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Genetic variation analysis and discovery of major effect genes for photo-

synthetic traits in apricot
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Abstract: [Objective] Photosynthesis is a crucial physiological process for plant growth and yield for-
mation, and also is an important trait to improve in fruit trees. Elucidating the genetic variation patterns of
photosynthetic traits in the F, generation of apricot populations can provide a theoretical basis for genetic
improvement of fruit trees. [Methods] The F, population of apricot was constructed by a crossing be-
tween Chuanshizhong with high photosynthetic rate, and Luotuohuang with low photosynthetic rate. The
measurements of photosynthetic rate, stomatal conductance, intercellular CO, concentration, and transpi-
ration rate were conducted on the two parents and the individuals of the F, population using Li-6400XT.
[Results] The photosynthetic rate exhibited a range of variation from 67.60 to 109.10 pmol -m™-s"' in
2015 and 19.50 to 92.60 umol-m™-s™ in 2016. The directional trends in photosynthetic rates of the hy-
brid progeny differed between the two years. In 2016, a trend toward higher photosynthetic rates was
observed, while in 2017, the trend shifted toward lower photosynthetic rate regions. The photosynthetic-
related traits exhibited a normal distribution, indicating that it would be a typical quantitative genetic

characteristic. The broad-sense heritability (H?) of the photosynthetic rate, transpiration rate, and inter-
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cellular CO, concentration in the apricot hybrid population were all approximately 0.80, suggesting that
the variation in these traits is predominantly attributed to genetic effects, with minimal influence from
the environment, indicating substantial genetic potential. The progeny mean values of the photosynthet-
ic traits exceeded the parental mid-values, demonstrating a pattern of overdominant inheritance. Nota-
bly, extreme overdominance was observed in hybrid individuals for the photosynthetic rate and stomatal
conductance. This implied the possibility of selecting varieties with high photosynthetic rates and stoma-
tal conductance in the offspring. The broad-sense heritability analysis suggested that the photosynthetic
rate, transpiration rate, and intercellular CO, concentration were mainly influenced by genetic effects. A
high-density indel genetic map for apricot was constructed, with a total of 1356 co-located markers and
an average marker interval of 0.44 cM. The high-density indel genetic map for apricot revealed seven
quantitative trait loci (QTLs) related to photosynthetic traits, distributed on linkage groups 1, 4, and 6.
Notably, both QTL sites controlling photosynthetic rate were situated on linkage group 1, with position-
ing intervals consistent in different years (2016: 62.25-69.00 cM, LOD values ranging from 2.54 to
2.79; 2017: 63.28-69.00 cM, LOD values ranging from 3.96 to 4.14). In 2016, two QTL sites associated
with stomatal conductance were detected (61.00-62.25 cM, LOD values 1.68-1.83; 104.42-106.45 cM,
LOD values ranging from 1.54 to 1.89), both were located on linkage group 1. In 2017, one QTL site
controlling intercellular CO, concentration was identified (65.40-68.68 cM, LOD values ranging from
3.03 to 3.25). Additionally, one QTL site governing transpiration rate was detected in 2016 and 2017,
with positions at 13.50-14.85 cM and 52.60-53.95 cM, and LOD values ranging from 2.01 to 2.17 and
2.20 to 2.21, respectively. Using the Bulked Segregant Analysis (BSA) method, one QTL related to pho-
tosynthetic rate was located on Chr7. Gene extraction from QTL intervals using apricot genome and an-
notation information identified 217, 186, 111, and 114 genes related to photosynthetic rate, stomatal
conductance, intercellular CO, concentration, and transpiration rate, respectively. The enrichment analy-
sis revealed an association between the photosynthetic rate and the carbon fixation pathway, with the in-
volvement of gene PA0I1G03444 observed in QTLs for transpiration rate and stomatal conductance.
Therefore, the PA01G03444 gene would emerge as a potential key regulator of photosynthesis. These
findings present valuable gene resources for further investigations on the molecular mechanisms under-
lying photosynthesis in apricot trees. [Conclusion] The gene P401G03444 might be the major regulato-
ry gene for photosynthesis, laying the groundwork for screening candidate genes controlling photosyn-
thesis.

Key words: Apricot; F, population; Photosynthetic traits; Genetic variation; QTL mapping
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Fig. 1 Distribution patterns of photosynthetic traits in the apricot F, population
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Fig. 2 Frequency distribution of photosynthetic traits in the apricot F, population
®1 BFECLAIERNERER
Table 1 The genetic variation in photosynthesis of apricot F, population
Fhr PEAR BEA A SRTVE TACFIME B R e B A A8 7
. . AR RELCVI%
Year Trait Female Male Mid-parent Average H%
2016 P, 19.30+0.38 10.05+0.70 14.67 17.68+0.90 12.43 61.94
G, 0.34+0.02 0.10£0.01 0.22 0.2440.02 25.27 91.75
Ci 259.90+8.08 200.10+6.38 229.97 259.10+8.93 7.55 60.44
T; 2.52+0.09 1.83+0.11 2.18 3.25+0.35 28.08 96.24
2017 P, 17.56+1.55 9.35+1.25 13.45 17.73+0.43 14.88 82.69
G, 0.31+0.05 0.09+0.01 0.20 0.24+0.01 25.94 85.95
G 257.20+9.97 220.10+9.58 238.68 256.90+8.98 8.97 57.16
T 2.32+0.29 1.81+0.03 2.07 3.25+0.26 21.30 97.18
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Fig. 3 Distribution of markers on linkage groups and mapping of QTLs for photosynthesis-related traits
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Table 2 The distribution of QTLs related to

photosynthetic traits in apricot

Fhr PEIR QTL &

F152.60~53.95 cM, LOD{H 43 28 2.01~2.17 5 2.20~
221, A HE EBEERMSILFELE 1S5 S
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/N E 0 SNP FRICAL A5 ) SNP index [ HA1H , 322
P M2 B (B 4, Horp, TS RE AT 1000 7B #e

Year Traits Group Position/cM LoD
2016 P, Chrl 62.27~69.00 2.54~2.79
2017 Chrl 63.28~69.00 3.96~4.14
2016 T Chrl 13.50~14.85 2.01~2.17
2017 Chr4 52.60~53.95 2.20~2.21
2016 G, Chrl 61.00~62.27 1.68~1.83
2016 Chrl 104.42~106.45 1.54~1.89
2017 G Chr6 65.40~68.68 3.03~3.25
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Fig. 4 Localization results of photosynthetic rate based on BSA
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Table 3 The statistics of gene information in QTL regions

for apricot photosynthetic traits

Pel MG QTLKH R
Traits Chromosome  QTL position/cM PhyS}cal Gene
location/Mb  number

P, Chrl 62.27~69.00 25.4~26.2 129
Chrl 63.28~69.00 25.5~26.2 112
Chr7 — 9.8~10.6 88

G, Chrl 13.50~14.85 38.0~38.8 119
Chr4 52.60~53.95 25.8~26.2 67

G Chrl 61.00~62.27 25.9~26.2 47
Chrl 104.42~106.45 7.4~8.1 64

I Chr6 65.40~68.68 23.8~24.5 114
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Fig. 5 Enrichment analysis of genes within QTL intervals of photosynthesis rate for apricot
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