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Identification of polymorphism and function
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Abstract ; [ Objective] The purpose of this investigation was to identify the polymorphisms of LCYE gene
and the variation of 8- carotene and carotenoids for understanding LCYE allele function in sweet corns and
providing the reference and basis for biofortification breeding of pro-vitamin A. [ Method] The contents of
B-carotene and total carotenoid were measured by HPLC in 47 sweet corn inbred lines. The whole length
of LCYE was amplified, cloned and sequenced. Association analysis was performed by combining the se-
quences of LCYE gene with the content of B-carotene and total carotenoid. [ Result and conclusion] The
total of 75 polymorphism sites were detected in this study, which included 49 polymorphism sites located
on the non-coding chromosome region and 26 polymorphism sites located on the exons of the LCYE gene.
All these sites on the exons were SNPs and most of them were located on the fifth exon except for the forth
and the ninth exon with a conserved sequence. All 13 detected INDELs located on the non-coding region.
The fragment of these INDELs ranged from 1 to 40 bp and most of them were from 4 bp to 8 bp. Three

polymorphic sites were detected to be associated with B-carotenoid and 6 polymorphic sites were detected
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to be associated with total carotenoid. Exon 1 —2 and exon 5 —6 were found to be significantly associated

with these two phonotypes. The result identifies that LCYE gene is related to the biosynthetic pathway of the

carotenoids and provides the theoretical basis for biofortificated breeding of pro-vitamin A in sweet corns.

Key words:allele; sweet corn; LCYE gene; pro-vitamin A; polymorphism
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1.2 EHE MRWRRSKEN

FEA TP EEA S N R A HC S A DU 34 7 [ Al
REFERF KRR PO E AT KIS PR
BT 5% Egesel %1% 177 W HEAT. R A 185 1 W
FAE TS (HPLC) 2y BSAE SR S04 N RS 4y, T
SR A [ 7 XA AL R B N R & 414
FrE TR A M. HARAE R R E K E
Kl B R A AR S RGN H A BB A R A
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A& h 2 C30 1 (5 wm,4. 6 mm x 250 mm, Waters
chromatography, Milford, MA). % F 45 B e i, i &
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Fig.1 The structure of LCYE gene and the position of sequen-

cing primers
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FF3 5 GenBank %4 J22 A A1 1) LCYE K& K47
SRR PE LA, DL S 5 BT 4R 153 1 DNA 341, >R
TASSEL2.0 F1 /) GLM ( Generallinear model ) & 7 4t
B LCYE FEPRIIN PP B0 AR5 #5540 A e AU R IR 4
PEHEATHRIC — PRIR ) IRIK 0 Ar , 0 2 IR A7 A
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2.1 47T BEERVBRHOERE NZESET

XT 47 R EFOK H A RAFREIH S N R &5
TEIT TIE. 45 R (R 1) EKHL4AT it ok AR
A B-HE MR RASEAIEIME A 0.88 pg - g7,
TSR R 0.02 ~4.48 g - g~ R RN 1.04; 2K
TS N Z BB N 28.94 pg - g7 AR IR A
1.44 ~75.98 pg - ¢, A8 S RN 0. 54, A [m) He B
B g - % NRAMEKINE MR EEAEDEE
S AT AT EORh B - THE P RMSKHE PR
FHEFE NS,
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Tab.1 The content of B-carotene and total carotenoid in 47 sweet corn lines

w/(pg-g')

R 5 B-HW%E PR SEHE PR bR B-W%E PR BT PR
AO1 0.33 £0.00 17.61 £1.12 A25 0.78 £0.28 24.25 £2.41
A02 1.09 £0.07 28.16 £4.03 A26 0.66 +0.03 32.87+2.13
A03 1.34 +£0.10 23.76 £0.70 A27 0.37 +£0.22 14.65 +2.82
A04 0.22 +0.00 11.06 +2.73 A28 0.46 +0.03 23.56 +3.90
AO5 4.48 £0.00 75.98 £2.02 A29 0.31 +0.02 18.49 £1.77
A06 1.86 £0.13 60.62 £5.34 A30 0.44 +0.09 21.48 +1.44
A07 2.17 £0.32 39.05 +0.54 A31 0.41 +£0.03 23.49 £1.05
AO8 2.13£0.40 33.36 +1.62 A32 0.43 £0.01 24.86 £0.13
A09 0.68 £0.05 5.81 £0.04 A33 0.56 +0. 14 57.58 +2.13
A10 0.91 +0.22 7.46 +1.94 A34 0.06 +0.01 19.89 +0.45
All 0.66 £0.01 20.33 £0.97 A35 0.06 £0.01 18.70 £2.56
Al12 0.98 +0.13 25.78 £1.04 A36 3.14 +0.36 40.05 £1.52
A13 0.53 £0.01 26.00 +£2.80 A37 3.69 +0.23 67.18 +3.34
Al4 0.65 +£0.03 21.27 £3.44 A38 0.41 +£0.01 29.80 £1.42
Al5 0.50 £0.03 25.90 £0.75 A39 0.42 £0.02 25.18 £1.33
Al6 0.65+0.01 26.14 +1.78 A40 0.63 £0.02 30.96 +1.63
Al7 1.75+0.03 31.81 £2.59 A41 0.62 +0.06 25.12+1.12
Al8 0.72 £0.00 44.63 +3.78 A42 0.66 +0.06 22.10+0.62
A19 0.48 +0.02 42.45 £2.98 A43 0.44 +0.03 15.80 +£0.63
A20 0.17 £0.01 20.97 £2.28 A44 1.14 £0.05 36.65 +1.28
A21 0.46 £0.09 24.79 £0.73 A45 0.33 £0.06 24.88 £2.05
A22 0.84 +0.19 40.36 +2.94 Ad6 0.04 £0.04 3.09+£1.80
A23 1.02 +0.23 50.59 +2.17 A47 0.02 +£0.01 1.44 +0.21
A24 0.64 +0.18 54.02 £3.91 ¥E 0.88 +0.92 28.94 £15.85
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ATGCGTGAAA GCACCACGTC ACTGTCACTG
GTGGAGAGTG GACACTCACG GCTCACGCCC

2.2 47 REHREXRSE LCYE ERNEREESE R L
S

ATCCACGCCG CGTGGGCCCI GTGCCAATCC

121
181 GCCTCCCCGG CCTCTCGTGT CTCGTCGTCT
Z T MGETT, 47 4y B oK) LCYE JE[A 3t 241 CHGOCAAGTC CTCTOCCCTC TCTTOG00GE

R ) 75 > 2NN S, PR AES 1 210 JhE X

LRGN F] 26 > ZAMEAL A, 32 SNP, P25 60 bp
*ﬁ?ﬂ]’]@] I AZEMALR(£2). 55 PR TFXEZEME
s A 84> SNP i 5,55 4 FI%E 9 4h T C
AL RSP R B .

xR2 LCYEERNEFFINESESHEDH
Tab.2 Polymorphic locations within exons of LCYE gene

GGGGCAGTTG GCGGAGGTAA GGCCCTGAAG
TGGAGCCGAC GCGTTGGCGG ACCGAACGTG

ACGGCRGCGG TCGGGGCGGC AGTGGGCGTG

GGCG GCGAGCTGCT MTACGTGCAA
TCCAAGATCG CTTCCAAGGT GATTAGATTG
TTTGTTCTAG TGATCGTGAT TAACGTGTGA
TTTCTTGTGC TGGTATTTGG AGATTTACAT
AATATTACCT TTTCCGGTAG AAAATTAAAA
1 ATACTGCACG TTTCAATATG AACCACGTTG

1021 ACATTGACAT AGTTTGCCCG TTTGTAAATG
1081 TCATGAGAAA ATGGCAGTAC CTCATCAGGA
Indel2 (ATCGTGA)

1141 GTGAGAACAA ATACTGCTCA CGTACTTATC

ACACGCGGGA CGGGCAGCGC AGCCGGAGAG
CCGGCGCCCT CCTGAAAATG CGAAAACCAT

AAAACCGCCA CGTGCCATAT CCGGTGATAC
CCCTCTCCCT CCACAACGGC ATAGCTGCAG
CACCGCCGAC AAATAACCGC CGCAATTCGA
GTGAGAGTGA GAGCCCGAGG AGGGGGTGGC

1" exon
MGGC TCTCGGGCCC GACGATCTCG GCGCCGCTCG GCTGCTCGCGT GCTGCGGTGC

GCGGACGCGG AGAGGTGGCG GCGGGCGGGA
AGGTGCGTGG CGACCGAGAA GCACGACGAG

GABTTCGCGG ACGAGGAGGA CTACCGCAAG

ATGCAGTCAA CCAAGCCCAT GGAAAGCCAG
CTAACACTAA TTTGCTAATC AGTTTTGGAG
AGGAAAAAAT AAATTATAGG TTTCGCCCCC
GATGGAATCC AGAACATCAT GCACCTACTG
GAAAACATAA CCAATGTTTA GGGCACGAAA
TCCTGCAGCC GTACTTCACC TGCGTTGACA

Indel l (TCGL,CTAGCGGTAGGCAA&,\JCGTTTCACCTTCCTGGCTGG)
961 GCTACAAGGA TGTTCACTGG AAAGCAGGGT GATTTTGCAT TCTAGATGTT TCGAGCCAGT

TATGTAAATT AAATATTCTG GAAATGCATT
ACTGTCATAA CACTAAATCT ACTGTGATTC

TGGACTATTC TAACAAGATA AGCCAGTTAT

HINEF FAIK ZENEEE AN SR 1201 ACGAACTACA GTGCCAGGCA GCACATTAAT TAACGACCGT TGTTTTTTTT GTGCGCACTA
1261 GTTCCTTACA TTGTATGAGT ATGACGGTAG CTTGTAATGT TGCCTGATCA CACAGTAATG
Ist 315 4 SNP 1321 TTGAGTTCTC TGGATTGTAC ACGCATGAGC CATGTCATTT CCAGTCGAAT GTCAGTGCTG
Indel3 (GCGCTAGE)
2nd 172 ) SNP 1381 ACTTGCTATA ATTTGAGCAG TCAAGTGGAG TACTCTAGCT AGGCACAGGC AATTCCTCAA
n Tnde 14 (GTATGTTGACTGCACAGAACAGAAGAGCTTCCT) Inde 15 (TCAATA)
1441 AACCTGGATA ATTTGTATAG TGCCATTTTT TCCCCTTCTG TATCAATACA AGTTGAGCAT
3rd 136 2 SNP 1501 ATCTCCTGCC GACCGTTAAA AAAAACAGCA GAGCTTCAAA TGGAGCCTTT GTGCCATTAT
1561 TATTTTTCTA TGGAATACGT GGGCGATAAA CTATGCAGCC CACCAGCGCT ATCCTTATTT
4th 214 0 SNP Indel 6
1621 TTTCTTCATA AAAAAACTAT TTTGCTTCAG GGOGAGGTAA CCAATTTTCA ACTTTACATG
5th 144 8 SNP 1681 GOATCAGTCT TTTTTTATAT AMAAAAGTGC TAACAGTGTA TTCTGTGTTT GTATGTTAAG
2* exon
1741 GAAAGTTAAC TGTGGTCTTA TGTTGTGTTT GCAGCTATCG CCCATATCTG ATGAAAATAC
6th 108 4 SNP 1801 AGTCCTTCAT TTGGTTATCA TTGGTTGTGG TCCAGCTCGT CTTTCTCTAG CTTCAGAGTC
7th 97 1 SNP 1861 MGCTAAGAAA GGTCTCACTG TAGGTCTCAT TGGECCTGAC CTTCCATTCA CAAATAACTA
1921 TGGTGTGTGG GAGGATGAAT TTAAAGGTAT TCTGTTATTT GCTTGTTGAA CGCAGAGTGC
Sth 129 2 SNP 1981 CTGCATAACA TCTCTGTCAG TGTCAGCCCA ACTTAACATG ATGATATATA CTTTTTTTTC
3™ exo
oth 133 0 SNP 41 TCTCGTCTAC TGTCCAGATC TCGGTCTAGA GAGCTGTATC GAGCANGTCT GGAAGGATAC
t 2101 TATTGTCTAG CTAGACAATA ACAAGOCGAT ACTGATTGGG CGTTCTTATG GCAGGGTGCA
10th 166 3 SNP 2161 CCGTGACTTG CTCCATGAGG AGCTGCTGAN AAGGTAAATC TCCATGTATC AATATTGGGA
2221 CTCAGAAGTA TCTTTTCCAT GCATGGTGAT GTATAATATA ATTGACGAGT AGCAACACTT
4™ exon
2281 GAATAATTCG CAGATGCTAT GAATCTGGCG TGACATACCT GAACTCCAAA GTGGACAAGA
e LCYE E: N AE dmbtd X SRR 3] 49 4~ L2854 2341 TCATAGAATC TCCAGATGGA CACAGAGTAG TCTGTTGTGA CAAGGGTCGC GAGATAATTT
N IR
2401 GCAGGCTTGG CATTGTTGCT TCGGGGGCAG CATCTGGTAG GCTTCTAGAG TATGAGGTTG
o S A A A B A 2461 GGGGTCOCCG TGTTIGOGTG CAGACTGCAT ACGGAGTAGA AGTTGAGGTA CACCAAGACT
'fi)‘f'\ ,:Figﬂ 94 bp *MUH“@J 1 . &{)ﬂﬂiﬂ E/‘J 49 5”3% 1 7 (AAATTT)
2521 CAAGAATCTG TTCTTTTTTT TTTGTTATTG CTTGGACAAA TTAGACAGAC CAGTTTGCTC
A3 A4 L
T IX g 2 A S 2 13 4 Indel £ 25, FHop | In- 2581 AATAAGTCTC TAGTTGAMAT TTTCAATATA TCATITATGT CCTACATGTT CTTATTICA
del 12 J&HRZF R Indel 6 4~ Indel A4 A 5 FH4E 2641 AAACTGTTIG ARRATTTCAG GRCGAAAATA ACCCATATGA TCCTAGCTTA ANGGTTTICA
2701 TGGACTAC GGAAT TCTCACACAN TGAAGAAGAA AATCCCAGTT
A [R), SE 2 1 N1 Indel F BRI
JPAIRIE], e 2 1 1 A5 0L, A Bt BE A 2761 TCCTGTATGC TATGCCCATG TG GAGTTTTCTT TGAGGTCGGT ACAGAGTTTT
yonsr e 30 =) . 2821 TGTTACCTCT GTGATTAAGC AACCCGCGCT TCCCATCAAA TTCTCAAAAT TTGTGACTAA
1 ~40 bp 2 [, KHEZE 6 ~8 bp Z FIAY Indel J3 22,35
2881 ATACCTTATC ACAGGAAACA TGCTTAGCTT CTAAAGATGC TATGTCTITT GATCTACTTA
. /_\“ M2,
7 A B I 2 Y Indel BB 50% (3£ 3 FIE
2941 GGCT GATGTATCGG TTGAACHCGA TGGGAATTCG TATHCTGAAA GTTTATGAGG
3001 AGGTAAGAGG GTCTACAATT CTTAATTCTC ACACATTATA TTCTGAAGAT TAACTGAAAT
2) . ZVELL S AR B AR AT il 7% exon
3061 GTTCTTGGTT TAAGGAATIGGchi:Téx%TX:C%GATTGGAGG GTCCTTACCA AACAGAGATC
nde 3
&3 LCYE EER Indel ZMALE 3121 AGAAAAACCT TGCATTIGGT GCTGCAGCAA GTATGGTGCA TCCTGCAACA GGTACAATTC
Tab.3 Indel vol b ¢ LCYE 13(1181 TT?ATTT;I‘TT GCACACCAGT TTCCTCCTAG CATATATTGA CAATGTTTCA CAAAATACAT
. n morphi i n nde TATA 8™ exon
a el polymorphic sites o gene 3241 AGGGTACTCA GTGGTCAGAT CTTTGTCTGA GGCTCCAAGA TATGCTTCTG TGATATCGGA
V=% 2= A A i AL 55/ bp 3301 CATCTTAGGA AATCGAGTTC CTGCAGAATA TATGCTCGGA AATTCHCAAA ANTACAGTCC
3361 ATCAATGCTT GGTAAGCATT TTTCTGGTAT TTATTCAAGT TGGTTGGTTC GGTTCTACTG
- 9™ exon
Indel 1 TCGCCTAGCGGTAGGCAACGLG 993 3421 TGTAAAGGTT CAGACAAGTA AGCGAAACTA TTATAATATG ATGTTTCAGC ATGGAGAACA
3481 GTGTGGCCTC AAGAGAGGAA ACGCCAACGA TCCTTCTTCG TTTTCGGATT AGCGTTGATA
TTTCACCTTCCTGGCTGG 3541 ATCCAACTGA ATAATGAAGG CATACAAACA TTCTTCGAAG CCTTTTTCAG GGTGCCGAGA
3601 TGGTAGTCGC ACTTTTTACC CTGTTTCAGT CGGTCTTCAG AGAAATTCAG TGCCCTGAAG
Indel 2 ATCGTGA 1 144 10 exon
3661 GCTACTACCT CCATAATGTT TTTTATAACA CCACTATTCT TCCTTGAACA GGATGTGGOG
3721 AGGATTTCTT GGCTCGACGC TTTCATCCGT GGATGTCATA CTATTCTCAT TCTACATGTT
Indel 3 GCGCTAGG 1423
Indel 4 CTATGTGACTGCACAGAA- 1 453 3781 TGCGATAGCI CCAAATCAAT TGCGAATGAA CCTTGTCAGE CATCTCCTCT CTGACCCAAC
41 TGGCTCATCC ATGATCAAGA CITACCTGAC CTTABNAAC CATTTGCACC AGGCTGCAAG
CAGAAGAGCTTCCT Indel 10
3901 GCTGCAAGAA CTCTTAGAAA CTGTACAGTT TTGTAGTTGT ACATAAGTTA GAGAGGATCT
Indel 5 TCAATA 1488 3961 GGGGGGTTAC TTGGCGGOGG ATCTAGGGGT TIAG(éAGfAﬁP (GCTATAA)TAC ACTGTAAATC
nde CGIGTTG
4021 TTTTATGGTT GCTATGGTGA TTGGATAGAG AAGCACACCG TGTTGTGCAT GATGGAAGAA
Indel 6 TTTCAACTTTACATGGCATCA 1 665 Indel 12 (1)
4081 TAATAAGAGA GATGAGGTGA TGGTCAATGG TTCCTGCATT GGOCAATTTT AGGTTGCATT
Indel 7 AAATTT 2K 2 PP
4681 CGGCGCCT]C:'I;) (%AAATCGTC? TCCTCCACGT GGOOGTCCAT TACCACACGA CCCGTACGTC
GGCCGTAG
Indel 8 GACGA 3176 4741 GTTCATCTCG TGTACCCATT TOGCCAGTGC AGCAGCAGCA GCTGAGCTCT GGTTTGCTTG
Indel 9 TATA 3241
Indel 10 CCTGCAAG 3 900 i’%*élé?ﬁg%%ﬁ)\/ﬂ% ,Indel EEE‘J%&?%’%R?@}\/@%% E/‘JJL/Q
K.
Indel 12 T 4120 -
\ S < EL
el 13 GOCCTAC 4753 2 47 GYEEROK B 4R e LOYE JER L 10751 5
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Fig.2 The variation of LCYE gene in 47 sweet corn lines
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R, 5 IR K LCYE 5807 R 225 M K TR o b 29

FIHY 13 4> Indel A 6 PEEHAES 1 Hh R T FI% 2
22 8] 696 bp [YIX IS A, 111 SNP {37 s 75 8 4~ 5k
DL A A A X EE R E 2.
2.3 LCYE ERZEMMAAIIIRED T

TN KB LCYE KN 5 81 1 2 25 PR 7
MAHEA A PR R I 2 [A) H A A Y R, A
G IEREVRSE F R R R LA L, PEAT o e Sk [ 5 R
FEIRA IRAMT. Forkn, AR GE R 43 BTk U T 2
CARFF AL AL R AR A I B 0K A ZE AR Y LCYE A
FPBI LERF 45 R AR S 1 DL SOk 28 [ 52 R 520 )G 5
21 RIHHFRATEIR B - L N AL N R
R 3 A TASSEL 2%, f# il GLM (Gen-
erallinear model ) #8Y YEF 7G4, 24P <0. 05 BFA
2 AL IS T 23 M R B fELAT A I ORIk I
RIE 7 A5 B - P RMAEENHE b RA B
RIR I Z AL A 5 g - 8% b S AR AL
A3, G R MR R Z BN
B 6 . exon 1-2 Fll exon 5-6 X 2 7 & [R5
B - NERMEIEHE bR AT B KK, Exon
1-2 535 2 PRSI A TR BE SR BN 235, 23531 m] i
BB -8 MR 13% B FRBVE S AAEA R A P 15%
MR (£ 4).
4 LOVEERSTHAAS - AE MEMBLSS b

SREMXEKOMN
Tab.4 Association analyse of B-carotene, total carotenoid

content and polymorphic sites of LCYE gene

PR ZMERLR P R
B-WE FE  exonl-2 0.000 4 0.13
exon 1-4 0.034 2 0.03
exon 5-6 0.001 7 0.04
BRWY MK exon 1-2 0.000 3 0.15
exon 2-2 0.043 2 0.01
exon 5-6 0.002 0 0.06
exon 5-8 0.022 1 0.04
exon 6-3 0.010 4 0.02
exon 6-4 0.0358 0.05
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