om0 2026,43(2): 237-245

Journal of Fruit Science

DOI:10.13925/j.cnki.gsxb.20250351

1 S5EMBRERIFREERZEDH
5FRL,EALLE BLHERLE EVE R,
RER LK W WAR LY BLE B

R AR 272 5 R TE T T« AR b AR 8 el 25 0 o B 900 P A S B0 =, I 77 % 1251005
AT OR S AR S« S A P B S AR € SRR AR A B R 5T SRR B S = B s T T 832000)

8 EABMLAAND TSI 1S A Y 5 458 F A EAH G PR 1R 38 4 28 5 0384 B0, 00 B0 5 6 7 4R
HepHE O A L@ F R VR AT, GEiT 20 B 2050 1500 A 58 44 22 F o AR 204 MR R 10 S AN EUE B MR (T8 BLAR AL
TS K W S E R ) R 2 AR B MR (FE (R B CEE DD , 0 W s I LR R )40 1 5 5 B 3 FAC S
AN EAE B PR IR 8 S o AT 5 R I TE AR AR e R AR/ (14.13%) , 8% A% 38 771 89.84% , F2 A R AU AR 57 5238t
BRI 37, SRR BTN 2MG-BA . TEFBOE %1% 3% 7708 72.43% , R AR 35 2258 -27.57% , 1 2RI AL 2MG-
AD. HEFSHOH 25 R IE 27.76% , 32 25 RIBAE 2N 92.00% , S R N 2MG-AD . 85078 57 R 40K 386.35%, 14
R 2MG-A . AEFEK AR 53 R AU R (417.24%) , 5 2 [R5 % A 24.34% , R BAR PSR R e . FoARdE
o BB O B S5 (R R 20 B, 40 B R BN 1 (4.46%) K21 (50.50% )  £1.(33.66% ) R4 21 (11.38%) ;s F AR FALIE (82.57%)
FEIEC17.43%) L5 YR L5 1 5 < E IR PO, BFFU4E R T e s Bk 2 57 b e B R
S HERS AL Sy AN B A 15 5 A ) 25k R T s, M S B LA A e R g TG R B e e e
FER): W B F AR A s PEIR s do A%

FE 5SS :S661.4 CRRFRRRAD : A XEHRES :1009-9980(2026)02-0237-09

Genetic analysis of floral traits in F, hybrids of Hongxun No. 1xDouble-

flowering crabapple
LI Zichen', WANG Dajiang', WANG Kun', SUN Simiao', TIAN Wen"?, WANG Lin', SUN Yanming',
LIU Zhao"?, GUO Hanxin', SHANG Wei', GAO Yuan"

('Research Institute of Pomology, Chinese Academy of Agricultural Sciences/Key Laboratory of Horticultural Crops Germplasm Resourc-
es Utilization, Ministry of Agriculture and Rural Affairs, Xingcheng 125100, Liaoning, China; *College of Agriculture, Shihezi University/
Key Laboratory of Special Fruits and Vegetables Cultivation Physiology and Germplasm Resources Ultilization of Xinjiang Production
and Construction Corps, Shihezi 832000, Xinjiang, China)

Abstract: [Objective] Ornamental crabapples (Malus spp.) are primarily distributed across the Eur-
asian continent and North America. Due to their vivid flower colors, concentrated blooming periods,
and abundant flowering, ornamental crabapples have been widely applied in scenic areas, gardens, ur-
ban greening, and container gardening. Many ornamental crabapples in China were introduced from
North America and Europe, and hybrid breeding was primarily focused on improving fruit traits of des-
sert apples. As a result, the breeding of crabapples started relatively late and mainly targeted descriptive
traits such as flowering time, phenology, and flower color. Heridity of quantitative floral organ traits has
been far from clear. A deeper analysis of the genetic variation and inheritance patterns of floral traits in
the F, progeny derived from the cross between Hongxun No. 1 and Double-flowering crabapple can pro-

vide a foundation for breeding ornamental apple cultivars. [Methods] A total of 204 F, hybrid individu-
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als derived from the cross between Hongxun No. 1 (Malus spp.) and Double-flowering crabapple (Ma-
lus spp.) were investigated for five quantitative floral traits (flower diameter, petal count, stamen count,
pistil count, and peduncle length) and two descriptive traits (flower color and petal type: single or dou-
ble). We organized experimental data using IBM SPSS Statistics 27, and generated figures with Origin
2018. The parental values (P, and P»), variances (V}; and V), mid-parent value (MP), hybrid population
mean (F), standard deviation (S), variance (Vu), coefficient of variation (CV, %), transmissibility (7, %),
broad-sense heritability (H,’, %), heterosis rate (H, %), and high-parent rate (HH, %) were calculated to
analyze the inheritance patterns. The mixed major gene plus polygene inheritance model was used to an-
alyze the genetic models of the five quantitative traits in the F, population using the SEA software pack-
age. The optimal genetic model was selected based on the minimum Akaike’ s Information Criterion
(AIC), and the corresponding major gene effects were estimated using the least squares method. [Re-
sults] Phenotypic identification of five quantitative and two descriptive traits in 204 F, progeny re-
vealed rich genetic diversity. The flower color in the F, population showed clear segregation into four
phenotypes: white (4.46%), pink (50.50%), red (33.66%), and purplish-red (11.38%). The petal type
segregated into single- petaled (82.57% ) and double- petaled (17.43% ) individuals. Variants such as
white single-petaled and red double-petaled were observed, demonstrating the high potential for select-
ing elite ornamental germplasm. All five quantitative traits showed varying degrees of phenotypic varia-
tion. The flower diameter had the lowest coefficient of variation (14.13%) and exhibited high genetic
transmissibility and broad-sense heritability. Its optimal inheritance model was 2MG-EA, with a posi-
tive additive major gene effect and a major gene heritability as high as 98.79%. The petal count exhibit-
ed relatively high heritability and transmissibility, but with a negative heterosis (-27.57%). Most F; indi-
viduals had fewer petals than the mid-parent value, and the double-petal phenotype was unstable. The
adaptability test suggested the optimal inheritance model for petal count was 2MG-AD. The stamen and
pistil count both showed substantial variation in the F, generation, indicating the potential for genetic
improvement. The stamen count exhibited strong positive heterosis, high-parent value, and high herita-
bility. Its optimal model was 2MG-AD, with a positive additive effect (3.72) and a negative dominance
effect (—2.45), indicating a degree of suppression from dominant genes. The major gene heritability was
92%, showing stable inheritance primarily under additive genetic control. The pistil count had a high co-
efficient of variation, heritability, and broad-sense heritability. The best model was 2MG- A, indicating
the inheritance was dominated by additive effects, suggesting good selection potential. The peduncle
length conformed to a normal distribution but had the highest coefficient of variation (417.24%), indi-
cating strong phenotypic plasticity in response to environmental factors. It had relatively low transmissi-
bility (20.5%) and broad-sense heritability (52.75%). The F, mean value was slightly lower than the
mid-parent value, showing negative heterosis. The optimal genetic model was 2MG-AD, but the addi-
tive and dominance effects of the major genes were weak. [Conclusion] The floral traits of the F, proge-
ny from the cross between Hongxun No. 1 and Double-flowering crabapple displayed varying degrees
of genetic variation and segregation. The flower diameter and stamen count showed high heritability
and stable major gene control, making them priority traits for selection and fixation. The petal count
was governed by a complex genetic mechanism involving both major genes and dominant suppression
effects. Thus, breeding for double flowers should involve double-flowered parents on both sides. The
pistil count exhibited significant variation and was regulated by additive effects of major genes, show-
ing the potential for improvement. The peduncle length demonstrated low heritability and selectability,

indicating the need for comprehensive evaluation integrating phenotype and environmental response.
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This study clarified the inheritance patterns of floral quantitative traits in the F, population from Hongx-

un No. 1 x Double-flowering crabapple and would provide theoretical support and reference models for

future floral organ trait improvement and molecular-assisted breeding.
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Fig.1 Frequency distribution of quantitative traits in the F, progenies of Hongxun No. 1xDouble-Flowering Crabapple
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Table 1 The heritable variation of quantitative traits in the F, progenies of Hongxun No. 1xDouble-Flowering Crabapple

SEK Parent FAX Progeny
T = S
. a1 TR ERFH MRS BRI SRR
PEAR Traits . 7 Double-  HE{H CFIME  VEHE Coefficient of Genetic FAES ; y
Hongxun . . L . Broad-sense high
Flowering MP Average Range variation , trans mitting Heterosis S .
No. 1 e heritability/% heterosis
Crabapple CVI% ability/% rate/%
rate/%
TLHEZE 5.71 5.04 5.38 4.83 2.20~7.10 14.13 89.84 -10.16 137.29 8.52
Flower diameter/cm
TEIEEL 5.00 12.00 8.50 6.16 4.00~21.00  222.94 72.43 -27.57 67.22 7.13
Petal count
F 10.00 25.40 1770 21.03  6.00~55.00  242.06 118.79 1879 92.95 27.76
Stamen count
IHE S H 4.70 5.40 5.15 5.31 3.00~20.00  386.35 103.00 3.00 72.15 21.70
Pistil count
bl RiSi s 3.20 4.39 3.80 3.63 1.10~6.80 417.24 20.50 -4.50 52.75 20.15

Peduncle length/cm
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Table 2 The heritable variation of descriptive traits in the F, progenies of Hongxun No. 1xDouble-Flowering Crabapple
FAE FARHEAR 43 25 Lo 71
. AR Parent Segregation ratio of traits in F, hybrids/%
Traits a1 R F wa oo gy W Bl
I No. 1 Double-Flowering Whit Pink Red Purpl Single Double
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115 Flower color 21 Red KYEL Pink 4.46 50.50  33.66  11.38 82.57 17.43
LN g Likig HIF

Single or doble flower Single flower Double flower
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Table 3 Candidate genetic models of floral quantitative

traits and their maximum log likelihood values and

AIC values
IR Trait FE 7 Model MLV AIC value
fLHRZ 2MG-EA -177.23 360.46
Flower diameter 2MG-A -177.20 362.41
IMG-A -180.23 366.46
TEEHL 2MG-AD 4258.131 -8504.26
Petal count 2MG-EA 4069.563 -8133.13
IMG-EAD 3801.569 ~7595.14
e 2MG-AD -682.06 1376.13
Stamen count 2MG-A -691.08 1390.16
IMG-AD -692.85 1393.71
MHE RS HL 2MG-AD 2017.54 -4023.08
Pistil count OMG-A 1321.15 ~2634.29
IMG-AD 1248.39 -2488.77
e K 2MG-AD -225.321 462.6417
Peduncle length 2MG-EA -229.314 464.6285
OMG -230.421 464.8417

MLV, B ALK B 2018 s MG A2 DR EAL S50k s AL ik
AD. IntE-f P EAD. 8Nk ; OMG. — X T«

Note: MLV. Log max likelihood Value; MG. Major gene; EA. Equal
additive; A. Additive; AD. Additive— dominant; EAD. Equal additive

dominant; OMG. One major gene.

e 356 BN I K B2 1Y) i B a8 A% AL D9 2MG-AD (2
XN - S TR D) o R O 3 A i agk A Y

F4 HHEDMERIEEEREEMRE
Table 4 Adaptability test of candidate genetic models for floral quantitative traits

IR Trait 1578 Model Uy Uy Uy nW* Dn
TR 2MG-EA 0.000 2(0.988 2) 0.001 0(0.9749)  0.004 7(0.9453)  0.011 0(0.9999)  0.026 2(0.999 0)
Flower diameter 2MG-A 0.008 3(0.927 4) 0.007 6(0.930 5)  0.000 0(0.996 6) 0.0110(0.9999)  0.021 6(0.993 0)
IMG-A 0.000 2(0.989 2) 0.001 0(0.9751)  0.0053(0.9422)  0.0315(0.9710)  0.030 0(0.992 8)
TEHHL 2MG-AD 44.785 7(0.000 0) 16.080 7(0.000 0)  97.585 4(0.000 0)  10.481 0(0.0209)  0.532 7(0.000 0)
Petal count 2MG-EA 143.146 5(0.000 0) 130.035 0(0.000 0)  0.5252(0.468 6)  19.507 7(0.000 0)  0.650 7(0.000 0)
IMG-EAD 34.045 9(0.000 0) 17.453 7(0.000 0)  34.661 3(0.0000)  8.7129(0.0133)  0.496 9(0.000 0)
HEESK 2MG-AD 0.000 4(0.984 5) 0.0013(0.9712)  0.004 8(0.9446)  0.009 6(0.9999)  0.025 7(0.999 2)
Stamen count 2MG-A 0.092 3(0.761 3) 0.068 1(0.7942)  0.017 6(0.8944)  0.079 4(0.7062)  0.056 1(0.530 2)
IMG-AD 0.002 4(0.960 6) 0.001 1(0.9740)  0.0038(0.9511)  0.0414(0.926 1)  0.035 1(0.959 8)
S HL 2MG-AD 0.718 8(0.396 6) 1.2909(0.2559)  1.5908(0.2072)  0.761 0(0.009) 0.209 7(0.000 0)
Pistil count 2MG-A 24.760 9(0.000 0) 26350 5(0.000 0)  1.590 1(0.2073)  2.744 1(0.000 0)  0.287 9(0.000 0)
IMG-AD 0.594 2(0.440 8) 0.276 7(0.598 9)  0.776 9(0.378 1) 0.5112(0.0379)  0.169 6(0.000 0)
TEAE K3 2MG-AD 0.013 7(0.907 0) 0.014 5(0.904 1) 0.0009(0.976 5)  0.008 6(1.000 0)  0.023 9(0.999 8)
Peduncle length 2MG-EA 0.004 4(0.946 8) 0.005 8(0.9393)  0.002 1(0.963 2) 0.017 5(0.998 8)  0.032 4(0.981 8)
OMG 0.007 2(0.932 3) 0.000 1(0.9902)  0.142 1(0.1421)  0.023 0(0.9932)  0.029 9(0.992 5)

T AT NOBERAE

Note: Data in brackets are probability.
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Table 5 Estimation of genetic parameters for floral quantitative traits

TR Traits 171 Model da db ha hb Omg’ hue'/%
1t .12 Flower diameter 2MG-EA 0.31 - - - 0.35 98.79
AE M4 Petal count 2MG-AD 3.40 0.05 -2.13 0.08 - -
T 5% Stamen count 2MG-AD 9.72 4.98 -3.72 -2.45 64.28 92.00
IS %Y Pistil count 2MG-A 0.03 0.14 - - - -
161 K S Peduncle length 2MG-AD 0.54 0.45 0.72 0.11 0.133 24.34

W rdadb. TEH A T B FIINTERN s hashb. EFZEH A 1B HRAIERN 0, FFERTT 2 s hy" FIERIAL 3“7 FORZ AL RUNAE R

SRR RIS I B A A BT 3 TR

Note: da, db. Additive effect of major gene A and B; ha, hb. Dominant effect of major gene A and B; .,,. Major gene variance; h.,’. Heritability of

major gene. “=” indicates that the genetic effect was not detected, calculated or made no significant contribution under a specific model.
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