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MH310440. % #1385 547 R A, %5 3 @81/ FF 235 A9 4E (open reading frame, ORF), x> 41
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Isolation of a-Tubulin CpTUA Gene from Cucurbita pepo and
It’s Application as An Internal Standard
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Abstract The study was to obtain the a-tubulin gene of zucchini and design the qRT-PCR primers. A
1 863 bp cDNA was obtained by transcriptome sequencing and RT-PCR. This gene was named CpTUA and the
GenBank accession was MH310440. Bioinformatics analysis results indicated that the sequence contained
a size of 1 353 bp open reading frame (ORF) encoding 450 amino acids, with a theoretical molecular weight of
49.57 kDa and a protein isoelectric point (PI) of 4.84. Motif Scan analysis showed that CpTUA protein had the Tubu-

lin and Tubulin-C domains of conserved actin in the position of 49—246 and 248—393 sites, respectively. Homol-
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ogy analysis revealed that CpTUA shared 99% identity with the homologous proteins from Cucurbita moschata and Cu-

curbita maxima which were also belong to Cucumber the same as Cucurbita pepo, proving that it was highly conservative.

A pair of gqRT-PCR primers were then derived from the CpTUA gene sequence which had the high specificity and repeat-
ability. The RT-PCR and qRT-PCR indicated that the CpTUA gene was stable expression in different tissues and under dif-

ferent stress treatments, so it was suitable as a reference gene for the analysis of gene expression patterns in zucchini. The

present study has provided an important reference for analysis the expression of critical genes zucchini.
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Fig.1 PCR amplified product of a-fubulin gene in zucchini
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181 cagatctetgtitoticttoticattccoogticotaagocaaaATEACACACTCCATTTCAATCCACATTCE TCACGCCOETATCCACE
1 MRECTIGSTIHTIG QAG®SGTIOQYV
271 TCGGAAATGCCTGCTGEEAGCTTTACTECCTCGAACACGGTATTCAGCCCGATEGCCAAATGCCAGGCGACACCACTACTGETGEAGGCE
17 6 NACWELVYCLEHGEEIQPDGQMPGEDTTTTGTGTGD
361 ATGATGCTTTCAACACCTTTTTCAGTGAAACTGGTGCEGEAAAGCATETTCCTCETGCEETTTTTG TC6ATCTTGAACCTACAGTTATTG
47 D AFNTTFFSETOGAGEKEHYPRAYVYFVYDLETPTTVTITD
451 ATGAGETGAGGACTGEAACTTACCGTCAGCTCTTCCACCCTGAACAACTCATCAGTGGCAAGGAAGATGCCGCCAACAACTTTGCCCE TG
7 EVRTOGTYRQLFHPEAQLTISS®GEEDAANNTEARGE
941 GTCACTACACCGTTGEEAAGGAAATTGTTGATCTCTECTTGEACCCAATCOGCAAGCTAGCTEATAACTGCACTGGTCTTCAAGGATTCC
07 HYTV 6 EKETIVDILTCLDRTIBRETLADNTCTTGILUGQGTFL
631 TTGT6TTCAACGCTGTT6GTC6TG6TACTGECTCT66TCTT66CTCCCTCCTTTTGEAGCCTTTATCG6TTGACTATGGAAAGAAATCCA
137 VFNAV G666 E&TGES 6¢LE&SLLLERLTSYDTYSGEGEEKTE KT SEK
T21 AGCTTEG6TTCACTGTTTACCCCTCCCCACAAGTCTCAACCTCTGTTG TTGAGCCATACAACAGTG TCCTCTCAACCCATTCCCTICTTGE
67 L 6 FTVYVPSPQVS3STSVVEPYNSVLSTHSTLTLE
811 AACACACCGATGTCGCTGTCCTCCTTGACAATGAAGCCATTTACGATATCTGCAGGCGCTCCCTTGACATTGAGCGACCCAACTACTCCA
197 HTDVAVLLDNEATIYDTICRRGSLDTIETRPNTYS SN
901 ACCTCAACCGCCTGGTETCTCAGGTTATTTCATCTTTAACTGCCAGTTTGAGGTTCGATGGTECCCTGAATGTGEGATCTECAACGAATTCC
227 L NRL V 8 QVISSLTASLZBERFPFDGALNYDTYVNETFDQQ
991 AGACCAACTT6GTCCCATACCCCAGAATCCACTTCATGCTTTCCTCATATGCACCAGTGATCTCAGCCCAGAAGECTTACCATGAGCAGC
237 T NLVPYPRTIHPFMLGSSYAPVISAET KA AYHEHT QL
1 081 TCTCAGTGGCTGAGATCACCAACAGTECCTTCCAGCCATC6TCTATGATGGTTAAGTGTGACCCCCEACATGEAAAGTACATGECTTGCT
2817 S VA EITNGSAFEPSSMMYV ECDPRHGEKTYMATCTC
1 171 GTCTGATGTACCGTGETGATGTT6TGCCAAAGGACETGAATCCTGCTGTTGCTACCATCAAGACCAAGCGTACCATCCAGTTTETTGACT
317 L MYRGDVYPEKDVNAAVYATTIEKTIEKRTTIQFPFYVYDUW
1 261 GGTGCCCCACTGGGTTCAAGTGTGGCTATCAACTACCAGCCACCAACTGTTETCCCTGGAGGCEATCTTGCCCEEGTTCAGAGGECTGTCT
347 CPT 6 FECGEGE I NYQPPTVYVPGGEDLARYQRAVCEC
1 351 GCAAGATCTCTAACTCAACCAGCGTTGCTGAGGTCTICTCCCGAATTGACCACAAGTTTGATCTCAT6TATGCCAAGCECECCTTCGTEC
37 K I 5 NS TS VAEVFSRIDHEKETPFDLMYAEKRAFVH
1 441 ATTGGTATGTCGGTCAGCGGTATGGAGGAAGGAGAGTTCTCTGAAGCCCCAGAGGATCTTGCTGCCCTCGAGAAGGATTATGAAGAAGTCG
407 W Y V6 EG6GMEETGETFSEARETVDLAALET KDTYTETETVE
1 531 GTﬂCTGAGT(EG(ﬂﬂﬁﬂGGTGAGGALEATEAAEGﬁBﬂAﬂﬂCTATEEE%ﬂatgatgatatgccagatctctcctcattgttaggagtgggt
437 A E S AE G EDDETGETDY *
1 621 tatgtctgtcccccttcgtatgttigetgetatettitgtetgttatgtttttttttecttatcatgaaatgttatectgtgataattgtite

11711 ttttgt: tctattattctcattttaatcaatttzccattttattaatggcttgttattttgctotattgtttttta

1 801 atctaaagatttttatctgagtctt tgctctottotttit ttaat

HOTHE N LIRS I T (ATG)FIZ IS T (TAA) . B 5 R BliE A& k.

The initiation codon (ATG) and termination codon (TAA) were labeled by box. The asterisk indicated the translation was terminated.

E2 CpTUARFEEKFIIREBEILFT

Fig.2 Full sequence and corresponding amino acid sequence of CpTUA gene
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224 CpTUA%K & Ji 69 B R pbaf Ae b fb 5547 X
5 I #g INCpTUAZE 5] 4 19 1) 21 8 BT [A) 98 44 7
Bra Wy (B 4), LM F K CpTUARERH 55 1 b [E 7
JN(Cucurbita moschata, XP_022922758.1). EIfE
F4 )X (Cucurbita maxima, XP_022984449.1). 7K
(Cucumis sativus, XP_004150268.1). HZ= (Rosa
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XP_022922758.1
XP_022984449.1
XP_004150268.1

XP_024162918.1
XP_002275973.1

Cucurbita moschata Cucurbita maxima

B3 CpTUAKHREIRER=REMTM
Fig.3 Prediction of tertiary structure of CpTUA and it’s homologous protein

Cucurbita pepo
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Fig.4 Multiple sequence alignment of CpTUA with other homologous sequences
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Cucumis sativus, XP 004150268.1
_: A Cucurbita pepo, CpTUA

Cucurbita moschata, XP 022922758.1
—L Cucurbita maxima, XP 022984449.1
Sesamum indicum, XP 011098608.1
— Theobroma cacao, EOX 91809.1

L Zea mays, NP 001167663.1
Hevea brasiliensis, XP 021676836.1

Jatropha curcas, XP 012093180.1
—:Gossypium hirsutum, NP 001314413.1
Durio zibethinus, XP 022725729.1
Prunus persica, XP 007199840.1

Rosa chinensis, XP 024162918.1
_:Ziziphus Jjujuba, XP 015879449.1
Rocinus communis, XP 002522104.1
Parasponia andersonii, PON40505.1

El5 CpTUASER1SHEMFEIRE B2 FiEt i
Fig.5 Phylogenetic tree of zucchini CpTUA and it’s 15 homologous proteins from other plants

M 1

2000 bp —pp
1000bp __y,
750 bp —p»
500bp —pp
250 bp —P
<4—180bp
100 bp —»

M: DL 20005 F45ic; 1: 514D /D24 44 5 Bk o
M: DL 2000 marker; 1: fragment of primer D1/D2 amplification.

El6 5/¥D1/D2 PCRY /4]
Fig.6  PCR amplified product of primer D1/D2

Amplification plot

0 2 4 6 810121416 182022242628 3032 3436384042
Cycl
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E7 514ID1/D23 1k
Fig.7 The amplification curves of primer D1/D2
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Fig.8 The melting curves of primer D1/D2
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Fig.9 The standard curves of primer D1/D2
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2 000 bp—p
1 000 bp—pr
750 bp—p-
500 bp—p

250 bp—- <180 bp

100 bp—p

M: DL 2000 marker; 1: #2; 2: 25; 3: 1£; 4: Zhif; 50 WM 6: Zh)K; 7: ZJI; 8: SR AL HE(38 °C)if s 9: MRIGALFE(S °C)if s 10: T RACHE LRI s
11 TR AR A

M: DL 2000 marker; 1: root; 2: stem; 3: flower; 4: young leaf; 5: old leaf; 6: young melon; 7: old g melon; 8: high temperature treatment (38 °C) leaf; 9:
low temperature (8 °C) leaf; 10: drought treatment (1 day) leaf; 11: drought treatment (3 day) leaf.

E10 =MRKCpTUARERERE S
Fig.10 The expression stability of CpTUA gene in different situation of zucchini
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Processing

1:H3; 2: 25; 3: 485 4: 4hnt; 50 221 6: 40K 7: Z N 8: ik AR FL(38 °C)it F; 9: IKIRARFE(S °C)i sy 10: TRACFE LRI s 11: TR R F o
1: root; 2: stem; 3: flower; 4: young leaf; 5: old leaf; 6: young melon; 7: old melon; 8: high temperature treatment (38 °C) leaf; 9: low temperature (8 °C)
leaf; 10: drought treatment (1 day) leaf; 11: drought treatment (3 day) leaf.
Bl PHEEPCROMTEMENCpTUAREFTIAFRE M
Fig.11 Real-time quantitative PCR analysis of CpTUA gene expression in different situation of zucchini
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Fig.12 Real-time quantitative PCR analysis of POD gene expression
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