zhi Chun
Shou Xing, Zhong Bi Hong Long Zhu and Zhong Bi Fen Chong Long Zhu could only be detected in the
peach aphid-resistant marker from Shou Xing Tao, and the genotypes were all aaBB. Notably, only
three cultivars Yuan Chun, Yin Chun, and Hua Chun Shou Xing possessed dual-origin resistance. We
hypothesized that in single-resistant cultivars, heterozygous parental genotypes during hybridization led
to segregation and subsequent loss of resistance alleles from one origin in the progeny. [Conclusion]
The populations and molecular markers employed in this study encompassed three distinct sources of
green peach aphid resistance. Among these, InDel24 and P62 demonstrated high accuracy rates for
aphid-resistant plants and their hybrid progenies derived from P. davidiana and P. persica var. densa, re-
spectively, indicating significant potential for breeding applications. However, in aphid-resistant proge-
ny originating from P. persica sources, none of the three markers (InDel24, InDel23, or P62) could ef-
fectively discriminate resistant genotypes, with the exception of QMR. Notably, the QMR marker exhib-
ited only moderate accuracy (62.61%), suggesting that further research is required to develop more reli-
able molecular markers for identifying aphid resistance in cultivated peach germplasm.

Key words: Peach; Resistance to green peach aphid; Genotype identification; Molecular markers
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Table 1 Test material information

4 A BEUICN BUPORIE

Name Parents Group size Resistance origin

wHF (Sl P SARISRIAIE =) PRSP s - ARG ENGSIANIE S

Baochun (Mantianhong>Baihuashanbitao) Seeding naturally Hongshouxing, Zhouxingshantao
Ve (Sl P SARISRIAIE =) PRSP R - ARG ENGSIATNIE S

Yuanchun (Mantianhong>Baihuashanbitao) Seeding naturally Hongshouxing, Zhouxingshantao
HEE (Sl SARISRIANIE =) DRSPS - ARG ENGSIANIE S

Yinchun (Mantianhong>Baihuashanbitao) Seeding naturally Hongshouxing, Zhouxingshantao
[EEE [ RATx96-6-38 (AL 3¢ 2-7x FA{E L 2D ] - ARGI NG AT
Huachunshouxing [Mantianhongx96-6-38(Bei Jing2-7>Baihuashanbitao)] Hongshouxing, Zhouxingshantao
hERER IR HIRBE B SRS E - Ak

Zhongbizaoxiangchun (MantianhongxGansutao) Seeding naturally Hongshouxing

AR A (LL77 B ) E AR s A - ARG ENGSIATNIE’ S
Zhongbizhichunshouxing (HongshouxingxZhouxingshantao) Seeding naturally Hongshouxing, Zhouxingshantao
EREEEA W) e (LL77 B ) H AR s A - ARG ENG AL
Zhongbihonglongzhu (Hongshouxing*Zhouxingshantao) Seeding naturally Hongshouxing, Zhouxingshantao
SRR I Cir T Bk AR L 280 B AR SR - Gyl
Zhongbifenchonglongzhu (ZhouxingshantaoxBaihuashanbitao) Seeding naturally Zhouxingshantao

At bk R R AP IR BE ) B SR 92k - AepEBE

Xiayepantao (ZhaohuixNongshenpantao) Seeding naturally Nongshenpantao

A R £ x29-13 (R — X 75 57 AL

Population 1 [Zhongnongjinhuix29-13 (Nanyiquxi)] Zhouxingshantao

M52 P SARGE SIS 127 ARGIENG S AT

Population 2 (MantianhongxZhouxingshantao) Hongshouxing, Zhouxingshantao
M43 29-13(F— X ) 54 44 LBk

Population 3 29-13 (Nanyiquxi) seeding Zhouxingshantao

Hir4 Hih 16 5 x29-13 (R — X 1) 110 % bk

Population 4 [Zhongyou 16x29-13 (Nanyiquxi)] Zhouxingshantao

H#rs KPR BT TR B TER ST

Population 5 (NongshenpantaoxPingdingyoupantao) Nongshenpantao
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Table 2 Information on primers used for polyacrylamide gel electrophoresis

EiiR> Sl kv B i 51975 (5'-3D)

Types of resistance Primer name Primer sequence (5'-3")

1Bk Prunus daviadina InDel24-F CAAATGAAGCCCAGAAGCTC
InDel24-R ACCTTCCGAGGTTGTCTCCT

# Bk P. persica var. densa P62-F AGTTAATTTCCCAAGGTGTTCTT
P62-R TGCAAATTGTAGAGAAATTGAGAG

FFE bk P. persia InDel23-F AACCTATCTACACCATTCACCATCC
InDel23-R AGGATGGATGACAACACATAGGAG

FEEHk P persia QMR-20bpPCR-F AACTTCAGGTTTTACAAACGGAG

QMR-20bpPCR-R

GTGGAGCCCACCAATACAAT
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Fig.1 Comparison between leaves resistant to green peach aphid (left) and leaves susceptible to green peach aphid (right)
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Table 3 Investigation of the natural occurrence of peach aphid in the field

I BEAAR KN Bkif % 4= 45t Peach aphid occurrence

Hybridization combinations Group size HR R MR S HS
414 1 Population 1 57 57 0 0 0 0
414 2 Population 2 127 126 0 0 0 1

414 3 Population 3 44 44 0 0 0

/4 4 Population 4 110 110 0 0 0 0

44 5 Population 5 115 23 28 22 27 15

¥R HR.RMR A fiHUr Bt Sbkief 72 20, SVHS s £y Bt , Jelef 75 2 35 3
Note: In the Table, HR, R and MR represent high resistance, aphid resistance, and moderate resistance, with the degree of resistance decreasing; S

and HS represent aphid susceptible and highly aphid susceptible, with the degree of aphid susceptible increasing.

200 bp

150 bp

MIE B ANFEIKIE 35 8 Marker R O VIRAR R LD EIAR AR P S AR AR o BRI R T AR P O ER A R A
el 22k A A LR 29-13 (R — X V) HeR G il 16 5 ARMPEE Bk T Toth i Bk et i bk . B 5.7.9 kAR
From left to right, the lanes are Marker, Baochun, Yuanchun, Yinchun, Mantianhong, Huachunshouxing, Zhongbizaoxiangchun, Zhongbizhichun-
shouxing, Zhongbihonglongzhu, Zhongbifenchonglongzhu, Hongshouxing, Baihuashanbitao, Zhouxingshantao, 29-13 (Nanyiquxi), Zhongnongjinhui,
Zhongyou 16, Nongshenpantao, Pingdingyoupantao, Xiayepantao. Figures 5, 7 and 9 are the same.
2 SFHRIC InDel24 FERRSY M KB A FEARPRIFE

Fig. 2 Bands of molecular marker InDel24 in some varieties and combined parents

250 bp

200 bp

B3 4 FFFIC InDel24 FELHE 1 HEYERHY s

Fig. 3 The molecular marker InDel24 is partially banded in combination 1

250 bp

200 bp

E 4 FFrIC InDel24 7£2HE 3 FHIERA &

Fig. 4 The molecular marker InDel24 is partially banded in combination 3
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Fig. 5 Bands of molecular marker InDel23 in some varieties and combined parents

AFH SR X 40385 R 20 B Pt , W 6, 4100 AT B4 36 £
JEEVREE, T2 F Indel23 %58 44 2 TR 96 43 44
KL A 26t ARy HG A &, 70 NP A A 5%
W A ARG HER R N 72.92% . H1T 4 FHricd In-

100 bp

del23 5k B EHk, K 5> 7451 InDel23 £ E 4 & 5,
FT A FARR 9 8 T 29100 bp B4, TEIEX 2Bt
R, A TR AN IE TR AR R AR
e BF LR 25 7€

6 FIRIC InDel23 7E4A4 2 hEYER D 5T

Fig. 6 The molecular marker InDel23 is partially banded in combination 2
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250 bp
200 bp

&7 SFFRIC P62 EHD MM ERAESFEAFRHET

Fig. 7 Bands of molecular marker P62 in some varieties and combined parents

250 bp
200 bp

&8 HFHrIC P62 fEEA 2 FRIEH £

Fig. 8 Molecular marker P62 in a partial band in combination 2

200 bp
150 bp

B9 5FHRIC QMR AR @M AR FAPHFES

Fig. 9 Bands of molecular marker QMR in some varieties and combined parents
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2.6 IBKEFEAKIFIZ FAMRT R R EILR T Elﬂ%'%%k%z(loo g<°F

LEOPINT R A TARCIRIESE B, N R E<150 o) ; il R TEFE Y& EA S Hhis F

200 bp
150 bp |

B 10 4 FHRC QMR 7EHA 5 REERH &
Fig. 10 Molecular marker QMR in a partial band in combination 5
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Table 5 Evaluation of agronomic traits

4k AR A WO T P ) Mk S
Name Harvestable ripening period Average fruit mass/g Average soluble solids content/% Flavor Genotype
ZCC-1704-45 6 H " Mid-June 36.4 16.0 Wi Rich sweet Aa
ZCC-1704-53 7 A L4 Early July 52.9 16.8 fif Sweet Aa
ZCC-1704-56 6 4t 1) Mid to late June 81.8 15.2 fif Sweet Aa
ZCC-1704-57 6 1 F ) Mid to late June 100.9 14.0 #if Sweet Aa
ZCC-1704-65 6 A" T Mid to late June 79.7 15.2 W& Rich sweet  Aa
ZCC-1704-69 6 A" A Mid to late June 89.8 16.3 i Sweet Aa
ZCC-1704-72 6 7 ) Mid-June 89.7 12.3 #f Sweet Aa
ZCC-1704-73 6 A" A Mid to late June 106.7 18.4 i Sweet Aa
ZCC-1704-81 6 A H ) Mid to late June 83.5 13.6 Wi Rich sweet  Aa
ZCC-1704-85 7 A -] Early July 82.5 17.8 i Sweet Aa
ZCC-1707-94 6 A o ) Mid to late June 106.1 13.0 Wi Rich sweet  Aa
ZCC-1707-95 6 A H A Mid to late June 120.5 13.3 filf Sweet Aa
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Fig. 11 Standard photo of ZCC-1704-57
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