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Effects of different bud dormancy breaking treatments on winter bud

germination of Shine Muscat grape
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Abstract: [ Objective ] This study aims to find an ideal and effective bud dormancy break method for Shine
Muscat grapes and to explore the gene express level of bud dormancy break by using H>CN; and ‘lime
sulfur mixture+ACC’.[ Methods 1By using the winter buds of 'Shine Muscat' grapes as material, we studied
the effects of different bud dormancy breaking treatments in the endodormancy stage and paradormancy
stage on germination rate, flowering rate and inflorescence quality, and screened the possible effects on
grape winter buds through transcriptome sequencing, and the key genes that may affect grape winter bud
germination were screened through transcriptome sequencing. [ Results] The winter buds on the isolated
branches of the Shine Muscat grape in the endodormancy stage were treated with cyanamide (T1) and ‘lime
sulfur mixture + ACC’ (T2) at one month before germination stage. The results showed that the T1
treatment sprouted earliest, followed by the T2 treatment, and finally the CK group. The overall
germination speed of each treatment showed a trend of slow first and then fast. In terms of germination rate,

the germination rate of T2 treatment was the highest at 85.80%, followed by T1 treatment and CK group,
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with germination rates of 81.48% and 66.05% respectively. And the germination rates after T1 treatment
and T2 treatment were significantly higher than those of the CK group. The growth and development
dynamics of winter buds on isolated branches were observed, and it was found that the winter buds treated
with T1 and T2 all grew 2 to 3 new leaves on March 21, 2022. T1 treatment sprouts the earliest, T1 and T2
sprout more neatly; In the Control group, 2 to 3 new leaves were grown on April 2, 2022, and the growth
was relatively slow and the sprouts were irregular. In August 2022, cyanamide treatment (H2CN», T1) and
‘lime sulfur mixture + ACC’ treatment (T2) was carried out on the winter buds of Shine Muscat grapes in
the paradormancy stage, the results showed that the T1 treatment sprouted earliest, followed by the CK
group, and T2 treatment. The germination speed of among each treatment showed a trend of first slow and
then fast as well. The germination rate of T2 treatment was the highest, which was 69.70%, followed by T1
treatment and CK group, with germination rates of 65.66% and 41.41% respectively. The germination rate
of T1 and T2 treatment was significantly higher than that of the CK group. In February 2023, by treating
the winter buds of Shine Muscat grapes in the endodormancy stage with cyanamide (T1) and ‘lime sulfur
mixture + ACC’ (T2), The results showed that the T2 treatment had the highest germination rate of 97.22%,
followed by the T1 treatment and CK group, with the germination rates of 96.43% and 76.19% respectively.
From 25 days post treatment to the end of counts, the germination rate of T1 and T2 treatments shows
significantly higher level than the CK group. There is no significant difference in the inflorescence rate
under T1 and T2 treatments compared with the CK group. At the same time, and the length of inflorescence
was not influenced as well; The growth status of the branches was observed, and the results showed that,
compared with the CK group, the leaves grew fastest after the T1 treatment on April 3, 2023, followed by
the T2 treatment. On April 29, 2023, the leaf growth rate, leaf size, and internode length after T1 and T2
treatments had no significant impact compared with the CK group. Six samples in the endodormancy stage
(winter buds were collected at 24 h and 72 h after CK group, T1 treatment, and T2 treatment) and six
samples in the paradormancy stage (CK group, T1 treatment, and T2 treatment were collected at 24 h and
72 h after winter bud) for transcriptome analysis, a total of 4399 differentially expressed genes were
obtained by using [log2fold changes|>1, FDR <<0.01 as the filtering parameters, 4399 significantly different
genes (DEGs) can be divided into 8 clustering groups. Among all the DEGs, in W-CK-72 samples and
W-HC-72 samples of the endodormancy stage samples, 10 genes were annotated as transcription factor
coding genes, which were all related to bud germination. There transcription factors of them were
up-regulated and 7 transcription factors were up-regulated. In addition, 10 genes were annotated as being
involved in the biosynthesis or signal transduction processes of hormones such as auxin, gibberellins,
abscisic acid, and brassinosteroids; Five gene were related to the ABA signaling pathway, among them,
PYL4 and PP2C25 genes shows up-regulated expression, while PP2C24, PP2C8 and PP2C37 genes have
down-regulated expression; The SAPK2 gene which related to the Snrk2 family was down regulated
expression; The remaining differential genes screened are related to oxidative stress, glutathione
S-transferase, etc. These candidate genes may affect grape bud germination by participating in hormone
signaling, oxidative stress and other pathways. [ Conclusion]The mixed solution of ‘lime sulfur + ACC” is
a safe and effective agent for breaking the bud dormancy of 'Shine Muscat' grapes. Genes such as hormone

signaling and oxidative stress may respond to the dormancy release process.
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Table 1 Breaking dormancy treatment of winter buds in

detached branches during endodormancy stage
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Table 2 Status of samples sent for testing
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Treatment (@ UEL=D) Name of sample Treatment ChE ) Name of sample
Date of sampling Date of sampling
(after processing) (after processing)
CK Oh W-CK-0 CK Oh S-CK-0
CK 24 h W-CK-24 CK 24 h S-CK-24
CK 72h W-CK-72 CK 72h S-CK-72
Tl 24 h W-HC-24 Tl 24 h S-HC-24
Tl 72 h W-HC-72 Tl 72 h S-HC-72
T2 24 h W-ACC-24 T2 24 h S-ACC-24

T2 72 h W-ACC-72 T2 72h S-ACC-72
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A. Comparison of germination rates at different time points after different dormancy-breaking treatments for winter buds of



isolated branches in the internal dormancy stage; B. Comparison of germination rates at different time points after different
dormancy-breaking treatments for winter buds in class dormancy stage; C. Comparison of germination rates at different time
points after different dormancy-breaking treatments for winter buds in the internal dormancy stage; Asterisks “*” indicate a

significant difference between the two (p<<0.05) . “ns” indicates that there is no significant difference between the two.
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Fig. 1 Different breaking dormancy treatments at different periods of dormant stages of
Shine Muscat grape winter bud germination rate comparison
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Fig. 2 Dynamic map of representative bud development of Shine Muscat grape treated with
different breaking dormancy treatments
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A-C. state of branches at germination after CK, T1 and T2 treatments (April 3, 2023), the five representative branches are a
group; D-F. Pre-flowering state of branches after CK, T1 and T2 treatments (April 29, 2023), a typical branch is represented.
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Fig. 3 Growth status of Shine Muscat grape branches treated with different breaking dormancy

treatments
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A. Comparison of flowering rate of winter buds at endodormant stage within different dormancy breaking treatments at
different periods of time (April 28, 2023); B. Effects of different dormant breaker treatments on inflorescence length inShine
Muscatgrapes during the endodormancy stage (April 28, 2023); Length of primary inflorescence: <3 cm; Length of secondary

inflorescence: 3-10 cm; Length of tertiary inflorescences: >10 cm.
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Fig. 4 The effect of different dormant breaking agents on the flower formation of Shine Muscat grape
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Table 3 Sequencing data statistics

FE 21T 4 Clean Data Clean Data /& JREAE>30 FIBREERT X B2 B RIZH 1) Reads 1 H K AE
GC &&
] pair-end Reads /& % B3 I L Clean Reads 1 /5 {1 43 Ll
GC Content/%

Samples Clean reads Clean bases >Q30/% Mapped Reads/%
S-ACC-24 19 660 592 5 885287322 47.02% 94.68% 34032669 (86.55%)
S-ACC-72 24 317 732 7279 063 052 47.01% 95.03% 42031824 (86.42%)

S-CK-0 24 443 483 7 315 405 780 46.79% 94.92% 42399364 (86.73%)

S-CK-24 20 285 727 6072 872 052 47.12% 95.03% 35067 880 (86.43%)

S-CK-72 19999 122 5987578 370 46.88% 95.09% 34730332 (86.83%)

S-HC-24 20 085 597 6012439 936 46.67% 94.96% 35978 055  (89.56%)

S-HC-72 21245 632 6359 799 698 47.43% 95.32% 37000 056 (87.08%)
W-ACC-24 22 053 492 6 600 951 608 46.31% 94.58% 37934294 (86.01%)
W-ACC-72 22983 903 6 876 720 830 47.50% 95.46% 40315932 (87.70%)

W-CK-0 20 664 079 6185916 612 45.93% 94.21% 36 587320 (88.53%)
W-CK-24 20 255 830 6 063 390 850 46.65% 94.92% 34 507 028 (85.18%)
W-CK-72 24 043 851 7 196 458 108 47.28% 94.76% 41278 536 (85.84%)
W-HC-24 23 857 734 7 141 020 722 46.07% 94.79% 40 671417 (85.24%)




W-HC-72 26 531972 7940 293 774 45.72% 94.74% 48238 630  (90.91%)
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Fig. 5 Venn Map of the number of genes expressed in grape winter buds at different times for

different treatments
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Table 4 Differential expression genes related to dormancy

W-CK-72 vs_
RS W-ACC-72  W-CK-72 W-HC-72 ik
W-HC-72
Gene ID (FPKM) (FPKM) (FPKM) Description
logFC
ethylene-responsive
VIT 18s0089g0103
16.096 42 221.443 512 14.871 614 —4.075 849 656 transcription
0
factor ERF023-like
ethylene-responsive
VIT 18s0001g1015
25.380707  181.451263 24.903 498 =3.044 206 696 transcription
0
factor ERFO11-like
VIT_18s0001g0985
95.736 549 448.962 006 69.399 773 —2.873 525 827 transcription factor MYB44
0
VIT 05500490102
12.105 489 22.771 122 134.747 925 2.384 43577 MYB-related protein MYB4
0
ethylene-responsive
VIT_07s0005g0082 205.472
17.746 599 470.972 809 4.548 570 103 transcription
0 626
factor ERF073
VIT _11s0016g0130
68.304 054  529.510 193 53.680 5 —3.481 606 611 transcription factor TT2
0
VIT 115001620394 heat stress transcription
6.620 32 85.222 687 2.3641 17 —5.344 165 637
0 factor C-1
VIT 10s0003g0177 heat stress transcription
9.960 817 16.779 918 71.531 156 2.589 336 047
0 factor A-4a
VIT 08s0007g0825 Nuclear transcription
66.528 664  141.121 414 38.006 241 -2.072 382 106
0 factor Y
VIT 04s0008g0111 heat shock factor protein
37.966 908 66.158 081 19.188 953 -1.964 110 333
0 HSF30
VIT 06500610121
10.915 986 12.974 057 61.613 895 2.066 367 069 GABA transporter 1
0
VIT 075019120007 serine/threonine-protein
38.000 809 66.263 977 18.271 461 -2.038 371 337

0

kinase SAPK?2
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VIT 155004820286 auxin-responsive protein
58.062 737  153.309 433 16.139 681 =3.427 064 905

0 SAUR32
VIT_08s0058g0047
12.304 12 5.885 877 49.325 424 2.886 364 183 abscisic acid receptor PYL4
0
VIT 13s0067g0127 probable protein phosphatase
5.175 064 2.889 816 60.523 064 4.206 064 047
0 2C25
VIT 065000420546 probable protein phosphatase
85.074 593  171.045 654 14.743 216 —3.715938 958
0 2C24
VIT 165005020268 probable protein phosphatase
46.599 277 77.593 636 7.859 811 —3.479 700 952
0 2C8

VIT_13s0019g0220
60.448 475  155.026 443 34.034 561 —2.367 060 854 protein phosphatase 2C 37

0
VIT_18s0001g1069
26.255377  122.197 327 13.528 647 -3.353 083 726 BRI kinase inhibitor 1
0
VIT 095000220070 dormancy-associated protein
94.735909  410.549 347 29.799 694 -3.961 123 921
0 homolog 3
VIT 14s0060g0172 730.039 dormancy-associated protein
3733.714 844  355.246 216 -3.573 613 53
0 734 homolog 3
VIT 105000320009 925.583 auxin-repressed 12.5 kDa
5714.664 062  487.998474  -3.729 586 286
0 313 protein-like
VIT 18s0001g1325 408.120
230913666 1263362793  2.271 520 396 thioredoxin H-type-like
0 209
VIT_ 045002320270 102.136
119.764 008 25.723 745 =2.399 097 345 thioredoxin H-type 2

0 169

VIT 08500400304
36.746822  32.391224  1937.169067  5.721268928  glutathione S-transferase L3

0
VIT 165010020034 calcium-dependent protein
99.968 591  220.4837 01 48.622 46 —2.357 203 041
0 kinase 26
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