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Abstract: [Objective] This study aims to select the most suitable reference genes, which are stably
expressed during the process from the opening to senescence and different tissues in blooming period of
peony cut flowers, and to deeply analyze the function of ACS and ACO genes in ethylene-mediated process
of peony cut flower opening to senescence. [Method] (1) With cultivar ‘Tachuafeixue’ as materials, the
variations of expression levels of 13 candidate internal reference genes at different stages from blooming to
senescence and in different tissues of the full bloom stage in herbaceous peony cut flowers were analyzed by
qRT-PCR. The expression stability of 13 candidate internal reference genes was assessed by ACt and 3
softwares including geNorm, NormFinder, and BestKeeper. The comprehensive rankings of expression
stability of candidate internal reference genes were obtained by online RefFinder analysis. (2) Based on the
selected double internal reference genes, the expression profile of 4CS and ACO, key genes of ethylene
biosynthesis were quantitatively analyzed at different stages from blooming to senescence and in different
tissues of full bloom stage in herbaceous peony cut flowers. [Result] (1) geNorm analysis showed that the
expression stability of GAPDH and RAN3 at different stages was best. NormFinder analysis indicated that
the expression stability of RAN3 was optimal. BestKeeper analysis illustrated that 18S rRNA expression was
the most stable. RefFinder analysis indicated that RAN3 and GAPDH were the best suitable internal
reference genes at different stages. (2) geNorm analysis indicated that the expression of ARF and PP24 in
different tissues had the best expression stability. NormFinder analysis showed that the expression of UBQ
was the most stable. BestKeeper analysis illustrated that GAPDH was best. RefFinder analysis indicated that
UBQ and ARF were the best internal reference genes in different tissues in herbaceous peony cut flowers.
(3) From opening to senescence process of peony cut flowers, the expression of ACS gene was significantly
lower than that of ACO gene, and ACS was the ‘switch’ for the regulation of ethylene synthesis. 4CO mainly
played a role in pre-opening stage of cut flowers (0—12 h). ACS expression played an important role both in
the bloom stage and in the senescence stage (6 h and 144 h), and played a limiting role in ethylene synthesis
during the bloom stage. (4) ACS expression was significantly lower than 4CO in different tissues of peony
cut flowers during blooming period, there was tissue variability in the expression of ACS and ACO, and both
of them were higher in stems and calyxes. [Conclusion] This study screens double internal reference gene
combinations for PCR quantitative expression analysis in different tissues of herbaceous peony cut flowers
at varied periods from opening to senescence (RAN3, GAPDH) and at full bloom (UBQ, ARF). ACO gene, a
key gene of ethylene biosynthesis mainly plays a role in the blooming process, and ACS plays an important
role in both blooming and senescence process in herbaceous peony cut flowers. The finding will provide a
reference for the improvement of cut flower longevity.

Key words: Paeonia lactiflora; internal reference genes; expression stability; blooming; senescence;

ethylene biosynthesis
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Tab. 1 Information for qRT-PCR primers

A ElkZIE] =YK BE fop

18S7RNA F: TCAGCCTTGCGACCATACTCC
113
R: AACCATAAACGATGCCGACCA
Actin] F: AAGCCCAGTCCAAGAGAGGTA

107
R: ATTGTAGAAGGTGTGATGCCA

Actin2 F: TAACCCCAAAGCCAACAGAGAA
140
R: CACCAGAATCCAGCACAATACC

RPL40 F: AATACCTCCTGACCAACA

R: CTCAATAATTCCACCTCG 133
GAPDH  F: TAAAGGGTGGTGCTAAGAAG

R: CAATGTGAAGATCAGGAGTG 103
UBQ F: GACTCTCCATCTGGTCCTCA

R: CCTTCACATTATCAATCGTATC 1
UBQ-L10 F: AAGGCCAAGATCCAGGATAA

R: CGCAAGACAAGGTGAAGAGT 17
ARF F: AGACATTACTTCCAAAACACCC

R: GCATCCCTTAGTTCATCCTCGT 122
EFla F: GCCCTACTGGACTGACCACTGA

R: GGATGCTACATAACCACGCTT 140
PP24 F: GCTGCTCAGTTCAACCACACC

R: GCACTAAATACCGTTACCACAT 3
RAN3 F: AAGAACAGGCAGGTGAAGGCA

R: ACGGGCAAGGTAGAGAAAAGG 120
RPL23 F: GAGCCAAGAACCTTTACATC

R: TTGACAGTTGCCATCACCAT 100
TUA F: AGTCTACCCATCCCCACAAG

R: CAAGGAGAACTGCCACATCA 104
ACS F: TCGGAGCCTGGATGGTTTAG

R: TTGCCAACTTTGTTTCTTCCTT 13
ACO F: GTTCCTCCTATGCGTCATTCCA

118
R: TCCTATTACCATCGGTTTGAGC
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Tab.2 PCR primer sequences and related information for

internal reference genes

B PR CE) PE FHCRD
18S rRNA 1.811 0.999 29
ACT1 1.978 0.999 39
ACT2 1.965 0.999 59
RPL40 1.903 0.999 21
GAPDH 1.954 0.999 27
UBQ 1.926 0.999 25
UBQ-L10 2.037 0.999 14
ARF 1.958 0.999 21
EFla 1.989 0.999 37
PP24 1.981 0.999 26
RAN3 1.994 0.999 27
RPL23 1.931 0.999 25
TUA 1.924 0.999 55

Melting curves of PCR products of 13 candidate internal reference genes
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Tab.3 NormFinder analysis result of expression stability

13 MRS EEFIEEEMR NormFinder

SER

of 13 internal reference genes

VITEIT 0 28 35 22 A TR I 30 RETFHIRARIZH 28
e
Bt M) 4 M 4
18S rRNA 1.204 12 1.311 12
ACT1 0.357 4 0.328 4
ACT2 0.743 10 0.236 2
RPLA4O 0.959 11 0.862 8
GAPDH 0.454 6 0.978 9
UBQ 0.481 7 0.116 1
UBQ-L10 1.699 13 1.903 13
ARF 0.222 3 0333 5
EFla 0.391 5 0.760 7
PP24 0.173 2 0.509 6
RAN3 0.160 1 0.274 3
RPL23 0.504 8 1.205 10
TUA 0.665 9 1.240 11
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Fig. 5 BestKeeper analysis result of expression stability of 13 internal genes

HE#

Tab. 4 Overall ranking of expression stability values of

13 internal reference genes in petals at different times from

opening to senescence

e ACt Bestkeeper NormFinder geNorm RefFinder
18S rRNA 12 1 12 11 9
ACT1 7 6 4 8 7
ACT2 10 11 10 10 11
RPLAO 11 12 11 12 12
GAPDH 4 4 6 1 2
UBQ 6 3 7 3 4
UBQ-L10 13 13 13 13 13
ARF 2 9 3 5 3
EFla 5 5 5 6 6
PP24 3 10 2 7 5
RAN3 1 8 1 1 1
RPL23 8 7 8 4 10
TUA 9 8 9 9 8

T R B A KOF . TR

x5 DBANSEERERECES ARERAHRIRIE
REMLSEHEA
Tab. 5 Overall ranking of expression stability values of
13 internal reference genes in different tissues

HE A ACt Bestkeeper NormFinder geNorm RefFinder

185 rRNA 12 11 12 12 12
ACT1 5 2 4 5 5
ACT2 4 3 2 6 4
RPL40 8 12 8 7 9
GAPDH 9 1 9 9 7
UBQ 1 4 1 4 1
UBQ-L10 13 13 13 13 13
ARF 3 7 5 1 2
EFla 7 8 7 8 8
PP24 6 9 6 1 6
RAN3 2 6 3 3 3
RPL23 10 10 10 10 11
TUA 11 5 11 11 10
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Fig. 6 Relative expression level of ACS and ACO genes at different
developmental stages from blossoming to senescence in herbaceous

peony cut flowers
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Fig. 7 Quantitative expression analysis of ACS and ACO genes in
different tissues during full bloom stages in herbaceous

peony cut flowers
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