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Functional analysis of Lcye gene involved in the carotenoid synthesis in com-
mon wheat
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Abstract: Yellow pigment in wheat grains, mostly composed of carotenoids, is a main factor for the yellowness of flour and its
end-used products. Lycopene epsilon cyclase (LCYE) is a key enzyme for the carotenoid biosynthesis pathway in wheat. Previous
studies of Lcye gene mainly focused on QTL mapping, gene cloning, and molecular marker development, but its function and
genetic regulatory mechanisms remained unclear. In the present study, in order to further understanding the molecular mechanism
of yellow pigment formation in wheat grains, the function and genetic regulation of Lcye were studied by TILLING to screen the
EMS-mutagenised population. A total of 21 Lcye mutations including six missense mutations, two synonymous mutations and 13
intron mutations were detected consisted from 2491 M, EMS-mutagenised population. The mutation frequency of Lcye in the
population was 1/266.1 kb. Two missense mutations (M090815 and M091648) were predicted to have severe effects on LCYE
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protein function based on PARSENP software. MEME analysis showed that the mutation sites of M090815 and M092230 were
located on the conserved domain of Lcye gene. In F, populations crossing by six missense mutants and the wild type, C2202T
mutation in M090815 significantly reduced yellow pigment content in grains, indicating the mutation played an important effect
on LCYE function. The quantitative real-time PCR (qRT-PCR) results also showed that the expression level of Lcye gene were
significantly reduced, and the decrease trend of Lcye-BI and Leye-D1 expression level was similar during different seed develop-
mental stages, while the expression level of Lcye-A1 exhibited a compensation effect at 14-28 days post anthesis. This study iden-
tified Lcye gene function, and provided germplasms and a theoretical basis for the improvement of flour color traits and end-used

products.

Keywords: EMS; TILLING; flour color; yellow pigment content; genetics and breeding
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Table 1 Primers for screening Lcye mutations by TILLING
Gene Name Forward primer (5'-3") Reverse primer (5'-3') Length (bp)
Leye-A1 A3F-ATR CCACAGTAGCAAAAATTAGTCA TGCTACATTTCACAGTGGTGAA 1450
Leye-A1 ARF-A9R GGTTGAAAGATATCCGTACAAC TTTGGGTAACCGGAAAAAGGTT 978
Leye-BI - B4F-B6R CACCAACCCTGCACAAAGTGCC GGAATATAAGACCACTCCTGAG 578
Leye-DI - D2F-D5R GCTGAGAAGGTACATTCTATCA TTGAACTGGTGCACAAACAACA 437
1.3 10
PARSESNP (project aligned related sequen , , 7 14 21
ces and evaluate SNPs, http://www.proweb.org/pars 28 d , , =80 , RNA
esnp/) DNA , Leye ,
LCYE PSSM -20 ,
10 SIFT (sorting intolerant from tolerant) PCR (quantitative real-time PCR,
0.05 gqRT-PCR) F,
21221 ( 7 14 21
1.4 28 d) Lcye )
, Leye Lcye :
M; > RNAprep Pure RNA (TTANGEN
F, ’ Biotech, ) 7 14 21 28d
F, 2014—2015 RNA,
) 2 m, 25 cm, 20 F, 3 ; PrimeScript RT Reagent
20 (TaKaRa Bio Inc., Otsu, Japan) cDNA,
, F, -20 ; Lceye cDNA
Lcye ( ) , Leye
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A B D ( 2), 72 20, 40 : QAACT
qRT-PCR , (23] , p-actin
, S-actin (AB181991) ;
; : LightCycler FastStart DNA Master 28 d L,
SYBR Green (Roche Applied Sciences, USA) 10 pL,
0.5 umol L™, ¢cDNA 50 ng, ddH,O 3 ,
20 uL 295 10min; 95 155,60 20s + (standard error, SE)

F 2 Lcye ZEEHRY) qRT-PCR 31152
Table 2 Primers of Lcye gene for qRT-PCR analysis

Gene Name Sequence (5'-3")
Leye-all Leye-all-F2 TGACCACYGAATATCCAGTTGC
Leye-all-R6 AGTTTTCTTTGAGGAAACATGC
Leye-Al Lcye-A1-F7 GTTGCTGAGAAGATGCAACGAT
Leye-A1-R7 CAAAGTATCTTGCGGTCCCTTT
Lcye-B1 Lcye-B1-F3 ATCTCCAGATGGACATCGAGTG
Leye-BI-R3 TCCAACCTCATACTCTAGAAGT
Lceye-D1 Lcye-D1-F3 TTGGCCCTGATCTTCCATTC
Leye-DI1-R1 ATATACTACTCGATGTCCATCA
p-actin Actin-F CTGATCGCATGAGCAAAGAG
Actin-R CCACCGATCCAGACACTGTA
F, = /
LOvE ’ 5 , 2 FEREDH
2.1 EMS
AACC 14-50, TILLING , 2491 M, EMS
lg , G 1 21 Lcye ( 3)
1 h; 2823 x g 10 min CEL 1
436.5 nm , , 150 bp ,
3 s +SE . Leye EMS
1/266.1 kb
1.5 LCYE , C
NCBI (national center for biotechnology T 57.1%, G A
information, http://www.ncbi.nlm.nih.gov/) s 38.1%, I T C ( 3
27 Lcye cDNA , 8 , 13
( 1), MEME Suite 5.1.0 (http://meme-suite. (D 6
org/) LCYE , 2 3
2.2
1.6 PARSESNP ,
Student’s ¢ F, MO090815 (C2202T) MO091648 (G3284A) PSSM
Leye 269 27.7,SIFT 0,
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Table 3 Summary of mutations in Lcye identified by TILLING

/

Gene Number of M, plant Exon/intron Nucleotide change Codon change Amino acid change  Zygosity

Leye-Al M091034 Intron C1184T Hom
M091686 Intron C1243T Hom
M091772 Intron C1418T Hom
M092043 Intron C1478T Hom
M092852 Intron C3222T Hom
M090431 Intron C858T Het
MO090631 Intron T1461C Het
M090897 Intron G1068A Hom
M091996 Intron G1575A Hom
M090147 Intron G3073A Hom
MO091648 Exon G3284A GGA—-GAA G392E Hom
M090201 Exon G3306A TTA-TTG L399= Hom

Lcye-B1 M091626 Intron G2406A Hom

Leye-D1 M092404 Intron C2014T Het
M091884 Intron C2017T Het
MO090945 Exon C2086T TAC—TAT Y214= Hom
M092089 Exon C2087T CTC—TTC L215F Hom
M091328 Exon C2121T CCT—-CTT P226L Het
MO090815 Exon C2202T TCT-TTIT S253F Het
M092230 Exon G2195A GCA—ACA A251T Hom
MO091075 Exon G2262A GGT—GAT G273D Hom

Hom: ; Het: Hom: homozygous mutants; Het: heterozygous mutants.
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Fig. 1 Distribution of mutation sites in Lcye

Exons are represented by yellow arrows and introns by connecting lines.
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Table 4 The severity of mutations affecting protein function by the PARSESNP

PSSM SIFT
Gene Number of M, plant Nucleotide change Amino acid change PSSM difference SIFT score
Leye-D1 MO090815 C2202T S253F 26.9 0
Leye-Al M091648 G3284A G392E 27.7 0
2.3 Leye M090815 (C2202T) Leye
6 , ( 2 3),
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Fig. 2 The relative expression analysis of Lcye and its homoeologs in grains of three genotypes in F, population derived from the
homozygous M090815 mutant crossed with the wild-type plant during grain development at 7, 14, 21, and 28 days post anthesis

* o kk 0.05 0.01 Hom: ; Het: ; WT:

* P<0.05, ** P<0.01. Hom: homozygous mutants; Het: heterozygous mutants; WT: wild-type genotypes.
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Supplementary table 1 Information of cDNA sequences of Lcye genes in 27 plant species

GenBank GenBank
Species name GenBank accession number Species name GenBank accession number
Arabidopsis thaliana NM_125085 Physcomitrella patens XM_001753846

Brachypodium distachyon
Brassica rapa
Capsella rubella
Chlamydomonas reinhardtii
Citrus sinensis
Cucumis sativus
Fragaria vesca
Glycine max
Hordeum vulgare
Linum usitatissimum
Malus domestica
Medicago truncatula

Oryza sativa

XM_003569209
XM_009133907
XM_006280236
XM_001696477
AY533827

XM_004157912
XM_004287534
XM_003533727
AK371513

KC565894

XM_008389970
XM _003595195
NM_001049945

Prunus persica
Ricinus communis
Setaria italica
Solanum lycopersicum
Solanum tuberosum

Sorghum bicolor
Theobroma cacao

Triticum aestivum

Triticum turgidum

Triticum urartu

Vitis vinifera

Zea mays

XM_007203578
XM_002514090
XM_004969360
EU533951
XM_006353482
XM_002455793
XM_007012707
EUG649785
GAKMO01004311
GAKL01018490
JQ319637
EU924262

GenBank: https://www.ncbi.nlm.nih.gov/genbank/.



