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Abstract: Recent studies have found that early nodulin-like (ENODL) genes play a vital role in the formation
and development of underground storage organs in plants. Our previous study found that some ENODL genes
were expressed abundantly during the root formation and tuber expansion stages of Tetrastigma hemsleya—
num. In this study, two ENODL genes ThENODL1 and ThENODL?2 from T. hemsleyanum were cloned. Pre—
liminary bioinformatics analysis showed that the open reading frame (ORF) for ThRENODL]1 is 528 bp, enco—
ding 175 amino acids, and the ORF for ThRENODL?2 is 651 bp, encoding 217 amino acids. Both ThENODL]1
and ThENODL?2 have the conserved domain of rice ENODL gene (OsENODL1_like), and possess the basic
molecular structure characteristics of ENODL gene. Relative fluorescence quantitation PCR revealed that the
expression level of TRENODL1 was significantly higher in tuberous roots than in other organs, and signifi—
cantly increased in the initial development stage and expansion stage of root tuber, while the expression level
of TRENODL?2 was the lowest in tuberous roots and there was no significant difference in expression profiles

at different development stages of root tuber. Furthermore, the proteins encoded by cloned ¢cDNAs of both
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ThENODL1 and ThENODL?2 were expressed with the expected size using E. coli prokaryotic expression sys—

tem. This study lays a basic molecular biology foundation for further ascertaining the functions of ThRENODL

genes in tuber development.
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Table 1 Online bioinformatics analysis software used in the study

Software Usage Website
Primer 3-SGD Primer design for cloning of ThENODLs https://www.yeastgenome.org/primer3
Primer3Plus Primer design for qRT-PCR https://www.primer3plus.com/
ORF Finder Prediction for ORF https://www.ncbi.nlm.nih.gov/orffinder/
BLASTP/BLASTN Protein or nucleic acid online site alignment https://blast.ncbi.nlm.nih.gov/Blast.cgi
Conserved Domain Conserved domain prediction https://www.ncbi.nlm.nih.gov/Structure/cdd/wrpsh
Phyre2 Prediction for protein tertiary structure http://www.sbg.bio.ic.ac.uk/~phyre2
ProtParam Prediction for molecular mass, isoelectric point and https://web.expasy.org/protparam/

possible biological processes
Cell-PLoc 2.0 Subcellular localization

involved

http://www.csbio.sjtu.edu.cn/bioin{/Cell-PLoc—2/

E A ERMGSAT 20225506 BE7 8 TR

Note: The above software analyses were completed on May 6—7, 2022.

AR (IV), HARBRE 7 162 BOSCHR13]. B
B 3~5 B, FESBYRREIR A, BRI 100 mg,
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Table 2 Primers used for ThRENODL gene cloning and relative fluorescence quantification

Abbreviation of gene name Primer Usage Amplified fragment Primer sequence
(accession number) name length/bp (5'—3")
ThENODLI ThENODLIF Full-length 528 TGGACTTGTTTCCGGAATCA
(ON086798) ThENODLIR amplification TCAAATCCCCAACAGAGCAGAC
ThENODL?2 ThENODI2F Full-length 660 CTCTTTGCTTGCTCACATG
(ON086799) ThENODI2R amplification AATCCCAAACACCAACCAGC
ThENODLI ThENODLI-1F ORF 528 ATGGCGACTTCACGAGTT
ThENODLI-1R amplification TCAAATCCCCAACAGAGCAGAC
ThENODL?2 ThENODL2-1F ORF 651 ATGACTGATTCCGTGGTAAGA
ThENODL2-1R amplification TCAAGCTAAAAGAAGAGATG
ThENODLI ThENODL1QF RT-qPCR 80 TCGGAGGGAGTGTAGATGCA
ThENODLIQR GCGTTGTTTCTTGGCCCAAT
ThENODL?2 ThENODL2QF RT-qPCR 171 GTTCCTGCTGATGGTGCTCT
ThENODL2QR GACAGCACTGAGTCCTTCCC
RPI RPII-1QF RT-qPCR 135 ATCTCCGCTTGCAGCTTCTT
(MW307822) RPII-1QR GCTGGTTGGCATGGTTGATG
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Bl pEASY -Blunt E1 Expression Kit, A% #
JEEE ARG DHSe 9%, 55 SR IRBORLIX 22
A TAEY) TR A BRA I . ek
TR B9 20 U 3R AR A R FF T DE3 &
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Table 3 The relative molecular mass, isoelectric point, biological function prediction and subcellular localization of
proteins encoded by ThENODL1 and ThENODL?2

Signal peptide ENODL domain Subcellular localization
24~128
33~135

Putative protein name Relative molecular mass  pl
ThENODL1 19 576.55
ThENODL2 22 627.44

Biological function

6.29 Electron transfer activity 1~29 Cell membrane

5.10 Electron transfer activity 1~38 Cell membrane

ThENODL2 MTDSVVRSDQKKKALPMLGLLSLLLVMQKVAATEYAVGG-ANGWSVPA-DGALHYNQWAERNRFKIGDSLLFVYPSGKD— SVLSVNKDDYTST— ——ATSLAHYNDGHTVFIFNQSGPH

OSENODL1 ----MEASRRWPYAAWFMAVLGLVAVFSSSEAYVFYAGG-RDGWVV---DPAESENYWAERNRFQVNDTIVFLHDDEVGGSVLQVTEGDEDTCSTGNPVQRLEDVAAGRSVFREDRSGPE

ThENODL1 —---------] MATSRVFLLCFALISLLFACSHAAEYLVGGSVDAWKVPSSHGRLSLSDWAKKQRFRIGDYLIFKYDPKVH SLLELNEEDYQ TT---SRPIKKFTEGYTSYELHRTGRF
* Lk s xak

YFISGVED! KMVVVVLAERGNGSSSTF-Q ——————————————— P.STDIVPSP.SGQE.PEPPMETVP-TATGEEPS ————————— PGSGASSLIISFIGSVGALVGSSLLLA

FFISGDED KLYIIVMAVRPTKPSERBEPAGAAGPYVSSKSWSWOAFPPAGATTPPPLPPSHGSEBEHAONBGKS SLGGSGGGEMSRSSSLGEBPPTSGAAGLAGVVASVVVGVLGALLMF -

HFTGGTDE FY KLFVDVMAAEDLAESELAMTT LEBVPPPE---- MSKANGLRVGFIGCVTLMMSALFGI-

Kok KoKk L 0% rrloror

Bl 1 ThENODL15 ThENODL2 Wi E B R 515347

UEIMTRARETHRALE; FEH TAFENEIRBR I AR ETERT R BEFFAFZOEERFIAMERL
LRBRE AR e RAFEN AN ERE AR PR ZHAEGRT Cys 5 Gln &K K & F FARZ R BR 57
A 6 LB RS BLUBT 4 S AS s IE &l TR R SRR

Fig.1 Analysis of deduced amino acid sequences of ThENODL1 and ThENODL2

The amino acid sequences in bold red font are signal peptides. The sequences on yellow background are the plastocyanin-like
domains, and those on blue background are Pro and His enriched domains. The red boxes mark the conserved Cys and Gln
residues that form disulfide bonds in phytocyanin. Amino acids on purple background shows deduced glycosylphosphatidylinositol—

anchoring signal. The sequences in bold blue font are hydrophobic regions.
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B2 ThENODL1 5 ThENODL2 KNI A Bk 3D 155
Fig.2 The deduced protein 3D models of ThENODL1
and ThENODL2

J&H#¥, ThENDODLI1 5 ThENDODL2 43 J& A [A] 28
#E, Foh, ThHENODL1 5% (Vitis riparia) 1) 51
SYRAE M | MR A S, ThHENODL2 55
L (Thalictrum thalictroides) B P W45 R 2 H 93
G R R A A
22 HWERE=ME

DIMR = AR A cDNA KB 1
ThENODL1 5 ThENODL2 . [¥) cDNA J¥31 . &
WEHLIK S R, § 1= RN S AR (E4).
TP A5 3 A Bl 7 41 (] 55 AT IR AR 10 7 skl
FFHVFLE KT 99%, D (1) FEFR 1751 5 5% 5%
2P A I S LR ARLLE R 100% -

B 4 ThENODL1 5 ThENODL2 PCR ¥ i E k&R
M: DL5000 %~-F #47/£; 1: TRENODL1 % PCR ¥ ¥& ¥ 45
R; 2: TRENODL2 ¢ PCR ¥ 3g4m 25 & .

Fig.4 Agarose gel electrophoresis of ThRENODL1 and
ThENODL?2 PCR amplification products

M: DL5000 marker; 1: ThRENODL1 PCR product; 2: ThEN-
ODL2 PCR product.

2.3 ThENODL1 5 ThENODL2 #E A [E 28 & 0
ROB) AR L BERPNEREE

R0 B E TRENODL1 X ThRENODL2 5 bt
HR& B ARG, BT T 3 A~ 35 R AR Al

XP 014508115.1 early nodulin-93-like Vigna radiata var. radiaia
XP 016162793.1 early nodulin-like protein 3 Arachis ipaensis
XP 018833667.1 early nodulin-like protein 1 Juglans regia

XP 010265564.1 PREDICTED: early nodulin-like protein 1 Nelumbo nucifera
XP 028227907.1 early nodulin-like protein 1 Glycine soja

NP 001235764.2 ENODL1-like domain—containing protein precursor Glycine max
XP 020208051.1 early nodulin-like protein 3 Cqjanus cajan

XP 034700253.1 early nodulin-like protein 1 Viiis riparia

Early nodulin-like protein 1 Tetrastigma hemsleyanum

XP 022728841.1 early nodulin-like protein 1 Durio zibethinus

XP 004501389.1 early nodulin-like protein 1 Cicer arietinum

XP 027904646.1 early nodulin-like protein 1 Vigna unguiculaia

KAG2400358.1 early nodulin-like protein Vigna angularis

E 3 ThENODLI1 5 ThENODL2 Z&Zi#H{LRiayHEE

L& REAHEHFREARRGRACER, ¥ B & F 44710692 ThENODLI 5 ThENODL2 A 42 E
Fig.3 Phylogenetic tree construction of ThENODL1 and ThENODL2
Different evolutionary groups are represented by red, green and pink backgrounds, respectively, and the locations of ThENODLI

and ThENODL2 are marked in blue font.
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ThENODI1
TGGACTTGTTTCCGGAATCAATGGCGACTTCACGAGTTTTTCTTCTATGTTTCGCTCTCA
TTTCTCTGCTCTTTGCTTGCTCACATGCCGCAGAATACCTGGTCGGAGGGAGTGTAGAT
GCATGGAAAGTTCCATCTTCTCATGGGCGGTTGTCCCTCAGCGATTGGGCCAAGAAAC
AACGCTTCAGAATCGGAGATTATCTCATCTTCAAATACGACCCCAAAGTTCATTCATTG
CTGGAATTGAATGAGGAGGATTACCAAAACTGCACAACTTCAAGGCCGATCAAGAAAT
TCACAGAGGGCTATACAAGTTACGAGCTCCACCGAACAGGGAGGTTTCACTTCACCGG
CGGCACCGACGAACACTGTTTCTATGGCCAGAAACTGTTCGTAGACGTGATGGCTGCA
GAAGATCTTGCGGAATCTGAGCTGGCAATGACAACTTTAGCTCCGGTGCCGCCGCCTG
AAATGTCCAAGGCCAACGGTTTGAGAGTTGGATTCATCGGCTGCGTAACGCTTATGATG
TCTGCTCTGTTKGGGATTTGAGAGAATACGAGCCGATTTATGATCATGGCG
ThENODL2
CCAAATGCCCTTATAAATACCCAAAACTCACCCATAGCTTCTTCACTCAGCTTTTTCC
ATTTCTGTAATTTCCTTTCTCTCCAGTTCTATCGAATTTGTGCAATTATGGGGAAGAAT
GTGGGTGGGTCTCCCTTTGACAGAAATGAGTTTGCCGCAATTGACCAAAAGCAGGCT
ATGGCCAAGCGCTGCTCTCATGAGGGAGTAGTTGCAGGAGCAAAGGCTGCAGTTGTT
GCCAGCATCGCCACAGCCATACCCACTATGGCTAGTGCAAGATGGCTGCCATGGGCG
AAAGCCCATCTCAATTACACTGCTCAAGCTCTCATTATTTCTACAGTGGGCGGAGCGG
CCTATTTCATCGTTGCCGATAAGACGATACTGGCCACGGCTCGCCGCAACTCCTTCAA
TAAACCCTCCATCTCCGATGAGTTATGAATATTGATGTAAACCCCATTTCTTGATAAT
CCATGAACTACCAACCTCTGATGTAATTTTACCATCTTCTCAGTATTAAATAAACCAG
TGCTTTCTTTTTCTGTTATAAAA

B 5 ThENODL1 5 ThENODL2 PCR # KM F &R
BemEaRyhEmmR, LEBERsAHBME,
Fig.5 The results of ThRENODL1 and ThENODL?2 sequencing

The blue parts are non—coding regions, and the black parts are coding regions.
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Different development stages of root tuber Different development stages of root tuber

Bl 6 ThENODL1 % ThENODL2 T iRAERE R REE

[: RTYRAR e MR G 2 AR T keI R e 3rAR; T: 3R, IV: BA SRARAR AR 6Y ¢F i, B MK P<0.05; R K
FHBAIL T a, RARE TR, BFIERE, B EEHEZ FARKAFE boc A d, FEF R ZFWARZAF T4,

Fig.6 The relative expression levels of ThRENODL1 and ThENODL?2 in different development stages of root tuber

I : The fibrous roots without tuber; II : Initially expanded tuber; Il : Tuber; IV: The fibrous roots with tuber. The significance
level is P<0.05. The letter “a” is marked the maximum average, and the average is compared with the following averages one by

one, and “b”, “c” and “d” were marked in turn if there is a significant difference after pairwise comparison. Those with the same

letter indicate that the difference between them is not significant.
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TETRZE W AZHEG 1 B Mok s v g ik 88 i HAH TRENODL1 5 ThENODL2 FEDH 4fiB i 2 11 A
HZREZESARE, FE SRR HYS  TEAEARFE RIS KRG 3).
Hib#F R B HE 2R, YR P EE R RMCE B E ARG 7 M ilEAE T K (uclacyanin,

BERTHASE UC) /2 5 % (stellacyanin, SC) SHAYIIETE &K (plan—
2.4 ThENODL1 5 ThENODL2 Hy[E#3ki% tacyanin, PLC)FI R E5E 28 4 /N KGN, £

TRENODL1 %t 175 MR, [FRBER  FEZ A EEWN X e TS 45 A0

& LAl A 23 ANEIHERR, B TRENODL i3k GBEMAA , USSR N R S i 45 607
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Fig.7 The relative expression levels of ThENODL1 and ThENODL?2 in different organs

The significance level is P<0.05. The letter “a” is marked the maximum average, and the average is compared with the following
averages one by one, and “b”, “c¢” and “d” were marked in turn if there is a significant difference after pairwise comparison.

Those with the same letter indicate that the difference between them is not significant.
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Fig.8 SDS-PAGE results of prokaryotic expression of ThRENODL1 and ThRENODL2

(A) TRENODL1; (B) TRENODL2. M: 97.2 kD protein marker; 1: Control (empty vector); 2: TRENODL1 or ThRENODL?2 expression

products.
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