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Screening and validation of reference genes during fruit development in pitaya

CHONG Hui —ying WEN Xiao — peng”
( Key Laboratory of Plant Resource Conservation and Germplasm Innovation in Mountainous Region( Ministry of

Education) Institute of Agro — bioengineering/ College of Life Sciences Guizhou University Guiyang 550025 China)

Abstract  Objective To identify appropriate reference genes during fruit development of pitaya. Method Using pulps from
four developmental stages as materials expression of 17 widely used reference genes was detected by qRT — PCR and reliable
reference gene were recommended by geNorm and NormFinder. Result YLS8 and ACT were determined as the most stable
genes by geNorm and were suitable to be used as internal control for qRT — PCR the expression stability was 0. 221 and the
pairwise variation V,,; was 0. 105; TBP2 and YLS8 were determined as the most stable genes by NormFinder expression stabili—
ty values were 0. 160 and 0. 191 respectively. To validate the stability of screened out reference genes expression of HpCytP450
— likel an important gene in betalain biosynthesis was calibrated by YLS8 or TBP2. The expression trends were constant which
indicated stability of YLS8 and TBP2 in pulps during development. Conclusion Two ideal reference genes YLSS and TBP2
were screened out from 17 candidate genes to calibrate expression of genes during fruit development of pitaya.

Keywords: pitaya reference genes; qRT — PCR; geNorm software; NormFinder software
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Tab.1 Sequences of the primers for reference gene identification in pitaya
(‘bp)
Gene GenBank 1D Product size Amplification R?
Annotation Primer sequences
number ( bp) efficiency
TATA - box — binding F - ATAAAGGAAGGGAGGGAGAC
TBP2 MF356277 223 2.002 .993
protein 2 R - ATGATTACAGCAGCGAAACG
F - GCGGCAGACCACCTACAACTC
ACT MF356257 Actin -7 276 1.973 .000
R - GCGGATTCATCGTATTCACCC
F - GCGGCTACTACCACCACCAAA
DNJH MF356263 Dna] protein homolog 313 1.982 .997
R - CCCGAAGAGCGATAACACCAG
Glyceraldehyde — 3 — phosphate ~ F — GCCAAGTCTTAGAGCCAAATGAAC
G3P MF356269 344 1.999 .998
dehydrogenase R - CGATGAGCAGAATAAAGCAGGAG
Ubiquitin — conjugating F - GGCGGGTCTCATTGTTCTCATTC
UBC MF356282 161 1.982 .999
enzyme E2 - 17 kDa R - CGGCTTTGTCTTTCCGATACTTTT
F - GGCACTATCGTGTTCGGGTTT
GUN25 MF356266 Endoglucanase 25 171 1.990 .995
R - GCTCGGCAAGAATCCTCGTAA
Peptidyl — prolyl cis — trans F - TCAACAACCTGACCGAACACG
CYP | MF356271 498 1.972 .997
isomerase 1 R - GCAAGAGGAGGAGCAAACCAA
DEAD - box ATP — dependent ~ F - GGTAAAAGCGTGGGTGAGGATA
RH1 MF362594 413 1.988 .999
RNA helicase 2 R - GCTTGGGTGATGGTAAGAGTGTC
Thiore doxin — like F - GCTCGGTTATGTCCACAAGGTA
YLS8 MF356278 138 1.986 .999
protein YLS8 R - CGGAAGAAGAGCGTCTCGTTA
Polypyrimidine tract — binding ~ F - AGCGACTTTGGCAACAGAGGC
PTBPI MF356284 256 1.981 .998
protein homolog 1 R - CCGTGTGAACCCGACAGCATT
Serine /threonine — protein
F - GCCTTGCTTCCCTTCCACTC
2AAG MF356276 phosphatase 2A 65 kDa regulatory 307 1.963 .998
R - GGCTCCTGTCTTGGGCTCTG
subunit A gamma isoform
F - CCCCCGTCTCCACTTCTTCA
TBB MF356281 Tubulin beta chain 210 1.993 .998
R - GTCTGCTCGTCCACCTCCTTG
F - GCACCGACCTCCTCATAATCC
TBA3 MF356280 Tubulin alpha -3 chain 313 2.002 .998
R - CCACCATCAAGACCAAGCGTA
Putative 40S F — GACACTGATTCTCCTTTGCGTTAT
Q8H313 MF356273 191 1.981 .996
ribosomal protein R - CCTTTGGTCTCCTCTGGCTCT
Vacuolar fusion protein F - ACACCACCGCCACCAGTTTCT
Q9SKNI ~ MF356283 267 1.997 .996
MON1 homolog R - GCACCCTAAGCCGTCCGATAA
F — box/kelch — repeat F - GTCCGCAATGTTCCGTCTTTA
FKI111 MF356268 196 1.991 .999
protein At5gl5710 R - GGCATACTCGGCAATGTCCT
RNA - dependent RNA F - GCTTTTCGTCGCTCTTTCCTC
RDRVI MF356275 473 1.986 .999

polymerase 6

R - GCTTCTTTAGTCGGCACCTCC
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Fig.1 RNA extraction in pitaya

Note: HI H2 H3 H4 and Bl B2 B3 B4 respectively were Hylocereus polyrhizus and Hylocereus undatus which were four stages of fruit development.
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Fig.2 PCR products of 17 reference genes in pitaya
Note: M: DI2000 Marker; 1: TBP2;2:ACT;3: DNJH;4: G3P;5: UBC;6: GUN25;7: FKI111;8: CYP 1;9: RH1I;10: YLSS; 11: PTBPI; 12: RDRVI;
13:2AAG; 14: TBB; 15: TBA3; 16: Q8H313; 17: Q9SKNI .



2019

42
2.3 PCR 3) qRT - PCR
17 ( .
Melt Peak Melt Peak Melt Peak
9000 i 14 F= e
10 4 12 . .
= ACT & DNJH
<8 : S 10 .
£ 6 £ 8
= = ¢
24 2
i~ = 4 H
152, T 2 \
[ VR P TN : - 0 0L-F . .
65 70 75 80 85 90 95 65 70 75 80 85 90 95 65 70 75 80 85 90 95
Temperature,Celsius Temperature,Celsius Temperature,Celsius
Melt Peak Melt Peak Melt Peak
10 : 10 Sirt ]
€4l G3P T4 GUN2S g2 RHI
= = 10} : 1
5 61 : : A £ % 61 % 8% 5 g = ]
g # - E‘t E 76 SR . . . Gah . B
T2 R & \ T2 4 S ] \ : ]
0 0 s 0Ly
65 70 75 80 85 90 95 95 65 70 75 80 85 920 95
Temperature,Celsius Temperature,Celsius Temperature,Celsius
Melt Peak Melt Peak Melt Peak
p 9000 TR S T T
10 . 10
UBC =
o~ 8 5 S 8
a =
6 59
= =
= 3 =]
T *
0 : 0 e
65 70 75 80 85 90 95 65 70 75 80 85 90 95 65 70 75 80 85 90 95
Temperature,Celsius Temperature,Celsius Temperature,Celsius
Melt Peak Melt Peak Melt Peak
d 12 IS
10 12 :
o =10 =
S 8 EE=) 2 10 L RDRVI
% 61 E 6 5 s : i g
E . | é E 6t h :
£ g g 4 : B
T2 T2 b 245 g 3 \
0 B d 0 R 0
65 70 75 80 95 65 70 75 80 85 90 95 65 70 75 80 85 90 95
Temperature,Celsius Temperature,Celsius Temperature,Celsius
Melt Peak Melt Peak
........... 14
10 10 .
g gt i ypeg b A g ke ‘EIO
=" — = 8
£ ¢ 0 =
54 Sy S}
& =S 4
T2 T2 T2
0 0 0 - ;
65 70 75 80 85 90 95 65 70 75 80 85 90 95
Temperature,Celsius Temperature,Celsius Temperature,Celsius
Melt Peak Melt Peak
1267 S S P S PP R R S P s
12
. _lo H
Z10 P Q9SKN1 :
= S 8t ier o 4 THESUERRNSS
8
[} =}
= 26
=6 =
= S .
Z S TN NN TR NS —" £ :
¢ - E—— . —
65 70 75 80 85 90 95 65 70 75 80 85 90 95
Temperature,Celsius Temperature,Celsius
3 17 qRT - PCR

Fig.3 qRT - PCR melting curves of 17 reference genes in pitaya
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Fig.6 Gene expression stability of the 17 candidate genes as predicted by NormFinder in pitaya
2
Tab.2 Evaluation of candidate reference genes in pitaya
GeNorm Normfinder
Reference M
Ranking
genes M value Ranking Stability value Ranking
ACT 0.221 1 0.284 4 2
YLS8 0.221 1 0.191 2 1
TBP2 0.294 2 0. 160 1 1
DNJH 0.320 3 0.205 3 3
2AAG 0.403 4 0.284 4 4
RHI 0.463 5 0.338 7 5
PTBPI 0.493 6 0.331 6 5
FKI111 0.537 7 0.434 8 7
Q9SKNI 0.571 8 0.302 5 6
Q8H3I3 0.603 9 0.465 10 8
UBC 0. 642 10 0.452 9 8
RDRVI 0.684 11 0.552 12 9
CYP | 0.723 12 0.515 11 9
G3P 0.772 13 0. 696 14 10
TBA3 0.825 14 0. 669 13 10
TBB 0.905 15 0.970 15 11
GUN25 0.996 16 1.086 16 12
RNA N cDNA N
3 PCR ’ PCR
PCR PCR
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Fig.7 PCR products of YLSS( left) and TBP2( right) in pitaya
Note: M: DL2000 Marker; HI H2 H3 H4 and Bl B2 B3 B4 respectively were Hylocereus polyrhizus and Hylocereus undatus which were four stages

of fruit development.
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Fig.8 Expression level of Hpcytp450 — likel in
different developmental stages of pitaya
Note: H1 H2 H3 H4 and Bl B2 B3 B4 respectively were Hylo—
cereus polyrhizus and Hylocereus undatus which were four stages of

fruit development.

GeNorm
NormFinder
o 17
M 0.221 ~0.996 1.5
V,; 0.105<0.15 2
o 2

geNorm+ NormFinder

14 -15
o

. 16-17
Actin

o

YLSS  TBP2 HpCytP450 — likel
- HpCytP450 — likel

HpCytP450 — likel

YLSS  TBP2

geNorm  NormFinder

2 YLSS  TBP2. 2

1 Annapaula Giulietti Lut Overbergh Dirk Valckx et al. An overview
of real — time quantitative PCR: applications to quantify cytokine
gene expression J . Methods 2001 25(4): 386 —401.

2 . UQT  18S rRNA

J. 2015 32(2): 023 -026.

3 Rui Ma Sheng Xu Yucheng Zhao et al. Selection and validation of
appropriate reference genes for quantitative real — time PCR analy—
sis of gene expression in lycoris aurea J . Frontiers In Plant Sci-

ence 2016 7: 536. DOI: 10.3389/fpls. 2016. 00536.
( 56 )



56

2019

J . Analytical Biochemistry 2019 566: 37 -39.

1 Michon C Langella P Eijsink Vincent et al. Display of recombi— 13 Furmanek Blaszk B. Phenotypic and molecular characteristics of
nant proteins at the surface of lactic acid bacteria: strategies and an Aeromonas hydrophila sirain isolated from the River Nile J .
applications J Microbial Cell Factories 2016 15( 1) :70. Microbiological Research 2014 169(7 -8) : 547 -552.

2 ) ] . 14 Guglielmetti S Mora D Parini C. Small rolling circle plasmids in

2008 21:219 —222 Bacillus subtilis and related species: Organization distribution

3 and their possible role in host physiology J . Plasmid 2007 57

J. 2017 29(4) : 476 — 480. (3) - 245 -2064.
4 Xi XD Fan J Hou Y et al. Characterization of three cryptic plas— 15 Lovett P‘S‘ Bramucci MG. Plasn'ud deoxyribonucleic acid 1n. Bacil-
mids from Lactobacillus plantarum G63 that was isolated from Chi- lus subtilis and Bacillus pumilus ] . Journal “of Bacteriology
1975 124( 1) : 484 —490.
nese pickle J . Plasmid 2013 70( 3) : 321 —328. (D
5 16 Guglielmetti S Mora D Manachini PL et al. Genetic relationship
among Bacillus licheniformis rolling — circle — replicating plasmids
I 2017 44(5): 1047 & i . phieating prasmie
1055 and complete nucleotide sequence of pBL63. 1 an atypical repli—

6 B ’ con J . Plasmid 2005 54(2):93 -103.

17 Wilfried J. ] Meijer G.Bea A Wisman Peter Terpstra et al. Roll-

I 2017 57(12) : 1908 - 1923. ing — circle plasmids from Bacillus subtilis: complete nucleotide

7 I sequences and analyses of genes of pTA1015 pTA1040 pTA1050

2015 3(11) : 251 -255. and pTA1060 and comparisons with related plasmids from Gram

8 ’ — positive bacteria J . Fems Microbiology Reviews 1998 21
I 2016 26(2): 158 -162. (4) 1337 - 368.

9 Del Solar G Moscoso M Espinosa M. Rolling circle — replicating 18 XQ Zhao KH Park YY Jin et al. Isolation and characterization of
plasmids from gram — positive and gram — negative bacteria: a wall a new vy — polyglutamic acid producer Bacillus mesentericus
falls J . Mol Microbiol 1993 8(5): 789 -796. MJM1 from Korean domestic Chungkukjang bean paste J . Mi-

10 Josson K Soetaert P Michiels F et al. Lactobacillus hilgardii plas— crobiol Biotechnol 2005 15(1) 159 —65.

mid pLAB1000 consists functional cassettes commonly found in 19  Hara T Nagatomo S Ogata S et al. Molecular structure of the rep—
other gram — positive organisms J . Journal of Bacteriology lication origin of a Bacillus subtilis( natto) plasmid pUHL J .
1990 172( 6) : 3089 —3099. Appl Environ Microbiol 1991 57(6) : 1838 - 1841.

11 Pan Q Cong YG Hou R et al. Purification and characterization of 20 Horinouchi S Weisblum B. Nucleotide sequence and functional
glyceraldehyde — 3 — phosphate dehydrogenase from Lactobacillus map of pC194 a plasmid that specifies inducible chloramphenicol
acidophilus J . J Immun 2009 25 (4) :461 —464. resistance ] . Bacteriol 1982 150 (2) : 815 -825.

12 Yao F Xu XY Pan Q . A modified method for plasmid extraction 21 . - J.
from Lactobacillus plantarum contained lysozyme removal step 2017 38(9) :81.

45 ) graveolens) at different development stages J . Frontiers In Plant

4 J . 2015 (4): 6-10. Science 2016 7(313) . DOL: 10. 3389 /fpls. 2016. 00313.

5 seNormNormFinder ~ BestKeep— 11 Florence Postollec Hélene Falentin Sonia Pavan et al. Recent ad-
or ] vances in quantitative PCR ( ¢PCR) applications in food microbi—
2017 (5): 278 —281. ology J . Food Microbiology 2011 28(5) : 848 -861.

6 Menv Cheng Zijuan Huang Qingzhu Hua et al. The WRKY tran— 12 Jian Sang Zhennan Wang Man Li et al. ICG: a wiki - driven

o . L knowledgebase of internal control genes for RT — qPCR normaliza—
scription factor hpwrky44 regulates cytp450 — likel expression in red
) o ) ) tion J . Nucleic Acids Research 2017 46( D1) : D121 - D126.
pitaya fruit ( Hylocereus polyrhizus) J . Horticulture Research
13 Asad Maroufi Erik Van Bockstaele Marc De Loose. Validation of
2017 4: 17039. DOI: 10. 1038 /hortres. 2017. 39. . . . o
reference genes for gene expression analysis in chicory ( Cichorium
7 Christian Ramakers Jan M Ruijter Ronald H. Lekanne Deprez et . . Lo . ) )
) ) o ) intybus) using quantitative real — time PCR J . BMC Molecular
al. Assumption — free analysis of quantitative real — time polymerase Biology 2010 11( 1) : 15. DOL: 10. 1186 /1471 =2199 — 11 — 15.
chain reaction ( PCR) data J . Neuroscience Letters 2003 339 14 PCR
(1): 62 -66. Il 2014 (12): 1903 —1911.
8 PCR 15 : PCR
I 2018 45(5): 919 I 2015 (9): 1457 - 1464.
-930. 16 Qingzhu Hua Chengjie Chen Zhe Chen et al. Transcriptomic anal—

9 Stephen A Bustin Vladimir Benes Jeremy A Garson et al. The miqe ysis reveals key genes related to betalain biosynthesis in pulp color—
guidelines: minimum information for publication of quantitative real — ation of Hylocereus polyrhizus J . Front Plant Sci 2016 6(499) :
time PCR experiments J . Clinical Chemistry 2009 55(4) :611 —622. 1179. DOIL: 10. 3389 /fpls. 2015.01179.

10 Mengyao Li Feng Wang Qian Jiang et al. Validation and compari— 17 MYB

son of reference genes for qPCR normalization of celery ( Apium J. 2017 8(2): 153 -158.



