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Development progress of flower bud of different cultivars of Prunus mume and expression
characteristics of flowering and house-keeping genes in flower bud CHEN Zheng, DONG Tianyu,
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Abstract: Taking early-flowering cultivar ‘ Fenhong Zhusha’ and ‘ Danzhuang Gongfen’, middle-
flowering cultivar ‘ Dan Fen’ and ‘ Han Hong’ , and late-flowering cultivar ‘ Nanjing Hong’ and
*Wantiao Zhi’ of Prunus mume Sieb. et Zucc. as research objects, their vertical and horizontal
diameters, external morphology, longitudinal section structure, and scale cracking ratio of flower bud
during their development progress were measured and observed, meanwhile changes in relative expression
levels of flowering gene pm-FD3, pm-AP2 and pm-LFY, and house-keeping gene S3a, homol, hsc,
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somX2, FRIGIDA-like and Subunit37e in flower bud were analyzed by using RT-qPCR technology. The
observation result shows that vertical and horizontal diameters of flower bud of six cultivars of P. mume
tested show a tendency to increase with development of flower bud in general, and grow fast in early
development stage of flower bud, flower bud growth rate of early-flowering cultivars is the fastest, while
that of late-flowering cultivars is slower. Among six cultivars, scale cracking ratio of flower bud of cultivar
‘Fenhong Zhusha’ is the largest, which exceeds 50% on January 16, 2018, while that of other five
cultivars is lower than 50% before January 24, 2018; in general, that of early-flowering cultivars is the
highest, while that of late-flowering cultivars is the lowest. According to each development index of flower
bud, flowering dates of cultivar ‘ Fenhong Zhusha’ , ‘ Danzhuang Gongfen’ , ‘Dan Fen’ , ‘Han Hong’ ,
‘ Nanjing Hong’ and ‘ Wantiao Zhi’ are January 16, February 11, February 15, February 23, February
28 and March 4 in 2018, respectively. The RT-qPCR analysis result shows that expression characteristics
and relative expression levels of flowering and house-keeping genes are evidently different during
development progress of flower bud of P. mume. In which, pm-LFY and Subunit37e genes continuously
express during development progress of flower bud of six cultivars, while pm-FD and FRIGIDA-like genes
only continuously express during development progress of flower bud of middle- and late-flowering
cultivars, and other genes all discontinuously express; the highest expression dates of flowering and
house-keeping genes of early-flowering cultivars are earlier than those of middle- and late-flowering
cultivars in general, and their interval days to flowering date are evidently shorter than those of late-
flowering cultivars; in addition, the highest expression dates of some flowering and house-keeping genes
are identical or similar. The comprehensive analysis result shows that structure and external morphology
change of flower bud and high expression characteristics of flowering and some house-keeping genes all
correspond to the date of flowering period during development progress of flower bud of P. mume; “early
flowering” characteristics of early-flowering cultivars are associated with fast initiation of some genes, and
analysis on relative expression levels of flowering and house-keeping genes in flower bud can help to
predict flowering period of P. mume.

Key words: Prunus mume Sieb. et Zucc.; flowering period; development of flower bud; morphology
characteristics; gene expression; flowering period prediction
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Table 1 Primer sequences used for RT-qPCR reaction of flowering and house-keeping genes in flower bud of Prunus mume Sieb. et Zucc.

e e ERAFA(s ) RIS 3

Gene Accession number Sequence of forward primer (5'—3") Sequence of reverse primer (5'—3")
pm—FD LOC103332330 AGGCTTTGGCAGAGAACGTA AGTCCGAAACCCAACCTCTT
pm—AP2 LOC103342180 GGGCTTGTTTGATACCGAGA AATTGCCCAAACTCAAATCG
pm~LFY LOC103338154 GACCTACGAGGCATGGTTGT TCGCTGCCGTGTAGTATCTG

S3a LOC103318616 CAGATTGGCAAAACCCTTGT CCTCAGCTTGTCAGTGGTGA
homol LOC103342159 TGTGAAAAGGGAGGATGAGG CAGCTCGGGCAATTAGAGTC

hsc LOC103323174 GTCACTGTCCCGGCATACTT AACATCGAAAGTGCCACCTC
somX2 LOC103328328 GAAGTTAGCGAACCCCATGA CCTGATACCGAAGGATCGAA
FRIGIDA-like LOC103324196 GAGCTCTCGGACCACTTCAC GTTGTCGTCCACCTCTCCAT

Subunit37e LOC103339635

EF-1a"

CAGGACCAGGGACAACAACT
CCCTCCGACTACCACTTCAG

CCTTGTCGTTGGTGATTGTG

GCATCTCAACAGACTTAACTTCAG

D 23K Reference gene.
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—@—: Y\4% Vertical diameter; —O—: ## 1% Horizontal diameter. A-P. HIl] Date (CCYY-MM-DD): A. 2017-11-20; B. 2017-11-24;

C. 2017-11-28; D. 2017-12-02; E. 2017-12-06; F. 2017-12-10; G. 2017-12-14; H. 2017-12-18; 1. 2017-12-22; J. 2017-12-26;
K. 2017-12-30; L. 2018-01-03; M. 2018-01-07; N. 2018-01-11; O. 2018-01-15; P. 2018-01-19.

a: ‘MELARAD’  Fenhong Zhusha’ ; b: ‘ ¥RAME#} ¢ Danzhuang Gongfen’ ; c:

Hong’ 5 f: ‘BEBkAL’ ¢ Wantiao Zhi’ .

CYRHMY ‘Dan Fen’ ; d: ‘FEZL’ ‘Han Hong’ ; e: ‘B ZL° ¢ Nanjing

B 1 il 6 MERMRMEFAENERNTL

Fig. 1 Changes in vertical and horizontal diameters of flower bud of six cultivars of Prunus mume Sieb. et Zucc. tested
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a: ‘BIZLAEAD’ ¢ Fenhong Zhusha’ ; b: ‘IRALE W’ ¢ Danzhuang Gongfen’ ; c:

Hong’ ; f; ‘ MRBkAL” ¢ Wantiao Zhi’ .

‘YRH¥ ‘Dan Fen’ ; d: ‘EZL’ ‘ Han Hong’ ; e: ‘P 4141’ ‘ Nanjing

A-P. HIH Date (CCYY-MM-DD) . A. 2017-11-20; B. 2017-11-24; C. 2017-11-28; D. 2017-12-02; E. 2017-12-06; F. 2017-12-10;
G. 2017-12-14; H. 2017-12-18; 1. 2017-12-22; J. 2017-12-26; K. 2017-12-30; L. 2018-01-03; M. 2018-01-07; N. 2018-01-11;

0. 2018-01-15; P. 2018-01-19.
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Fig. 2 Changes in external morphology of flower bud of six cultivars of Prunus mume Sieb. et Zucc. tested

a: ‘BIEZLAAD’ ¢ Fenhong Zhusha’ ; b: ‘¥RAMEH’ ¢ Danzhuang Gongfen’ ; ¢: ‘{R%¥)’ ‘Dan Fen’; d: ‘JEZL° ‘ Han Hong’ ; e: ‘B 5L4L° ‘ Nanjing

Hong’ ; f; ‘HEBKAL < Wantiao Zhi’ .

A-P. HH] Date (CCYY-MM-DD) . A. 2017-11-20; B. 2017-11-24; C. 2017-11-28; D. 2017-12-02; E. 2017-12-06; F. 2017-12-10;
G. 2017-12-14; H. 2017-12-18; 1. 2017-12-22; J. 2017-12-26; K. 2017-12-30; L. 2018-01-03; M. 2018-01-07; N. 2018-01-11;

0. 2018-01-15; P. 2018-01-19.
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Fig. 3 Changes in structure of longitudinal section of flower bud of six cultivars of Prunus mume Sieb. et Zucc. tested
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A-F. HH] Date (CCYY-MM-DD): A. 2018-01-04; B. 2018-01-08;
C. 2018-01-12; D. 2018-01-16; E. 2018-01-20; F. 2018-01-24.

B4 #id 6 MEMAMEFEFARENTUL
Fig. 4 Changes in scale cracking ratio of flower bud of six cultivars
of Prunus mume Sieb. et Zucc. tested
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Table 2 Changes in relative expression level of flowering gene in flower bud of six cultivars of Prunus mume Sieb. et Zucc. tested

IE H P pm—-FD S H BIAHXT #1558 Relative expression level of pm-FD gene at different dates®

an
Cultivar') 4 B C D E F G H I J K L M N 0 P
a 0.000 1.000 0.000 0.000 0.000 0.000 0.000 0.001 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
b 0.000 0.000 0.000 0.000 1.000 0.000 0.001 0.000 0.000 0.001 0.000 0.000 0.000 0.000 0.000 0.000
c 0.007 0.027 0.021 0.002 0.009 0.011 1.000 0.247 0.522 0.003 0.004 0.002 0.005 0.005 0.005 0.003
d 0.010 0.007 0.023 0.018 0.000 0.038 1.000 0.624 0.014 0.004 0.007 0.005 0.006 0.020 0.053 0.002
e 0.001 0.001 0.001 0.005 0.131 0.000 0.000 1.000 0.059 0.004 0.001 0.001 0.001 0.000 0.000 0.007
f 0.130 0.141 0.255 1.000 0.215 1.350 0.214 0.214 2.106 0.619 0.609 0.271 0.155 0.437 0.036 0.009
LAY R H D pm-AP2 FEFBIAHXT KI5 E  Relative expression level of pm-AP2 gene at different dates?
Cultivar’ 4 B C D E F G H I J K L M N 0 P
a 0.000 0.007 1.000 0.000 0.000 0.002 0.001 0.000 0.038 0.007 0.006 0.012 0.000 0.021 0.000 0.000
b 0.000 0.000 0.000 0.000 0.251 0.001 1.000 0.001 0.003 0.012 0.000 0.001 0.000 0.000 0.000 0.001
¢ 0.000 0.000 0.000 0.000 0.000 0.000 0.001 0.012 1.000 0.000 0.000 0.001 0.001 0.000 0.000 0.000
d 0.000 0.000 0.000 0.000 0.000 0.035 0.095 1.000 0.009 0.205 0.003 0.006 0.020 0.090 0.002 0.019
e 0.000 0.000 0.000 0.000 0.094 0.001 0.000 0.027 0.059 1.000 0.000 0.000 0.000 0.000 0.000 0.000
f 0.000 0.000 0.000 0.000 0.000 0.002 0.000 0.000 0.001 1.000 0.027 0.000 0.000 0.000 0.000 0.000
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‘ﬁjﬁl) ANFEH Jiﬁz>pm—LFY FLNAUAHNT AT Relative expression level of pm-LFY gene at different dates?
Cultivar") A B C D E F G H 1 J K L M N 0 P
a 1.000 0.031 0.283 0.219 0.000 0.003 0.002 0.016 0.006 0.002 0.002 0.005 0.001 0.000 0.001 0.003
b 0.815 0.062 0.411 0.090 0.072 1.000 0.207 0.182 0.071 0.390 0.049 0.250 0.097 0.035 0.059 0.064
c 0.191 1.000 0.350 0.037 0.009 0.018 0.283 0.073 0.011 0.011 0.009 0.031 0.003 0.001 0.001 0.001
d 0.043 0.002 0.003 0.004 0.012 1.000 0.191 0.175 0.160 0.022 0.005 0.010 0.006 0.053 0.019 0.011
e 0.073 0.022 0.014 0.248 0.017 0.053 0.095 0.082 0.074 1.000 0.008 0.004 0.004 0.006 0.002 0.008
f 0.003 0.079 0.039 0.064 0.036 0.032 0.021 0.100 0.169 1.000 0.005 0.021 0.014 0.013 0.013 0.043
s LAY’ ¢ Fenhong Zhusha’ 3 b IR K ¢ Danzhuang Gongfen’ 5 ¢: ‘{R#)’ “Dan Fen’ ; d: ‘4L’ ‘ Han Hong’ ; e: ‘ F§ALZL’ ‘ Nanjing
Hong’ ; f: ‘BaBkAL” < Wantiao Zhi’ .

D A-P. HIY Date (CCYY-MM-DD) ;

A. 2017-11-20; B. 2017-11-24; C.

2017-11-28; D. 2017-12-02; E. 2017-12-06; F. 2017-12-10;

G. 2017-12-14; H. 2017-12-18; 1. 2017-12-22; J. 2017-12-26; K. 2017-12-30; L. 2018-01-03; M. 2018-01-07; N. 2018-01-11;

0. 2018-01-15; P. 2018-01-19.
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Table 3 Changes in relative expression level of house-keeping gene in flower bud of six cultivars of Prunus mume Sieb. et Zucc. tested

L RRD RIF H P S3a FEF AR F A Relative expression level of S3a gene at different dates 2
Cultivar” 5 B o D E F G H I J K L M N 0 P
a 0.004 1.000 0.014 0.006 0.007 0.111 0.010 0.168 0.010 0.007 0.015 0.005 0.004 0.011 0.002 0.004
b 0.000 0.000 0.000 0.000 1.000 0.000 0.103 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
¢ 0.000 0.001 0.001 0.000 0.003 0.024 0.106 0.947 0.025 1.000 0.002 0.002 0.003 0.001 0.000 0.001
d 0.000 0.000 0.001 0.001 0.003 0.026 0.112 1.000 0.002 0.001 0.001 0.001 0.001 0.002 0.001 0.000
e 0.001 0.001 0.001 0.005 1.000 0.005 0.000 0.009 0.013 0.003 0.003 0.002 0.004 0.009 0.001 0.002
f 0.032 0.043 0.046 0.217 0.190 0.182 0.191 0.072 0.228 0.144 0.156 0.153 1.000 0.439 0.007 0.013
SR AEH ﬁﬁz) homol LR FIAIXT A Relative expression level of homol gene at different dates?
Cultivar") A B C D E F G H 1 J K L M N 0 P
a 0.000 1.000 0.001 0.001 0.000 0.000 0.008 0.058 0.001 0.000 0.001 0.000 0.000 0.001 0.000 0.001
b 0.000 0.000 0.005 0.000139.338 0.034 1.000 0.000 0.000 0.001 0.001 0.001 0.001 0.002 0.003 0.004
c 0.001 0.001 0.002 0.000 0.000 0.016 1.000 0.002 0.020 0.007 0.003 0.000 0.001 0.001 0.001 0.003
d 0.002 0.002 0.004 0.000 0.003 0.033 1.000 0.004 0.001 0.002 0.003 0.001 0.001 0.007 0.006 0.001
e 0.001 0.001 0.001 0.008 0.001 0.000 0.000 1.000 0.001 0.002 0.003 0.001 0.004 0.006 0.002 0.007
f 0.000 0.000 0.000 0.000 0.000 0.002 0.000 0.000 0.001 1.000 0.027 0.000 0.000 0.000 0.000 0.000
uctlzlﬂ'l) AREH %}E‘Z) hse FEAYFEXTFA T Relative expression level of hsc gene at different dates?
Cultivar” 5 B C D E F G H 1 J K L M N 0 p
a 0.184 0.037 0.051 1.000 0.010 0.004 0.002 0.309 0.212 0.123 0.292 0.093 0.330 0.594 0.275 0.543
b 0.000 0.000 0.000 0.000 0.004 0.001 0.098 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 1.000
c 0.001 0.000 1.000 0.000 0.000 0.001 0.006 0.003 0.005 0.001 0.000 0.001 0.003 0.002 0.001 0.001
d 0.047 0.062 0.018 0.059 0.026 1.137 1.000 0.446 0.336 0.132 0.143 0.189 0.194 0.366 0.191 0.201
e 0.000 0.002 0.001 0.001 0.513 0.000 0.000 0.004 0.008 0.004 0.006 0.003 0.001 0.006 0.005 1.000
f 0.013 0.135 0.068 0.080 0.025 0.001 0.789 0.252 0.985 0.431 0.011 0.090 1.000 0.345 0.154 0.108
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4£3&R3 Table 3 ( Continued)

lﬁlﬁ‘l) ENGE ﬂ;ﬁz)somXZ FER BT I Relative expression level of somX2 gene at different dates?
Cultivar") A B C D E F G H 1 J K L M N 0 P
a 0.001 1.000 0.002 0.001 0.001 0.003 0.001 0.007 0.001 0.001 0.002 0.001 0.001 0.003 0.000 0.001
b 0.000 0.000 0.000 0.000 1.000 0.000 0.074 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
c 0.000 0.000 0.001 0.000 0.002 0.005 0.037 0.006 1.000 0.007 0.004 0.003 0.002 0.001 0.001 0.001
d 0.007 0.012 0.017 0.013 0.051 0.130 1.000 0.148 0.094 0.020 0.016 0.021 0.015 0.053 0.019 0.011
e 0.001 0.000 0.000 0.001 0.001 0.000 0.000 0.001 1.000 0.005 0.002 0.001 0.002 0.002 0.001 0.001
f 0.212 0.153 0.145 0.353 0.455 0.182 0.299 1.321 1.104 1.104 1.015 0.434 0.740 1.282 0.051 0.045
;:ﬁ':fdr‘l) AREH ft}i” FRIGIDA-like ZER YARXT FeihE  Relative expression level of FRIGIDA-like gene at different dates?
Cultivar” 5 B C D E F G H 1 J K L M N 0 P
a 0.000 1.000 0.000 0.121 0.365 0.004 0.005 1.114 0.000 0.000 0.077 0.002 0.002 0.001 0.000 0.000
b 0.000 0.000 0.000 0.000 1.000 0.000 0.133 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
c 0.009 0.001 0.024 0.008 0.009 0.696 0.951 0.739 48.230 0.053 0.028 0.628 0.139 0.107 0.044 0.065
d 0.022 0.018 0.009 0.017 0.006 0.703 1.000 0.753 0.112 0.065 0.046 0.082 0.228 0.140 0.038 0.025
e 0.001 0.002 0.001 0.004 0.000 0.021 0.000 0.003 1.000 0.066 0.004 0.001 0.010 0.020 0.008 0.024
f 0.024 0.049 0.024 0.072 0.048 1.000 0.093 0.488 0.014 0.090 0.047 0.017 0.194 0.623 0.007 0.030
AR IE H A Subunit37e FER BIAHXT #155  Relative expression level of Subunit37e gene at different dates”
Cultivar 5 B C D E F G H I J K L M N 0 P
a 0.143 0.027 0.050 0.376 0.121 0.365 0.054 0.040 0.114 0.077 1.000 0.055 0.570 0.246 0.133 0.192
b 0.010 0.452 1.000 0.986 2.188 0.349 0.809 0.115 0.865 0.366 0.761 0.348 2.361 1.230 0.000 4.614
c 0.000 0.003 0.005 0.001 0.003 0.012 0.010 0.004 1.000 0.043 0.021 0.014 0.029 0.078 0.015 0.046
d 0.158 0.040 0.048 0.045 0.086 0.077 1.000 0.029 0.107 0.122 0.078 0.085 0.300 0.007 0.006 0.001
e 0.253 0.091 0.130 0.022 1.088 0.369 0.035 0.014 0.038 0.054 0.159 0.101 0.536 0.425 0.325 0.087
f 0.129 0.123 0.110 0.010 1.000 0.133 0.387 0.007 0.070 0.083 0.128 0.049 0.250 0.427 0.527 0.437

b a. ‘WYL ¢ Fenhong Zhusha’ ; b * WRALEHy ¢ Danzhuang Gongfen’ ; c:
Hong’ ; f; ‘HEBKEL < Wantiao Zhi’ .

2 A-P. H#¥ Date (CCYY-MM-DD): A. 2017-11-20; B. 2017-11-24; C. 2017-11-28; D. 2017-12-02; E. 2017-12-06; F. 2017-12-10;
G. 2017-12-14; H. 2017-12-18; 1. 2017-12-22; J. 2017-12-26; K. 2017-12-30; L. 2018-01-03; M. 2018-01-07; N. 2018-01-11;
0. 2018-01-15; P. 2018-01-19.

“YRMY’ ‘Dan Fen’ ; d: “FEZL’ ‘Han Hong’ ; e: ‘BiH 4L’ ¢ Nanjing
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Table 4 Interval days from date of the highest expression level to flowering date of flowering and house-keeping genes in flower bud of six

cultivars of Prunus mume Sieb. et Zucc. tested

AL TR A e A 3 FTRITTAE B 40094 ] o K

PIRIAEE:
A Interval days from date of the highest expression level to flowering date of each gene Fl . H:f "
Cuhivar OWEHHg ate
pm=FD  pm=-AP2 pm-LFY  S3a  homol  hse  somX2 FRIGIDA-like Subunit37e (CCYY-MM-DD)

WL RHS Fenhong Zhusha 53 49 57 53 53 45 53 29 17 2018-01-16
WRMCE ) Danzhuang Gongfen 67 59 63 67 67 23 67 67 67 2018-02-11
W) Dan Fen 63 55 83 51 63 79 55 55 55 2018-02-15
FE4] Han Hong 71 67 75 67 71 75 71 71 71 2018-02-23
i #T4T Nanjing Hong 72 64 64 84 72 40 68 68 84 2018-02-28
M kAL Wantiao Zhi 72 68 68 56 68 56 76 84 88 2018-03-04
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