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Abstract; A number of Magnolia ( Magnoliaceae) species bloom twice each year, instead of once in most other species

in this family, which is a desirable ornamental trait. To investigate the molecular mechanism of the flower bud
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differentiation during the second bloom each year in these Magnolia species, quantitative real-time PCR (qRT-PCR) is
frequently used as a sensitive gene expression technique that relies on the stability of reference genes for data
normalization. In order to screen the identification of reference gene(s) suitable for molecular characterization of flower
bud differentiation stages during second bloom of M. liliflora ‘ Hongyuanbao’ , in this study , leaf and flower bud tissues
of M. liliflora ‘ Hongyuanbao’ at different flower bud differentiation stages were used as materials. Based on
transcriptomic sequencing data, eight constitutively expressed genes, including UBC ( ubiquitin-conjugating enzyme ) ,
ACT (actin) , B-TUB (tubulin beta) , B-TUB5 (tubulin beta) , a-TUB3 (tubulin alpha) , PEPC ( phosphoenolpyruvate
carboxylase) , ACP2 (acyl carrier protein 2), ACP3 (acyl carrier protein 3), were selected as candidate reference
genes for qRT-PCR. Primer Premier 5 was used to design the primers. PCR products of all the eight candidate reference
genes were analyzed by gel electrophoresis which showed sharp bands with the expected size. Comprehensively analysis
was conducted using four softwares including geNorm, NormFinder, BestKeeper and RefFinder to evaluate its expression
stability, and its reliability was verified by expression analysis of the target gene TFL1. The resulis were as follows: (1)
Each melting curve was a single peak, which indicated the high specificity of PCR primers. (2) B-TUB, B-TUBS5 and a-
TUB3 were the most stable reference genes, whereas UBC and ACT were the lest stable. (3) The relative expressions of
B-TUBS5, a-TUB3, B-TUB and their combinations showed highly consistent results, while ACT and UBC did not
effectively standardize the expression level of TFL1.Therefore, B-TUBS, a-TUB3 and B-TUB can be identified as the
most suitable reference genes for qRT-PCR analysis of gene expression in flower bud differentiation during the second

bloom of M. liliflora ‘ Hongyuanbao’ . This study provides useful references for investigating the regulatory mechanisms in
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Magnolia species flowering.
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M. Marker; 28S. 28S rRNA; 18S. 18S rRNA; 5S. 53 rRNA;
F1-F6. Flower buds at six stages of the second bloom bud
differentiation; L1-L6. Leaves at six stages of the second bloom

bud differentiation.
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Fig. 1 Agarose gel analysis of total RNA extracted from

Magnolia liliflora ‘ Hongyuanbao’
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M. Marker; 1. UBC; 2. ACT; 3. B-TUB; 4. B-TUBS; 5. a-
TUB3; 6. PEPC; 1. ACP2; 8. ACP3.

K2 8 ML S AN PCR &4 1)
Fig. 2 PCR amplification products of
eight candidate reference genes
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Table 1  Primers and amplicon characteristics of eight candidate reference genes
; . RE 3 25l %% KH ¥
AL R o loth Amplifoton afcency  Comelaton sl

(bp) (%) (")

UBC F_TAACAACGGCAAACCCAG 109 94.30 0.983
R_GCAGTCGAATGCCTAATC

ACT F_AGTCCAGCACAATACCAG 128 108.85 0.988
R_CAAGGCTAATCGTGAGAA

B-TUB F_CCCGTCTCCACTTCTTCA 121 91.99 0.993

R_CACATCATATTCTTAGCATCCC

B-TUBS F_ATCAGTTCCGCTCCTTCA 81 103.80 0.995
R_GCCCGATAACTTCGTCTT

a-TUB3 F_CTGGCTTGGGTTCTTTAC 100 97.80 0.993
R_GCCGTTGATACCTGTGGG

PEPC F_GGGCATTGTAAGGGAGGC 121 101.09 0.996
R_ATGCGGGCAGGAATGAGT

ACP2 F_GCAGCAGTGGGTAAGCAA 95 92.34 0.997
R_GAGCGTGAACCAGAATAT

ACP3 F_CATAACAAGCTCCACCCT 141 99.08 0.995

F_ACCAGCTCCGATCATCTA
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Fig. 3 Melting curve of eight candidate reference genes
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Fig. 4 Ct values of eight candidate reference genes
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Fig. 6 Pairwise variation value (V_, . ) of candidate

reference gene analyzed by GeNorm
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Table 2 Stability sequencing of candidate reference gene

22O HE
PRSI AT
. Norm Best Ref Compre-
Candidate GeNorm . . .
Finder ~ Keeper  Finder  hensive
reference .
ranking
UBC 1.137 0.910 1.08 5.66 7
ACT 1.021 0.847 2.15 7.24 8
B-1UB 0.598 0.496 1.55 3.13 3
B-TUB5 0.598 0.308 1.61 2.30 2
a-TUB3 0.718 0.214 1.46 1.97 1
PEPC 0.910 0.509 1.36 4.95 6
ACP2 0.843 0.562 1.04 3.66 5
ACP3 0.781 0.451 1.15 3.22 4

TE 2L e E° AR AL %8 43 4k B Bt , GeNorm |
NormFinder F1 BestKeeper X {4345 1Y 8 4~ & 3
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( Jasminum sambac) ( 557 T 4%, 2020) A1 % 3 9
(Amana edulis) (TR EEE,2021) NEHLH NS
PR RN, 3 AN BOE A B B9 R E MR A A
[, At , GeNorm . NormFinder 01 BestKeeper A
SR ES R B 22 S A ) B b Ol A TR (R R A
2016) , TEARWF 5T H, GeNorm I NormFinder 43 Ht
ZE K] «-TUB3 .B-TUBS Fl B-TUB ¥4 & T &,
UBC Tl ACT %2 7€ PE 81 ; 1T BestKeeper 5 [ — &
ZERA—3, AN ACP2 Il UBC Fa s M ,ACT
FRE PRI . & M T 45 R A 22 S i I 2 3 4
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l:l H— KA /ERTY Early stage of the first flower bud differentiation
AL 4L ] Middle stage of the first flower bud differentiation
NN 46— KL 4L 5 ] Late stage of the first flower bud differentiation
AL ERTI Early stage of the second flower bud differentiation
8t E B A/ Middle stage of the second flower bud differentiation
m 5 RAE 0B Late stage of the second flower bud differentiation

FX} Fik B Relative expression
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53 9 2 5L H Candidate reference gene

A. TFL1 FEAEZE T RYAR XS R IA 1 5 B. TFL1 fEM A AR Rk i,
A. Relative expression of TFL1 in flower buds; B. Relative expression of TFL1 in leaves; 1. UBC; 2. ACT; 3. B-TUB; 4. B-TUBS ; 5. -TUB3;;

6. PEPC; 7. ACP2; 8. ACP3; 9. B-TUB, B-TUBS, o-TUB3.
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2.0

F—UAEZF /LTI Early stage of the first flower bud differentiation
] 55— WAE 24 4E 18] Middle stage of the first flower bud differentiation
NN 4B IKAEH 3 Late stage of the first flower bud differentiation
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]
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Fig. 7 Relative expression of TFLI in flower bud differentiation using different reference genes or combinations
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