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Abstract: [Objective] In order to provide a theoretical reference for the regulation and the further
study of the flower bud differentiation mechanism of grape, the flower bud differentiation process of
Shine Muscat grape and the physiological changes and relative gene expression in fruit growth stage
were studied. [Methods] 4-year-old Shine Muscat grape trees were used as the materials. During the
growing season, twenty winter buds at the fifth node of the new shoots were randomly collected every
three days from the five leaves separating stage with three repeats. The dissection of the lamella of win-

ter buds was performed by hand under stereomicroscope to observe the morphological changes of the
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flower bud differentiation process. The differentiation stages of each bud were counted and recorded.
The flower bud differentiation of Shine Muscat was divided into six stages, namely leaf bud stage, flat
top stage, dichotomy stage, anlagen differentiation stage, inflorescence primordium differentiation stage
and inflorescence branching axis differentiation stage. Each differentiation stage was determined accord-
ing to the flower bud differentiation stage of over 75% of the sampled winter buds. After the inflores-
cence primordium differentiation stage, the samplings were carried out every 20 days until the fruit har-
vest. Phenological periods were recorded for each flower bud differentiation stages and sampling days
after the inflorescence primordium differentiation stage. Meanwhile, twenty winter buds were collected
to determine the expression of nine key flowering genes WVWFT, VvSOCI, VVLFY, VvAPI, VvFUL,
VvAP2, VvAP3, VvAG and VvFLC, five leaves at the fifth node of the branch were sampled for the deter-
mination of total soluble sugar, starch, mineral elements N, P, K, Ca and Mg contents with three repeats.
[Results] The results showed that the flower bud differentiation of Shine Muscat winter buds started at
the sixth leaf separating stage, and entered the anlagen differentiation stage at the full-blooming stage,
then entered inflorescence primordium differentiation stage at the end of flowering stage. The content
of N in the leaves maintained at 2.5-3.0 g kg from the leaf bud stage to the inflorescence primordium
differentiation stage, and then reached the lowest value at the stage of 20 days after inflorescence pri-
mordium differentiation. The changes of P, K, Ca and Mg content in the leaves were the same, these ele-
ments decreased at the beginning of morphological differentiation, and then increased twice. The first
peak was found at the inflorescence primordium differentiation stage for P and Mg and at the stage of
40 days after inflorescence primordium differentiation for K, and the second peak was found at the
stage of 100 days after inflorescence primordium differentiation for P, K and Mg. The content of Ca in
the leaves showed an overall upward trend, with a low content at the leaf bud stage and flat top stage, a
significant rise at dichotomy stage, and two peaks appeared at the stage of 40 and 100 days after the in-
florescence primordium differentiation. Overall, the contents of P, K, Ca and Mg in the leaves decreased
significantly at the stage of 60 days after the inflorescence primordium differentiation. The flower induc-
tion genes VvFT and VvSOCI were highly expressed during the flower buds differentiation induction
stage. The expression of the V'vFT reached the first peak at the flat top stage and the second peak at the
stage of 20 days after the inflorescence primordium differentiation. The expression of the V'vSOCI was
significantly up-regulated at the flat-top stage and reached the peak at the dichotomy stage, but kept a
low level after the stage of 40 days after the inflorescence primordium differentiation. The expression of
the VWLFY, VvAPI and VvFUL were all at a low level during the early stages of flower bud differentia-
tion. The expression of the VvLFY reached a peak at the stage of 80 days after the inflorescence primor-
dium differentiation. The expression of the VvAPI increased from the stage of inflorescence primordi-
um differentiation, and reached the highest level at the stage of 20 and 100 days after the inflorescence
primordium differentiation. The expression level of the VvFUL increased at the stage of the inflores-
cence primordium differentiation, and reached the highest level at the stage of 80 days after the inflores-
cence primordium differentiation. The expression of the V'vAP2 reached the highest level at the inflores-
cence primordium differentiation stage, and showed a significant upward trend from the stage of 40 to
100 days after the inflorescence primordium differentiation. During the flower bud differentiation, the
expression trends of the VvAP3 and VvAG were consistent, the expressions of the V'vAP3 and /AG
were down-regulated at the beginning of the flower bud differentiation, and reached highest level at the
stage of 80 days after the inflorescence primordium differentiation. The expression level of the VvFLC

was significantly lower from the inflorescence primordium differentiation stage to the stage of 40 days
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after the inflorescence primordium differentiation, but exhibited a relatively high level during the stages
of 60 to 100 days after the inflorescence primordium differentiation. [Conclusion] The flower bud dif-
ferentiation process of Shine Muscat grape was earlier in Nanning. More organic nutrition and main
mineral elements were demanded during the inflorescence branching axis differentiation stage. In pro-
duction, during the stage of before and after the enlargement and softening of Shine Muscat grapes, ap-
propriate supplements of phosphorus, potassium, calcium and magnesium fertilizers are important to
promote fruit development and normal differentiation of inflorescence branching axis. The VvFT and
JvSOC1 were involved in the induction of primordium and inflorescence primordium differentiation.
The WLFY, VvAPI, VwFUL, VvAP2, VvAP3 and VvAG may be involved in the inflorescence primordi-
um differentiation and further differentiation of development of branching axis. The high expression of
the VvFLC may inhibit the expression of flower induction genes, during inflorescence branching axis
differentiation stage.
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Table 1 Sequence of primers

R LTS3 AT 3
Gene name Forward primer (5’-3") Reverse primer (5”-3")

ACTIN GATTCTGGTGATGGTGTGAGT GACAATTTCCCGTTCAGCAGT
WFT GTGTTAGCCTAAACCAAGCT ACGATTCATTAAGACCGAAAC
mwSocCl1 GTCCATGCTCAGCAACACTG GCAGGGCAATTTACATCAT
WLFY TCACGGTGAGTAGGCTTCTG GGCGTGACTCTTCTTCATCC
VvAP1 CACATGGAGCAAGGAGGAAT TCACCCAAGTAGATATCAAATCAG
VvFUL AGTCCCAATACCCTCATGCCACC GGGGCATTAAAGACTTGGCTGAC
VvAP2 AGCCCCACCATACCATGTAA CCTCTTCATATCCCCCAACA
VvAP3 CAGGCAAACAATCATCCAGA AACCTCCCGCTGTCAAGTTA
WAG TGTGGGGATGATCTAGTGCC GACCTATGCCCATCAACAAAGA
VWFLC AGTGGAAGGCCAAGTGTTTG TACAGCTCCTGCTTGATTCG
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1. Leaf bud stage; 2. Flat top stage; 3. Dichotomy stage; 4. Anlagen differentiation stage; 5. Inflorescence primordium differentiation stage; 6. Stage
of 20 days after inflorescence primordium differentiation; 7. Stage of 40 days after inflorescence primordium differentiation; 8. Stage of 60 days after
inflorescence primordium differentiation; 9. Stage of 80 days after inflorescence primordium differentiation; 10. Stage of 100 days after inflorescence
primordium differentiation. (1) Stage of 5 leaves spread; (2) Stage of 6 leaves spread; (3) Flower spikes segregation stage; (4) Flower full-bloom
stage; (5) Flowering ending stage; (6) Young fruit stage; (7) Fruit enlargement stage; (8) Fruit softening stage; (9) Fruit ripening stage; (10) Fruit har-
vest period. A. Apex; AL. Anlagen; AP. Inflorescence primordium; BP. Branching primordium.
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Fig. 1 The morphology structure of winter bud differentiation of Shine Muscat grape

in each sampling period and its corresponding phenological period
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*2 PAAKREABESREFHNEFEF S UM RS HENAIEE
Table 2 The differentiation stage of winter buds of Shine Muscat grape in each sampling

period and its corresponding phenological period

KFERLIX TEZE LR B /L]
Sampling batch Difterentiation stage Phenological period of sampling
1 2 HA Leaf bud stage BiAE S A B Stage of S leaves spread
2 “F-T5 4] Flat top stage B 6 Fr B Stage of 6 leaves spread
3 3 f& ] Dichotomy stage 1EH85) B Flower spikes segregation stage
4 U5 IR FE 5L Anlagen differentiation stage AL HA Flower full-bloom stage
5 167 55 73 AL #H Inflorescence primordium differentiation stage ARIEHA Flowering ending stage
6 e B 15 20 d 4R
Stage of 20 days after inflorescence primordium differentiation Young fruit stage
7 T EIE S5 40 d FS9 N
Stage of 40 days after inflorescence primordium differentiation Fruit enlargement stage
8 e L 1 60 d RSB
Stage of 60 days after inflorescence primordium differentiation Fruit softening stage
9 e I 3 80 d RS R A
Stage of 80 days after inflorescence primordium differentiation Fruit ripening stage
10 e LS 15 100 d SR
Stage of 100 days after inflorescence primordium differentiation Fruit harvest period
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1. Leaf bud stage; 2. Flat top stage; 3. Dichotomy stage; 4. Anlagen differentiation stage; 5. Inflorescence primordium differentiation stage; 6. stage
of 20 days after Inflorescence primordium differentiation; 7. stage of 40 days after Inflorescence primordium differentiation; 8. stage of 60 days after
Inflorescence primordium differentiation; 9. stage of 80 days after Inflorescence primordium differentiation; 10.stage of 100 days after Inflorescence

primordium differentiation; Different small letters indicate significant difference at p <<0.05. The same below.
2 PRAERABEFAFOUIET TR SREIENNEE

Fig. 2 The total soluble sugar and starch content during flower bud differentiation of Shine Muscat grape
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Fig. 3 The total N, P, K, Ca and Mg content during flower bud differentiation of Shine Muscat grape
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