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Abstract As an essential method for clonal propagation of the valuable timber species Fraxinus mandshurica
tissue culture is hindered by physiological aging of explants due to age-related effects, which significantly
reduces tissue culture efficiency and severely restricts the rapid clonal propagation and widespread application
of superior F. mandshurica varieties. Currently, there are no reports on overcoming the age effect through
rejuvenation to improve tissue culture efficiency in forest trees. This study investigated the effects of different
rejuvenation treatments on growth performance and tissue culture regeneration of 4-year-old F. mandshurica

plants. The results showed that after trunk cutting + shading treatment, the height and diameter of new shoots
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decreased by 37.50% and 42.90%, respectively, while the number of new shoots and stem segment explants
increased by 2.6-fold and 2.8-fold, which significantly enhanced tissue culture regeneration capacity. The
initiation rate of stem segment explants, new shoot differentiation rate, and propagation coefficient of the shoots
under treatment all increased compared to the untreated control (CK). The highest initiation rate reached
82.42% , which was 3.26 times as high as that of the CK (25.30%). The differentiation rate increased from
9.90% to 61.11%. The propagation coefficient increased from 0 to 6.00. Further investigation into the
mechanism by which rejuvenation measures overcome the age effect was conducted through the analysis of
physiological and biochemical indicators and related gene expression changes. It was found that after
rejuvenation treatment, sucrose and soluble sugar content significantly decreased by 23.17% and 46.24%,
while the content of auxin (IAA) and cytokinin (CTK) significantly increased by 70.01% and 57.22%,
respectively. Based on the trend of miRI56A/C gene expression downregulating with plant maturation,
transcriptional analysis of the miR156-SPL-AP2/ERFs-ASAl gene pathway further revealed that after trunk
cutting + shading treatment, the expression levels of rejuvenation and bud regeneration-related genes
FmmiR156A, FmmiR156C, and FmASAI increased by 10.01, 13.53, and 12.58 times compared to CK, while
the expression levels of FmSPL2 and FmSPL9 decreased by 93.05% and 88.30% compared to CK. These
findings indicated that the above indicators may be key factors promoting rejuvenation in F. mandshurica,
thereby improving the tissue culture regeneration efficiency of explants. This study provided practical methods
for addressing the age effect and improving tissue culture propagation capacity in F. mandshurica and other

forest trees species, offering technical support for the large-scale propagation and promotion of superior varieties

and new cultivars of F. mandshurica.
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Table 1 The membership function analysis of the regeneration capacity indicators of Fraxinus mandshurica tissue cul-

ture under different rejuvenation treatments

UNGIFEUL IS SME IR 3% 2o SR BB g
. . . S . - . s rR U He
Different rejuvenation Explant initia-  Differentiation Number of Propagation D Rankin
treatments tion rate/% rate/% differentiated buds coefficient ankng
‘éjﬂﬁﬂﬁﬁﬂ . 82.42 61.11 5.67 6.00 0.99 1
Trunk cuttingtshading
IR A
i TM}} . 82.59 63.33 6.33 6.63 0.76 2
Three cycles of rejuvenation
e . 74.03 44.44 433 423 0.76 3
Trunk cutting
b
. 2T . 85.74 25.56 1.33 3.77 0.63 4
Stem layering for shoot regeneration
TR Ve
2K 70.37 55.56 4.67 5.87 0.61 5
Two cycles of rejuvenation
SR Ve
3£ 1 U\ . 56.30 34.44 2.67 4.43 0.41 6
One cycle of rejuvenation
b
*C%(IE 25.30 9.90 1.33 0 0.09 7

TE T oK A B B h &R R i B E MR R RT ST, BT SR G TN, 8 (18],

Note: A comprehensive evaluation was conducted based on the importance of various indicators in the tissue culture propagation of Fraxinus

mandshurica, with reference to [ 18].
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Fig.3 Bud activation state of Fraxinus mandshurica under different rejuvenation treatments
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Fig.4 Status of bud differentiation of Fraxinus mandshurica under different rejuvenation treatments
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