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Abstract: Tigernut (Cyperus esculentus L.), most likely originated from Africa and Mediterranean, represents a novel
herbaceous oil crop accumulating high levels of oil in its underground tubers. Water balance is essential for tuber de-
velopment and metabolism in tigernut. Tonoplast intrinsic proteins (TIPs), which include five phylogenetic groups (i.e.
TIP1-5), constitute a subfamily of aquaporin facilitating the fast and passive transport of water across vacuolar mem-
branes. Based on available genome and transcriptome data, one TIP gene named CeTIP2;1 was isolated from tigernut
tubers by using the RT-PCR technique. Sequence analysis showed that the full gene length of CeTIP2;1 is 3323 bp, in-
cluding two introns with a coding sequence of 747 bp; the gene was predicted to encode 248 amino acids with the theo-
retical molecular weight of 24.73 kDa, the isoelectric point of 5.09, the grand average of hydropathicity of 0.948, the
aliphatic index of 114.60, and the instability index of 21.76, implying its stable, acidic, and hydrophobic features, which
is consistent with its tonoplast-localization; presence of one conservative MIP domain was observed, which possesses
six transmembrane helices, two half helices, and two typical NPA motifs. CeTIP2;1 was shown to exhibit the sequence
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similarity of 87.20% with AtTIP2;1, which was considerably higher than 46.23% with SoPIP2;1. Further phylogenetic
analysis revealed that CeTIP2;1 belongs to the TIP2 group and is a true ortholog of AtTIP2;1. Interestingly, the phy-
logenetic analysis also supported that TIP2 has diverged into two subgroups sometime before monocot-eudicot diver-
gence. Tissue-specific expression analysis showed that CeTIP2;1 was highly expressed in all tissues examined in this
study, i.e., leaf, sheath, root, shoot apex, rhizome, and tuber, with most in tuber/rhizome and lowest in shoot apex. A
bell-like expression pattern was observed during tuber development, peaking at the medium stage of swelling and lowest
in maturation. Moreover, CeTIP2;1 was also detected in the tuber proteomes, implying its high abundance and key roles.
These findings would lay a solid foundation for further uncovering the mechanism of water balance in tigernut tubers.
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( tonoplast intrinsic protein, TIP ). Jii & PN 7E 25
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26 FENTEE 1 ( NOD26-like intrinsic protein, NIP ),
IIN R B PN 78 2 11 ( small basic intrinsic protein,
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AtTIP2;1 @ @ W —emmmmmmmmmmmmee—— MAGVAFGSFDDSFSLASLRAYLAEFISTLLEVFAGVGSAT
CeTIP2;l = = ————————mmmmm—m— MAGIAFGRFDDSFSASSLKAYLAEFISTLVEVFAGVGSAT
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AtTIP2;1 VYATAADPKKGS----LGTIAPLAIGLIVGANILAAGPFSGGSMNPARSFGPAVAAG———
CeTIP2;1 VYATAADPKKGD----LGTIAPLAIGLIVGANILAAGPFSGGSMNPARSFGPAVASG—-—--
*:: *:***:. . :***.**: * **: *::* .:*******.**
TM6
SoPIP2;1 VWDDQW DEWVGPEIGAAVAAAYHOYVI RAAATKALGEFRENPTN
AtTIP2;1 DFSGHWVYWVGPLIGGGLAGLIYGNVFMGSSEHVPLASADEF———
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D E AtTIP1;1 AT2G36830 Arabidopsis thalliana

AtTIP1;2 AT3G26520 Arabidopsis thaliana

OsTIP1;1 LOC__0s03g05290 Oryza sativa

OsTIP1;2LOC_ 0s01g74450 Oryza sativa

AtTIP1;3 AT4G01470 Arabidopsis thaliana

81 OsTIP3;1 LOC_ Os10g35050 Oryza sativa

_: OsTIP3;2 LOC_ Os04g44570 Oryza sativa
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AtTIP4;1 AT2G25810 Arabidopsis thaliana

OsTIP4;3 LOC_ Os01g13120 Oryza sativa
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OsTIP4;2 LOC_ Os01g13130 Oryza sativa
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47
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99
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73
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OsTIP2;2 LOC_ 0s06g22960 Oryza sativa
AtTIP2;1 AT3G16240 Arabidopsis thaliana
OsTIP2;1 LOC_ 0s02g44080 Oryza sativa
AtTIP2;2 AT4G17340 Arabidopsis thaliana
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TIPS OSTIPS;1 LOC_ 0s04g46490 Oryza sativa
100 i

AtTIP5;1 AT3G47440 Arabidopsis thaliana

A: CeTIP2;1 (IR SEH ; B: CeTIP2;1 [RSF45HIE; C: CeTIP2;1 55 AtTIP2;1 ll SoPIP2;1 HYJFF Xt 6 M5 Mg e Al 2 4 2 12
BER KA SR ER, BFRIEHARRBIGER; D: CeTIP2;1 B9 3D Z5H TN ; E: CeTIP2;1 S/KREMIURGIF TIP & 1A KIS L I o
A: Gene structure of CeTIP2;1; B: Identified conservative domain of CeTIP2;1; C: Sequence alignment of CeTIP2;1, AtTIP2;1, and SoPIP2;1,
where six transmembrane helices and two half helices are shaded and conserved residues are marked in different colors; D: Predicted 3D
structure for CeTIP2;1; E: Phylogenetic analysis of CeTIP2;1 and TIPs in O. sativa and A. thaliana.
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Fig. 1 Bioinformatics analysis of CeTIP2;1
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Tab. 1 Comparison of physicochemical properties and secondary structure of CeTIP2;1, AtTIP2;1 and SoPIP2;1
, L L i R N i i 4 - WIE
Protei Numbers of MW/kDa pl  GRAVY Al I MIP Alpha helix/% Extended Beta Random
rotemn name  ,imo acid Pha helXf7e trand/% turn/% coil/%
CeTIP2;1 248 24.73 5.09  0.948 114.60 21.76 14.231 36.29 20.97 4.84 37.90
AtTIP2;1 250 25.03 5.30 0974 112.48 26.73 14.232 33.20 20.80 5.60 40.40
SoPIP2;1 281 2990 9.03 0.579 102.81 27.81 31..260 36.65 18.15 2.14 43.06

JEHCEREEZE, HUOE Y . St AL ki
AR, ERARA e 2R
24 CeTIP2;1 EAR A BRI ZERRIERIZE
EEN

M RN LR GRZELFTHXRR, R

qRT-PCR AR HE— 4341 CeTIP2;1 7EE tA A | 1
KA R I R BT A 4 S SR % T
Yezirp i i, il 2B B, 25K
IFENG R Ik F I e, i & m TR R
SRR R0, T 78 A 1) = B e AR

1

18 35 0r ¢
1.6—A ab 3 B A 9 L a
514_ & g 30 + 8 gl J[
o0l %3 25 | 30
42!@1-2' c %‘E 8
go10| L ¢ HE 20| #8 6T
?"2808— ﬁgg L *'g S5r
= o0 ® g 15 5584_
E§0.6— Eu B 00 &
g Bz 10 | W e 3
W3 o4t d 5 B ¥
< 0. 3 | E2f be b
02 b m 0.5 ﬂ . S Lbe ﬂ be q
@&3\ @&% RS %‘@@% P ﬁ S & @@g\g, i *ﬁéﬂmFT DT RT ST
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ZH 20 Tissue

Development stage of tuber

A: CeTIP2;1 WAHL U FYEAHT; B: CeTIP2 1 FEAF A B B B R ) R IAEK; C: CeTIP2;1 TEARFALUF R A FE,

/NG AR

BRI FRR2ZER B (P<0.05) 2558 82 (P<0.01),

A: Tissue-specific expression profiles of CeTIP2;1; B: Expression profiles of CeTIP2;1 in different stages of developmental tubers;
C: CeTIP2;1 protein abundance in different tissues. Lowercase and uppercase letters indicate significant difference (P<0.05) and extremely
significant difference (P<0.01), respectively.

B2 CeTlP2;1HFRIE#ERX
Fig. 2 Expression profiles of CeTIP2;1
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