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Abstract: Cyperus esculentus is a special oil crop, with its underground tuber accumulating a large amount of oil, and also
having the advantages of wide adaptability and strong stress resistance. This crop is a superior germplasm material for study-
ing plant stress resistance and oil enrichment in the underground vegetative organs. Transport inhibitor response protein 1
(TIR1) can regulate plant growth and development and abiotic stress response as an auxin receptor. However, few reports on
CeTlIR1 have been reported. In this study, four TIR1 genes, namely CeTIR1-1, CeTIR1-2, CeTIR1-3 and CeTIR1-4, were iden-
tified from C. esculentus transcriptome data and the ORFs were further cloned by RT-PCR. All the four CeTIR1 proteins con-
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tained a typical F-box protein domain, AMN1 superdomain and Transp_inhibit domain, revealed by bioinformatics analysis.
No significant difference was detected among the four CeTIR1 proteins in regarding sequence length, relative molecular
weight, isoelectric point and other physicochemical properties. The four CeTIR1s were closely related to TIR1s derived from
plants of Cyperaceae, Oleaceae and Cruciferae in the evolution. Gene expression profiling showed that the expression levels
of CeTIRL family genes were significantly different in different tissues of C. esculentus, with the highest expression in tuber
tissues and lower expression in root and leaf tissues. The antioxidant enzyme activity and MDA content of C. esculentus seed-
lings increased under salt stress. After adding exogenous IBA treatment, the antioxidant enzyme activity of C. esculentus
seedlings under salt stress further increased whereas the MDA content decreased. This indicated that IBA could alleviate the
adverse effects of salt stress on the growth of C. esculentus seedlings. qRT-PCR results showed that expression levels of the
four CeTIR1 genes increased in C. esculentus seedlings treated with salt stress, and exogenous addition of IBA could signifi-
cantly up-regulate the expression of CeTIR1-2 gene. Comprehensive analysis demonstrates that CETIR1-2 may be an impor-
tant gene involved in regulating the response of C. esculentus seedlings to salt stress. Together, the results would provide the
scientific basis and important reference for exploring the related function genes involved in auxin regulating the growth and
development and stress resistance of C. esculentus, as well as the C. esculentus cultivation in the saline-alkali land.
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P mAlG . BmAR. TR, B IR
VS SR H AT A B ME— B N B SR
KM D, s bR o Rk
68%~75%, 1t JBUFIGE 5 o3 AT R SEAOE It . AR T
AL F M, BT Eeokeih & 2 ki &1
TS G HEE R TR E A i 52 i, b B
INA] PR B R il , R —Fh AT . R, B
W TR Z R L EY S, b G
TR, BAEN TR . EPU S ST, W
SEAE YT AT I 0 BARVE WA KL

LN A, AR Z 2 e A Y ihia
MIEE . T5 . dbEr . &R, R, FhosmE 4
J& AR AR Wy i aE B e A R R AR . AR AN
RE, MUSEREY &, S EERmE T
S SHAEMIET™ Ml R o Ak 2 Y
Mz —, EE RO AR b aR
PG E VRS, SBEEWERS AL, T
BRI, A IE R e K AT,
Ytk A R ALEI AR SR P8 R, A RE Y
BERA . WIRBEhEES . N RHEYEERES
18 T L SR A 4 8l 2 A R A
Hr, MRS, SO
L7/ IR 1Y = I I WY R i 7/ E st 7] 7 STEL )
N, FERE AR AR Py W3 i R 24 TR i A R OCH
TR, AR EEN—RE RS E, &
SR W0 08 A5 ORI B A, AT D

T AALP G R T A RS B R A, S
A= LY/ b kAN STEROL (1 A

iz B P il ) me B 2K 1 ( transport inhibitor
response protein 1, TIR1 ) JE2AH Y0 A K RG-S
f—kEEEAM, TIRI HA N SAESLEEN
K%Y SCF A GWIIT Z— F-box L5 5,
Cuifi B EZ N EMTY) (LRR) 1Y AMNI1 ##
gErg Y R K &R 5324k TIR1 & A45A )5, TIRL
iy F-box HEWLIYE S WIMEEMHCER 1
( SKPI ZEfl%) ASK1 F1 ASK2 } Cullin JE& i, SCF
( SKPI/cullin/F-box ) 4 268 17 % & (1 2 514,
WEARS KR Aux/TAA 55 5% 7 H AR
M 2 Aux/IAA & 12092 R B iR IEA
268 R B IEAR AR, SE OS5 A KR RN
Ay IEH U, FERIRG T (Arabidopsis thaliana )
it ik MiR393-TIRL (mTIRL) &, AKE
ERER i | NIy e o - W I O 5
3 P8 R T NI Na HE H ok S s A 4 R i aa
Pobk, DI B i s 3 N A R o F bk e U
KH (Brassica rapa) BrTIRL Ji s A7 7E M
o7 ER e i R T/, BrTIRL 8K (52
EHhba s E B Y, SR S xR A
KEZHREN TIRL MRAWEEREER, W
NaCl i b 34 G 48 5 ¥ JK 4t %2 ( Chenopodium
glaucumL.) CgTIRL & ik 0% | yb oAk
R PR | 25 AR RO (A S ORI S AR
I BAEY), 56T CeTIRL LB (144 W etk . mil
o7 ER B8 A A R AT 5 I R S A A



896 o AE A F AR

%44

AHIF 5 FE T S 90 F 1 VH T B2 A Sk 2 B M e
RAFIMIPE CeTIR1 K&K G5 0 45 )3 371 5 %
HEAT SERE s 8 AR WAE B o A g i R
SRR . BAPERT . SR ES R AE LG R
DRSNS E AR | RE 8 S LB L el R SR )
POD. SOD [ifi% Pl MDA &+ ; i qRT-PCR
ST CeTIRL JEPR 20 413 IR Rt S AR
Jolp e RS AR R R AL B E  FakIE . ASCRTEN
Ja BLR ABESE CeTIRL DI M CeTIRL 2 54MEA:
K Z A AEY R a0 B Pk 25 e LA

1 R 5FZ*E
1.1 ##

VB SRR TURORE A 1L PGk K 2B Tl 5
AV RE RS RAE B AR 155, 2021 4F 4 H 22
HApE T I PG Rk R 22 R 2z B Al o BUOEAR 1
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12 FHik
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THIP5 25 SR A B8R P e 25 th 4 IMIMTP R TIRL
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AT I slifl . il R A R A 5 7= R B, K
PCR =¥ %4 3] pMDI18-T #44 |, # AF|I K
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Tab. 1 Primer sequences

Elk7| SIYFE) (5-3")

Primer Primer sequence (5'-3")

ORF TIR1-1 F ATGGCAGATGAACCGGCG

ORF TIR1-1 R  TTACAAGATCTTAACAAACGGCGG
ORF TIR1-2F ATGCGAGAGGAGATCTCTGACATG
ORF TIR1-2R TTACAAGATCTTAACAAAAGATGGTGC
ORF TIR1-3 F ATGTCTGAGGAGGAGGAGGACG

ORF TIR1-3 R CTACAATATCTTGACAAATTGCGGT
ORF TIR1-4 F ATGAAGGTCCAATCGGCCA

ORF TIR1-4 R TTACAGAGTCCATACAAAATCAGGTGC
qRT TIR1-1 F CGACACGATTGGAGATGAAGG

qRT TIR1-1 R  GCGTTGACAGAAGAAGAGGATT

qRT TIR1-2F  GCTCGGTCTCGCAGTGATT

qRT TIRI-2R  GGCACAACCTACGCAATCG

qRT TIR1-3 F GTGCCGTATCCTGTCAACCT

qRT TIR1-3 R TCCAGTTCGTCATCCTCATTCA

qRT TIR1-4 F TTCGCAGGAGACAGTGACC

qRT TIR1-4 R TCCACATTCAACATCGGCATT

Cel8S rRNAF CTACGTCCCTGCCCTTTGTACA
Cel8SrRNA R ACACTTCACCGGACCATTCAA

122 AW &S5 FIJH NCBI KL
T.H CDIX https://www.ncbi.nlm.nih.gov/Structure/
cdd/wrpsb.cgi ) X DA S 55 55 3 95 52 2 sk 2 AU AE
SEARAFEY CeTIRL Jk (R 4 i (4 B HE R e 51 Y
SPEER I AT 43T f# ] MEME ( https://meme-
suite.org/meme/tools/meme )7E £k # {4 Tl CeTIR1
IR FR IS 2 A9 Motif; F]H Expasy Wl #
LY Protparam( https://web.expasy.org/protparam/ )
T HEHr CeTIRL DK 55 4 fith 35 11 Y 2 S e 4
1 7o = S NN ED/0 B3 i R -t D S A
R i HTEL S HT s TMHMM Server 2.0

( https://services.healthtech.dtu.dk/service.php? TM
HMM-2.0 ) Xf CeTIR1 &5 [ #5 B X HE AT 0 4347 5
iz J Expasy P ufi 42 fit 1Y Protscale T. B

( https://web.expasy.org/protscale/ ) XJ 25 [ i 7K [X.
SRAEAT BN A 5 AEHIFELE 0 R 2 PSORT I

( https://psort.hge.jp/form2.html ) il CeTIR1 %t
PR 22 2 5 A S AL E 1o 5 flEH] SOPMA ¥
vl (https://npsa-prabi.ibcp.fr/cgi-bin/npsa_automat.
pl?page=npsa_sopma.html ) #7172 [ &5 1Y
TH 43 B 5 38 35 AE 28 B Phyre2 ( http://www. sbg.
bio.ic.ac.uk/phyre2/html/page.cgi?id=index )i} 17
H = Ra5 @B o ] Genedoc 14Xt
CeTIRL JE N i g i 2 1 AHAL A TIRT HE
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() 28 5 1R )7 5 6 AT 2 07 8 L X5 A 4B 2 1k
( neighbor-joining, NJ) il MEGA 7.0 # {44
TR TIRIEH (£2) WRZLKEW, &
B & bootstrap 1000, FHASEERIN .

x2 #WiXEWTIRIEARIEAREE

Tab. 2 Basic information of test plant TIR1
protein sequences

LiEk7] FLT 4 HEH NCBI & 3% 5

Plant Latin name Protein NCBI accession
K Glycine max GmTIR1  XP_006584933.1
BERE Ricinus communis RcTIRI  XP_015578180.1
16 Arachis hypogaea AWTIR1  XP_025689973.1
P44 KAH  Oryza brachyantha ObTIR1I  XP_006647937.3
W Cocos nucifera CnTIR1  EHAS8586401.1
BB R Carex littledalei CITIR1  KAF3330046.1
Az Elaeis guineensis EgTIR1  XP_010942647.1
Wik Panicum virgatum PvTIR1  XP_039787433.1
S Olea europaea OeTIRl  CAA3002003.1
[=E Sorghum bicolor SbTIR1  XP 002465737.1
B3 Brassica hapus BnTIR1  XP_022569407.1
B¥ Eleusine coracana EcTIR1  GIN22350.1
meER  Loliumrigidum LrTIR1  XP_047075560.1

123 HAMAMEEHFEMN T HWEY L
(SOD) IEMERHAWE UM (NBT ) J6id 5k
i, EEYEE (POD ) I MR A A A A B )
E, W (MDA ) &R A I b2 R vk I

£ [20]

&

124 HF 2 CeTIRL AF AKX EH X LEE
PCR 247  FIJH Primer 6.0 #3145 CeTIRL J: K
FE1 qRT-PCR 514, Lk Cel8S RNA KNS 3k
(£ 1) RHIE 24 A FE TransZol Plant
W & B BCE RNA, i | Genstar 2 A 11
StarScript I ¢DNA 5 —&A Wil & ik 7 /%
%o ffi/f] TaKaRa A H]f TB Green® Premix Ex
Taq™ ikl &, #HATSCHIZEEE B PCR 4.
RWNREFH: 95 °C 30s,95°C 5s,62°C 1min,
39BN, R E 3 RAEYFEE M3 REAREL,
SR 28T SR PI RE A Fk

1.3 HiEAE

f#1 JT] SPSS Statistics 26.0 #4317 5L 43T o

2 HERENW
2.1 jB5E CeTIRLEFER ORF =&
FHE A 1 532K cDNA /E MBR EFT PCR 3™

B, YUk oy B A E A R AN 1 R, PCR
KR A 20 A H R 45015 5 UHARST . 2807
YUE, M7 CeTIR1 JERFEM A CeTIRL-1,
CeTIR1-2, CeTIR1-3 Al CeTIR1-4 H:[X 1Y) ORFs 435
1770, 1875, 1836, 1800 bp, &iF%E, ¥
434 CeTIRL KK i ORF J¥ 41 5 i A 45 4
S —3

M: DL2000 DNA marker; 1~4: CeTIR1-1~CeTIR1-4 ORF
P
M: DL2000 DNA marker; 1-4: PCR amplification of
CeTIR1-1~CeTIR1-4 ORF.

B 1 #5E CeTIRL EFEKKH ORF 52k
Fig. 1 Cloning of ORFs of CeTIR1 genes in C. esculentus

2.2 HiSE CeTIR1 ZEAMEB MRS

X CeTIRT kM 5% ity B 1 P~ &5+ Sk itk
30, 459 WR (B 2) , CeTIR1 HEEHS
ARG IT AtTIR1 AR & A ALY 3 NSl . 2
AEE R HI( LRR ) AMNI #4514  F-box_5
ghEpyI, (O SCF Rz & E3 %E4%MEE S i —
A5 R E KA ) A1 Transp_inhibit 25143k
(/& LRR XIMREE A7 ) o Motif Fiji 2 5 i
~ (FE3), CeTIR1 KIEHEHAAE 6 1> Motif, 5
AtTIR1 S50, CeTIR1 FKiEHE M 5T
ATIRT 251, A LAY TIR1 & AR SF 4546 ds Fn
5T Motif, TR & CeTIR1 Al g SRS
AtTIR1 A AL A= 2= DB

4 A~ CeTIR1 M Z A1 BEALE 5T 24 55 R 0
(%£3) . HAFFIEK N CeTIR1-2 (624 aa)
%40 M CeTIR1-1 (589 aa) , CeTIR1 HHif %y
FE 5.13~6.72 Z i), AFE RENLE 42.64~46.33 2
B, BIARRTEATRE R A B CeTIR1-3 8 H M5
KPR F, HAR CeTIR1 HEHM N FEKIEREM.
CeTIR1 5 11 Y06 I X B8, IV 240 0 5 57 43 A Sk 7w
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Fig. 2 Functional domains of TIR1 family proteins from C. esculentus
Name P-value Motif locations
A(TIR1 2.99¢-249 | I el
CeTIR1-1 1.11e-295 i ] I el
CeTIR1-2 7.466-297 | I I e
CeTIR1-3 7.35e-256 N el [
CeTIR1-4 5.68e-249 [ I N
Motif Symbol Motif Consensus
1. _ YFCORMTNAAYV ITMSKNCPDLTVERLCIMGPHKP DRITGE PMDEGFGAIV
2.1 TDKAFEYIGKYGKLJRTLSVAFAGDSDLGLKYVLEGCKNLQKLEIRDCPF
3.1 ELFIGNCYAVS PARAVARF PAIRSVSLKGKPRFAD FNLV PYGWGAHETPW
4 — YATVTAEDLNPLI RQCHNLQTEWVLDTIGDEGLKAVAETCKDLRELRVFP
[ ] KRMTVTDEDLELI AESF PNFKDLVLVCCEGFSTDGLAAI AERCRHLRVLD
6 [ GDAALJAGLPKY YNMRELWMSSCRLSVRGCREVARSKPNLVVEVIRDRDA
B 3 M= CeTIRL HKikE B RS Motif Huill
Fig. 3 Prediction of the conserved motifs in CeTIR1 family proteins from C. esculentus
*3 MPE CeTIRLRKEERELMER
Tab. 3 Physicochemical properties of CeTIR1 family proteins from C. esculentus
1 . A R VORI FIK Bk A0 L 37
g mam OIPIRE g MREREC e B AER
. . . Molecular . Instability . .. RE Transmembrance  Subcellalar
Protein Amino acid . Theoretical pl . Aliphatic index N
weight/kDa index GRAVY structure localization
AtTIR1 594 66.80 6.99 47.58 94.83 0.009 0 A%
CeTIR1-1 589 65.67 5.13 42.64 91.88 ~0.050 0 A%
CeTIR1-2 624 70.32 5.26 45.63 92.66 —0.080 0 Y A%
CeTIR1-3 611 67.11 6.10 46.33 98.00 0.017 0 Y A%
CeTIR1-4 599 66.37 6.72 45.34 94.06 -0.041 0 2 A%

CeTIR1 HEFIINL TAIMEIAZ N . CeTIRI FHH
PEFTARRL, BURE BT iR R YI6E .
23 HMIWE CeTIR1 EHMN S REMWTN 54
CeTIR1 £ [ 25t Wil 25 3 s (3R 4 ) ,
4 A~ CeTIRl FHH FEZEM o-IRHE. EPEE. B-
HAAMATTNE AR, Hrf o ﬂ%ﬁﬂz%ﬂﬂﬁﬁmﬁ
i L # R o CeTIR1 2R i — 0 2540 25 R R
(K 4) , UURER c2plnE AR, CeTIR1 %K
A AT ALTIR1 2R FHH ER SR BE PR AR S5 44 o AtTIR 1
FHH SHERRFRYE N 96%. CeTIR1 FiKiE
1, CeTIRI-1. CeTIR1-2, CeTIR1-3 il CeTIR1-4
B SRR ALE 5308 96% . 91% . 93%F

95%. it LL A Ar i 4 4~ CeTIR1 K% & H W]
e RIS ATIR1 FHH E Y D6E

T4 HFE CeTIRIRIEERMW KL

Tab. 4 Secondary structure of CeTIR1 famlly proteins
from C. esculentus

N ik {4 WL
Protein a-helix/%  B-turn/% Extended Raqdom

strand/% coil/%
AtTIR1 48.32 4.88 14.48 32.32
CeTIR1-1 50.42 4.58 13.24 31.75
CeTIR1-2 50.48 3.85 13.14 32.53
CeTIR1-3 49.26 3.44 12.11 35.19
CeTIR1-4 50.25 4.34 12.52 32.89
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Fig. 4 Prediction of the tertiary structure of CeTIR1 fam-
ily proteins from C. esculentus
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24 M E CeTIRLEASF L3t fn R4t
1Lt

ZIFHN AT AR R (B 5) , 4 /> CeTIRI
ARG T ATIR1 28 P H AT 35 B AR LS , 4B
A LAY F-box R4S . AMNI M 2544 5§
1 Transp_inhibit 54938, L MEGA 7.0 #{H4
AP T CeTIR1 2 1 5 HAB Y Fh TIR1 B M &
GREM, SERER(E6), 4 NP E CeTIR1
e 2 I 25 . NZ P40 Xt Fak ik
KE& [kFE, WMIPTE CeTIRI-1 F1 CeTIR1-2 fE[A]

i

— L 5RA IS EBHY B S CITIR1T LR
BOE, T —ZMEE A58 78.68%F1 69.12%;
CeTIR1-3 5ARBEHIHMN OeTIR1 XRIIE, JF
G —F MR 39.02%; TMIF G CeTIR1-4 51
RIS BnTIR1 KRBT, JF9)—BCEME N
51.31%, LR LIN2ER, BUnE B0 6E
AT YIRE
25 B E CeTIR1 BEEREALARIEFEDHT

gk — RIS G CeTIR1 KN HAEA
AL E R RBRE, DOER 15 0R ., it
HeZE19 cDNA M#PEE, DL Cel8S rRNA /E N Z
FEH, qRT-PCR il CeTIRL FE[H Rk,
ZEINE 7 iR, Yb G CeTIR1 R FKAI £
IR R VP S CeTIR1 FEH FRTES
AP RE, Hrh, 7EMR T CeTIRL-2 Rkt
i, FERT CeTIR1-4 Rikfmigm, fERZEH
CeTIR1-2 Rikwimm. MHILKME, W=
CeTIRL L [H RGP 2L P LU w58, TEARFN
4 2 ek IR
26 4MNE IBA RAIZMBEBMEX T ESEE
KHME

BT, Wy = d SOD 1 POD {4
B Ak P A ) ) RE G S SR B S N R R, 1
48 h B4R B KA G TR A6 T R . X3k ihaa T i

F-box_5 Transp_inhibit
CeTIR1-1 : —-—---—----—- MADEPAGGS--VPBISDOVFK LE] EK ArEAISIREE D T DARIRH [ 87
CeTIR1-2 : MREEISDMSEDDETGERARWVPDLSKLRSDDSDSGPGPPLADSP------- PPESDOIL! LEJ@# R RIS ALK ) RAGAQUEEM fle e\ 121
CeTIR1-3 : ———————=——=———————————— MSEEEEDDSDK-PRRRGTNSTASSSATAPPHSDQVLIS! SEL &) ACH ] SALIISE YRV 104
CeTIR1-4 : -———=———————- --MKVQSAMYYFPR HHF S| SHH| TVE WK TR R \ 80
AtTIR1 B Smmmmm— e o] MQKRIALS -F Pl I F S| LD! 53 5 v C <8 wiopsals RGBT GNE YA Y 79

|AMN1 super family

Transp_inhibit

NETERI K TE--GDAYRNEE sH S| NI SERRVF N {DIESIRCH
C] IND) ERSIERNR - RN 1.4 138 CI3G F
G| R S| RS LIS SIS EIETIRYCE DI
AA‘**J\.RSCPN E] £ S| [H AL NI S@D{EN
3 LREAL - - SSSYTWIRIF] DC] [KSK! 8 S SEEE]

B TING LA 1 ATEECRELR - - -DEDEWVI ZefT D) GCPFE : 210
BTG LAY 1 ASECREILT - —-EDEEVVI SERT D@WUGCARN| - 244
153G LEA LABNCKI LR GTADDTALV SKIHN SE@YPY PV : 232
B TR LAR VAN CKEIL R RGPR--———-| NSV DEC N KGEIW| : 200
G TAH T2 CRNT K VSGH---—--] HIGEDRY| INTS@ASEVS| : 199

WED)
IED D
DS
N
STRD|

J31R L. M\WRA OO 1Ry RSEAGSEViEPSF LSEFASSES| ATYRAC ] - TADQEN SO T T] : 337
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Fig. 6 Phylogenetic tree of different plant auxin receptor
proteins (TIR1s)
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