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Abstract: Tigernut (Cyperus esculentus L.) is a perennial herb that is native to Africa and the Mediterranean coast. Due
to the shortage of edible vegetable oil and biodiesel in China, tigernut has been emerging as a promising oil crop for its
wide adaptability and high oil production per unit. To promote the development and utilization of this special crop,
EPSPS (5-enol pyruvylshikimate-3-phosphate synthase) genes, which encode a key enzyme targeted by herbicide gly-
phosate in the shikimate pathway for the synthesis of aromatic amino acids, were identified from tigernut as well as
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several representative monocots based on genome and transcriptome data available. Comparative analyses revealed that
(a) tigernut harbors a single EPSPS gene (denoted CeEPSPS) with seven introns as observed in most plant species; (b)
its complete coding sequence of 1584 bp was further isolated using RT-PCR; (c¢) among 514 amino acids encoded by
CeEPSPS the first 70 residues from the N-terminal were characterized as the chloroplast signal peptide, whereas the
peptide from sites 77 to 508 belongs to the highly conserved EPSP__ synthase domain (under the Pfam accession number
of PF00275); (d) compared with the EPSP_ synthase domain, the chloroplast signal peptide is relatively more variable;
and (e) the maturation protein of CeEPSPS was predicted to possess the theoretical molecular weight (Mw) of 47.32
kDa, the isolectric point (pI) of 5.49, the grand average of hydropathicity (GRAVY) of 0.069, the aliphatic index (AI) of
93.76, and the instability index (II) of 31.73, which is similar to other reported EPSPSs and could be categorized as a
type of hydrophilic, acidic, and stable proteins; (f) phylogenetic analysis using deduced EPSPS proteins supports that
tigernut is a Cyperaceae plant within Poales. Further sequence alignment and genome resequencing analyses revealed
that no target site resistance mutations to glyphosate were found in all 56 germplasms investigated in this study. Gene
expression analysis using qRT-PCR showed that CeEPSPS was dominantly expressed in mature leaves and tubers, which
were significantly higher than that in buds, young leaves, senescent leaves, and rhizomes. Additionally, a plant vector of
over-expressing CeEPSPS was also constructed, which would lay a solid foundation for the following molecular breed-
ing for glyphosate resistant in tigernut and other species.
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Tab. 1 Databases, software and related websites used for bioinformatics analysis

B JE /% Database/software M 41k Website 43 HT % Content for analysis
Araport 11 https://www.arabidopsis.org/ IR IT EPSPS K T
Phytozome v12 https://phytozome.jgi.doe.gov/pz/portal.html FER4H B T #
NCBI https://www.ncbi.nlm.nih.gov/ R H B T %
NCBI-BLAST https://blast.ncbi.nlm.nih.gov/Blast.cgi A A& [ S HE X
ORFfinder https://www.ncbi.nlm.nih.gov/orffinder/ FF il S A AE A R
ProtParam https://web.expasy.org/protparam/ & A AR
ProtScale http://web.expasy.org/cgibin/protscale/ 26 7K /B K A T
ChloroP 1.1 http://www.cbs.dtu.dk/services/ChloroP/ SV 20 B 5 A2 Tl
TMHMM 2.0 http://www.cbs.dtu.dk/servicess TMHMM 1S L 258 4 TN
SMART http://smart.embl-heidelberg.de/ (55 455 4 3 P il
InterPro http://www.ebi.ac.uk/interpro/search/ He W T e T
MEGA 6.0 https://mega6.software.informer.com/ 22 51 FU X 2R A B 1) A 7
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gtcacctccactgcatttcttcacctacccaccatctgetetetecttettetacttgtacttaccacctecactteccacactaccaacce
ccaattgagagtccaattcccaccaaatctgacttccttggaaccaggaaccctcacaacagaaacacaacaacaccagctgtcaccgat
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CYATGGCGCARGCGACCATEGCCARAGGEGCTGGAGCCCAGGAT CTACGTCTCCGGCTCARACCTCTCCAGATCTCGCGLCCAGGCCGTCC
i A 8§ 8 R FE B Ki's i 8 EL.R €& R N G G 8 # 5 85 B 6 AN ¥ R A
CCATCGCTTCTTCGCTGCGATTTTTCARATCGGEGT CGCTGRAGETGCAGGRARTGEGEECTCGECETCGAGTAGGGGTGLTGTTGTCAGGG
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CTTCTGTCGCCGCTGCTCCCGAGRARCCGTCTACCGTGCCGRAGATTGTGCTCCAGCCCATCARGGAGATTTCTGGGACCATCAACTTGC
G 8 K 8 &L.'8s N R T E L. & A & & 8 E & T T ¥V VvV D N E E § 8 DD
CTGGATCTRAAATCCCTCTCCARTCGCACGCTTCTCCTTGCCGCACTCTCTGAGGGRACARCTGTTGTGGATARCCTGTTARGCAGCGACG
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DK Ml I" 5§V /P ¥ ¥V E M T I. K3 M E R E G ¥ ¥ E B T D 8 WD
TCGATRRACTARTATCTGTCCCTTACGTGGARATGACCATARARTTAATGGRACGCTTTGGTGTCAGTGTTGAGCATACTGACRAGCTGGG
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Biih ¥ € LA MEOBr BTGl K aw NE T SR AR T ED T ¥ D cGE R GME R TR ER S
GGCCCGACTATTGCATCATCACTCCACCTGAGRAGC TRAARACATAGCAGCRAATAGACACCTATGATGACCATAGRATGGCCATGACATTTT
Lo B A € ol B OB VT TN DRIP G E TR KT FPD Y F DN E QK
CTCTAGCTGCATGTGCTGRAAGTGCCGGTARCTATARATGACCCTGGTTGCACACGCARARCCTTCCCGGATTACTTCGATGTGCTTCAGR
F'if. K ¥ X
AGTTTGCTRARATATTAGacaaattgaggagttcttttteccctaattgtaaccaagaatttaaactagggaggaaaattatatttgtgete
tatgagtaataaattataggaaggtgaattttgcatattgcttgtatcaaagtgtttatcagattggcaataatattgttcatttttgag

REIEFREFREEH IS X, NERFEF RN S'UTR Al 3'UTR, B R R RS HE N 559 CeEPSPSF/R,

WU R 26 375 [ 5 85 2 51 4 CeEPSPSHE/R 4 3 [ 4 S 5 51

Uppercase letters represent sequences of the coding region, lowercase letters represent sequences of S'UTR and 3'UTR, the primer pair
CeEPSPSF/R for gene isolation is marked with the single underline, and partial sequences of the primer pair CeEPSPSHEF/R are marked with

the double underline.
Bl 1 CeEPSPSH£ 1< cDNA R H iR S E
Fig. 1 Full-length cDNA sequence of CEEPSPSand its deduced coding amino acids
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3 BN B ( Phoenix dactylifera ). #i#s ( Elaeis
guineensis ). #%5 ( Ananas comosus) FI#F#£ ( Musa
acuminata ), HAERZIR AR AT —8E 5300
99.40%/99.40% . 90.20%/89.70% . 100.00%/100.00% .,
88.40%/90.90% , FEITELNE = TR ITHY 89.60%/
89.30%; URITH 15 FhEEFHAEY) 1Y) EPSPS

HEEBEH 7T ANET (F 2), 1AM, M NCBI
iR R 4 47 MHT (C. rotundus) £ EPSPS
SERE TR i X 51, Bl KT757585.1( 1545 bp ).
KMO052381.1 (1530 bp ). KM052382.1 ( 1474 bp )
1 KMO052383.1 (1477 bp ), H:5 CeEPSPS f)—Z{
PEAFRIR 97.20% . 97.50% . 97.40%F1 97.10%.
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Tab. 2 Gene structures and protein physicochemical properties of EPSPS genes in arabidopsis and 15 monocots

wp WETHIL CRUEMECR  RRKE o gy WTHE R RRE
Gene Ngmber of quber pf ‘ Length of Mw/kDa ol i€izEi 85 ES
introns amino acids  signal peptide GRAVY Al i
AtEPSPS 7 520 76 47.55 5.15 0.011 93.76 32.79
AtEPSPS2 7 521 77 47.47 5.22 0.032 94.21 32.64
PeEPSPS 7 527 83 47.27 5.22 0.077 94.41 35.46
PJEPSPSL 7 522 78 47.40 5.46 0.047 92.68 31.44
PAEPSPS2 7 522 78 47.31 5.56 0.054 92.68 30.86
EgQEPSPSL 7 522 78 47.32 5.30 0.080 94.41 32.18
EQEPSPS2 7 522 78 47.37 5.48 0.057 93.54 29.90
SPEPSPS 7 456 13 46.86 5.13 0.111 95.96 30.47
AcEPSPS1 7 520 76 47.22 5.30 0.038 91.78 32.54
ACEPSPS2 7 520 76 47.22 5.30 0.038 91.78 32.54
MaEPSPS1 7 518 74 47.28 5.58 0.040 91.80 30.87
MaEPSPS2 7 518 74 47.31 5.49 0.041 92.25 28.38
OsEPSPS 7 515 71 47.41 5.51 0.064 94.86 31.20
HVEPSPS 7 503 59 47.30 5.15 0.094 94.84 30.31
BdAEPSPS 7 510 66 47.43 5.38 0.065 93.96 29.94
SEPSPS 7 511 67 47.29 5.52 0.049 93.78 29.68
ShEPSPS 7 506 63 47.21 5.40 0.087 95.08 30.24
ZmEPSPS 7 506 63 47.23 5.31 0.072 94.20 31.21
CIEPSPS 7 516 72 47.17 5.21 0.065 93.31 32.03
CrEPSPS 514 70 47.26 5.31 0.082 94.19 31.26
CeEPSPS 7 514 70 47.32 5.49 0.069 93.76 31.73
2.3 CeEPSPSERFMEMERFESM IRACA 13 AR, R A S SRR 5 i, HOZ:
23.1 CeEPSPSAMmME G WMEMAFE, B HELSFHEEUECIEHFFIITE. EPSPS ik
Mo AL B AR T MR A WA 1 PR, HEERHEE TR A SR EKIEE

CeEPSPS : [H 4t [X 1) GC T K 49.64% , TH
ity 514 MEHER, KPS ER&EN R Ala
(10.30% ). Gly (9.70% ). Val (9.10% ). Leu
(18.90% ) Ml Ser (8.20% ); WhFATE. smbsl: .
A K Z IR 5 5 10.70% . 11.09% . 22.18%
1 37.16% o W41 it 52 o7 12 5 IR FF 1 A9 AtEPSPS
FE X0 7R, CeEPSPS J& T M4k & i &
H, H N mE 70 MR RE SR, KESH
SIITE Z B R ARE ;s R E RN, B
( Spirodela polyrhiza ) 1 SpEPSPS & W55

R D7 R ER . ANFRE R EE T o M iy W e 1 9
FL, BN HYRRE MUK BRI R R (R
3), TMHMM #1 SMART 43#7 .7k, CeEPSPS J&
5 IR E , L 77~508 ik EPSP A [ 45 44 35
( PF00275, E{H 2.7e-150) ( €] 2); InterPro 434t
Box, HEBESH5FHFHRAERWAEY S K
(GO:0009073 ), HAT 3-BEMRZFHIR-1- R I L)%
B E (GO:0003866 ). HIEELIAMY 5%
JEHE B WG ME (. GO:0016765 ) L K A Ak 1 1
( GO:0003824 ) %4 T IhfE,
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The chloroplast signal peptide is indicated by a wireframe, the conserved EPSP_ synthase domain is indicated by solid arrows at its two ends,
and several known mutation sites conferring resistance to glyphosate are indicated by hollow arrows.

B 2 CeEPSPS ZEHHKI % Fr 5l Lk X4 50 FF 51 HHE
Fig. 2 Multiple sequence alignment and sequence features of CeEPSPS
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AGHT R, BAMGER 3 MRS R:, RIXT
R T AR 1Y) HisAsn  Leu;soVal Fll Asnjs3Asps

&3 SNPHHER
Tab. 3 Distribution of SNPs identified in this study

{755 Site 30 153 210 354 537 556 603 625 639 667 810 867 1008 1218 1224 1227 1419 1464 1515 1524
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Fig. 4 Expression patterns of CeEPSPS in various tissues
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Phylogenetic analysis of EPSPS proteins
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