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Abstract: The yield and quality of sweetpotato root tubers can be significantly improved by applying paclobutrazol
(PBZ), and sucrose-degrading enzymes play important roles in the development of storage roots of sweetpotato. How-
ever, the physiological and biochemical mechanisms underlying PBZ-regulated storage root development is still unclear,
and especially it remains to be investigated whether sucrose metabolism is involved in the PBZ-regulated development
of storage roots. In this paper, sweetpotato cultivar Kokei 14 was used, a predominant cultivar planting in Hainan. After
applying PBZ treatment in the early stage of cultivation (20-30 d after planting, dap), the following phenotypic pa-
rameters were investigated at 120 dap including the fresh weight of storage root per plant, fresh weight per storage root
and storage root number per plant. To elucidate the physiological and biochemical mechanisms relevant to sucrose me-
tabolism underlying PBZ-regulated storage root development, the following physiological and molecular parameters
were also examined in storage roots at different development stages (30, 60, 90 and 120 dap) including the content of
starch and soluble sugars (glucose, fructose and sucrose), the activities of sucrose-degrading enzymes and expression
levels of the gene families. PBZ increased the yield of sweetpotato by increasing the fresh weight per storage root, but
without affecting storage root number per plant. PBZ increased the content of soluble sugar and starch in storage root.
However, the effect of PBZ on the yield and quality of storage roots only occurred in the early stage (30-60 d after
planting) after treatment, and in the late stage (90-120 d), PBZ treatment had no significant effect on yield and quality.
PBZ treatment significantly increased the activities of sucrose synthase (Sus), cell wall invertase (CWIN) and cyto-
plasmic invertase (CIN). However, PBZ had no significant effects on vacuolar invertase (VIN). As compared to CWIN
and CIN, Sus activity was induced by PBZ treatment much earlier and more dramatic. Sus activity was significantly
induced at 30 dap, whereas the activity of CWIN and CIN were significantly induced at late stage i.e. 60 dap. In other
periods (especially 90-120 d), PBZ treatment had no significant effect on the activities of Sus, CWIN and CIN. The
determination of the expression level of Sus, CWIN and CIN genes showed that IbSus2, 1bSus5-7 and 1bSus9 highly
expressed in storage tuber were all significantly induced by PBZ at 30 dap. IbCIN3, IbCIN7 and IbCIN8 expressed in
storage roots, and IbCWIN2 and IbCWIN4 expressed in storage roots were significantly induced by PBZ at 60 dap.
However, in other periods (especially 90-120 d), PBZ treatment had no significant effect on the expression level of the
relevant genes. It is speculated that the increase of Sus expression and activity under PBZ treatment is earlier and more
dramatic, which can promote the rapid and biosynthesis and accumulation of starch and the rapid expansion of storage
roots, while the subsequent increase of CWIN and CIN expression and activity can increase the content of soluble sugar
in root tubers thus improving the quality of storage roots, and can also provide energy supply for starch biosynthesis and
storage root expansion. The specific members of Sus, CWIN and CIN genes induced by PBZ had also been identified.
Notably, the effects of PBZ on the yield and quality of storage roots, and activities and gene expression levels of su-
cros-degarding enzymes in storage roots mainly occurred in the short period after PBZ treatment. With the extension of
time, the effects of PBZ on the above indicators gradually disappeared. Therefore, in order to improve the yield of
sweetpotato in production, it is necessary to conduct PBZ treatment throughout the entire growth period of sweetpotato.
The above results can provide a theoretical basis for achieving high-quality and high-yield sweetpotato production by
variety breeding or cultivation measures.
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Tab. 1 Sequence information of sucrose-degrading enzymes genes and primer information for qRT-PCR

4B e ER31 (5-3) R (537 b7
Gene name Accession No. Forward primer (5'-3") Reverse primer (5'-3") Amplicon product/bp
IbCWIN1 225102.t1 TACCCGAAGGACTACAACGACC AACATTCTCCCCAATAACCGAA 264
IbCWIN2 255209.t1 TTTCTATCCCGTTTCTGCTGG GGTCGTACGTTCCGATTGTGT 131
IbCWIN4 260985.t1 ATGGCTGTTGGTCGGGTTCT TCTCCTGGGCTGGACTCATC 183
IbCIN3 £8522.t1 GGAGAATCGTGACTGGCTGTG CTTCCGAGTTTCCCGTCATAG 199
IbCIN4 gl3714.t1 ACTGAGTGAAATGTCCGTTGG GAGTTGCGGGTGGAAGAAA 108
IbCIN7 223246.t1 TCTCTGAATAGGGAGGAGGGGA CCAACTGGGCTGTCACAATACC 140
IbCIN8 225759.t1 GAATGGATGCCGAATAAAGGA CCGTGGCAAGACTGCTGACTA 115
IbCIN9 234021.t1 CGTCCTTAGCAACTCCTGAAC CACCCTGTTACAATACGCCAC 139
IbCIN10 g41626.t1 CTCACATGGATTTTCGGTTTTTC CCAGTTATTATTCGCCAGTCTTC 187
IbCIN11 g41717.t1 AGCACGACGAAGAAAGTAGGG TCGAGTTGGCATGAAATCAAA 215
IbSus2 £5497.t1 CATACCTCTTTCACCTTGCCAG TCAGTGTACCGATGTGCTCATC 208
IbSus5 g31210.t1 TTATCATCACCAGCACTTTCCA GTCAGCCTCTTCTCCTTCTCAG 202
IbSus6 255056.t1 ATGTTGTCATTCTTTCCCCCC CGCTTAATCATCTCACGCTCC 127
IbSus7 255074.t1 GTTCACCAATACAAGGGCAAG GGGTTGGAGGGTCGTTAGATA 111
IbSus9 260893 .t1 ATAGCCTCCGTGAGCGTCTT ATCCCCGAGTTTTTCCTTGT 164

e BFESUR A HE I 41 M ¥ https://ipomoea-genome.org/o

Note: Accession No. comes from the genome database of sweetpotato: https://ipomoea-genome.org/.
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* indicate significant difference between paclobutrazol treatment and control (P<0.05), ** indicate extremely significant
difference between paclobutrazol treatment and control (P<0.01).
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Fig. 2 Dynamic changes of soluble sugar and starch content in storage roots of paclobutrazol treatment
group and control group
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Fig. 3 Dynamic changes in activities of sucrose-degrading enzymes in storage roots of paclobutrazol-treated
group and control group
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Fig. 4 Differences in expression levels of CWIN and CIN genes in storage roots between paclobutrazol
treated group and control group
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Fig. 5 Differences in expression levels of Sus genes in storage roots between paclobutrazol treated group and control group
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