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Functional analysis of the key carotenoid biosynthetic genes
PSY1, LCYE and CrtRB1 in sweet corn
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Abstract ; [ Objective ] To identify the polymorphisms of functional markers for the key carotenoids biosyn-
thetic genes PSYI, LCYE and CrtRBI in sweet corn and their effects on the contents of carotenoid for a
better understanding of the functions of these genes so as to provide a reference and basis for bio-fortifica-
tion breeding of pro-vitamin A. [ Method] The contents of carotenoid components were measured by
HPLC in 47 sweet corn elite inbred lines. Six functional markers for PSYI, LCYE and CriRBI genes were
synthesized and amplified to detect the genotypes of these lines. The effects of single gene haplotype and
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joint haplotype were analyzed using the functional polymorphic sites of PSYI, LCYE, and CriRBI genes

together with the carotenoid content variation. [ Result and conclusion] The polymorphism was detected in
5 functional markers except for indel4 for CrtRBI. The haplotype with Indelland Indel4 for PSYI could
explain 14. 81% of the zeaxanthin content variation and 13. 00% of the total carotenoid content variation.

The haplotype with 5'Indel and 3'Indel for LCYE could explain 15. 77% of B-carotene content variation,

20.75% of pro-vitamin A content variation and 15.92% of the total carotenoids content variation. No sig-
nificant effect was detected in the haplotype of CrtRBI. The joint haplotype of PSYI, LCYE and CrtRBI
could explain 37.20% of B-carotene content variation, 40.71% of pro-vitamin A content variation and

41.11% of the total carotenoids content variation. The joint effect of PSY1, LCYE and CrtRBI was high-
er than that of single gene. PSYI and LCYE genes are important in the biosynthesis of carotenoid. Their

functional markers can be used in the molecular-assisted selection and provide a theoretical basis for bio-

fortification of pro-vitamin A in sweet corn by breeding.
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TR SEER A BN EEREEYZ—,
HAFRALS 5 FhFB RS PR o MK B-
A N R BB M R A EOR B JEEA R A
PR o R R OR B IR LR N R R
AN K SRR, SRR Bl SRR
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TR B RE B SR R 30% ~ 60% . 1 4)
SR b R I R R AR AR M O B IR Y T
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AR B T R AMRL, HORIR 2 A R B AE W] 22
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FHIEARHR]. A4S B F R BB ot 3 A Bk PR 5 B
RARFSE , TR G55 21 RAEF R AIER S ST
g ML SRR R SRAE X T J TR TR T[] — A L HORE
3K, EER R GIRAF T 4 CUKAH.

1.2 EHE MRAYRIRSEN

A IREA b R 4R IS R 4 7 o E A
REFEEREABR B P OLEEHRT. KHE PR
REUT 5% Egesel % 177 95 PEAT. R 5 W
ML (HPLC) ' A B ke S 2R 8 | R 45414,
SETFAMREED M [ 7 R RE S 8 N R
oy AT AL BT, HARRE b E Ol R 2 [
FEABR PO AL A IS RSN H A B A
A A7 ) 2001 Simzdu #4E R S5, €35 FE ) [ AH YMC
KA FME C30 A F (5 wm x4.6 mm x 250 mm)
( Waters chromatography, Milford, MA). > F % FF it
JBE, L 2 mL - min ™' BRI LE 30 °C R i
K5 450 nm.

1.3 DNA RYRERR £ Zik 5

TRBIWCE AR A& B S R Ao, ok ek
B CTAB JE4R U 5L 414 DNAM 5 £ 418y
JEOGEE T £ DNA ¥R B2 FAR X 2652, ] 1 x TE 4%
DNA FiBE %25 ng » pl™', F -20 CUKF T RAEA
. 8987 Tag DNA B4 B . ANTPs , Buffer , MgCl,
B LAY TREARA ], 5149 i R
RAEELY/ES S /NI RS D
1.4 5|#K% PCR Rk F

T 388 FOK I PSYI LCYE F CriRBI 1
S IMUE By 3k B F3CHk [9, 11, 15 ]  ARWF5R
PEFH PSYI R A ) Indell 1 Indeld | LCYE 3 [H 1Y
5'Indel F13'Indel }, CrtRBI F:[R 11 Indeld F1 3'TE {3f
AT AR HT (R 1)

PCR JZ ¥ 7 PTC-100™ PCR ¥ | 5% A, ) W S 1A
ZH920 pL Hrp KRB LB 4 DNA 50 ~60 ng,
10 x PCR Buffer (£ Mg**)2. 00 pl,25 mmol « L7
dNTPs 0.20 wL,2 U + wL ™' Taq B 0. 50 wL, &Fp5]
YRRk B A 30 ng + pL™', ddH,0 12.30 pL. PCR
PR N 94 CHIZEH 5 min; 94 °C 1 min 55 C
1 min.72 °C 1 min, 35 NMEH; & )5 72 C F-LEf#
5 min. A[E]H 51 Y99 1E IR SR A
1.5 Sito#hr

K Agilent 1200 (0, 35% ¥4 A i 1 5% F0 43 A
HPLC fIESS R, UL 172 (BB it + o2 P 3R)
+ B MRS ENEAER A RS E,S Fd5n
SN S MRS PCR YIG4E R S KB-T 4
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Tab.1 The sequences of primers for haplotype analysis of

PSYI, LCYE and CrtRBI genes

B teicamE SIMERR FHFEI(s —3)
PSYI Indell YCIF AGACATCACACACACACGACAC
YCIR GTAACTCACCAGGCTCACTTGT

Indel4 YI-1F TCCACCACAAGAAGATGC

YI-IR GACGTCGTAGACCTTCTGC
LCYE  5'Indel CAU3F1 CGCTAGCAAGCCCATTATTTTTA
CAU3RI CGTTGTCCTGCAGCCGTACTTCA

3'Indel LCYE3SF  ACCCGTACGTCGTTCATCTC

LCYE3SR  ACCCTGCGTGGTCTCAAC

CriRBI  Indel4 CrtRB4SF  ACCGTCACGTGCTTCGTGCC

CrtRB4SR  CTTCCGCGCCTCCTTCTC

3'TE CrtRB6SF  ACACCACATGGACAAGTTCG
CrtRB62R ~ GTGTTCATGGGCCAGAGTGT

2 #R5HH

2.1 WMEXRMBHEPE NESET

XT AT i EOK A 2 RFLAIFFRI R B D R4S
AT HIE R ITEE R (F22) R E R
R TR S BRI B3R ORI B- e
BT -1 MR B-B N, R S LA
0.99 ~43.52 0. 31 ~19.07.0. 07 ~35.48 .0.03 ~3.85
F0.04 ~4.48 pg - g ', WIH SN BN 15.83 .7.43
4.28.0.52 F10.88 pg - g . MAKEIE N EHMHE N
28.94 pg - g, SRIEHE N 1.44 ~75.98 pg - g7,
I H S B IR EAN2E 52. 7 5, 48 57 R EGK 0. 548 5 4
A A PRI N 3.282 g - g AR RYE IR 0. 07 ~
22.75 pg - g EFRBGE 1. 867, S S AR ME
HH22307. 5 5, Hod AS Fi1 A37 4 R A TS
BET 15 pg g™
2.2 EPE M ERERXBEEANREERESH

TEFRHEA T A5 8 56 58 (I D RE AR i PSYT JE A
1) Indell F1 Indeld . LCYE &A1 5'Indel F11 3 'Indel A%
CrtRBI &A1) Indel4 1 3'TE th, U CreRBI F:H 11
Indeld RAE 47 (3 TR T R0 H 2808, i
5 AFRICHI ARG 2350k, ZLH PSYI 1) Indell Al
Indeld 5 2L BT F KK o R OK B RN B 8
NER & R A OC, B Indell il Indeld 37 55 41 5 Y
FARERL ST H AT R EOK B BB S P R
RIS S (1) 14. 81% F113.00% (£ 3).
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Tab.2 The average values of carotenoid components and pro-vitamin A contents in 47 sweet corn inbred lines
w/(pg - g")
ERE k) MR TR B B pR BHE PR BAERAW  BEE MR
Al 6.12 £0.06 9.54 £0.17 1.56 £0.00 0.05 £0.00 0.33 £0.00 1.14 £0.00 17.61 £0.23
A2 11.52+£0.31 12.89 +0.48 2.49 +0.02 0.16 £0.00 1.10 £0.01 2.42+0.03 28.16 +0.83
A3 13.43 £0.03 5.58 +0.03 1.84 +0.03 1.56 £0.02 1.34 £0.02 3.04 £0.05 23.76 £0. 14
Ad 4.63 £0.064 5.31£0.75 0.86 £0.00 0.04 £0.00 0.22 £0.00 0.67 £0.00 11.06 +1.39
A5 15.89 +0.23 19.07 £0.21 35.48+0.03 1.06 £0.01 4.49 £0.00 22.76 £0.01 75.99 +0.42
A6 35.60 £0.66 11.74 £0.24 7.57+0.12 3.84 £0.06 1.86£0.03 7.57 £0.11 60.62 +1.10
A7 19.00 +0.23 10.63 +0.08 6.57 £0.11 0.68 £0.02 2.17£0.07 5.80+0.13 39.05 0. 11
A8 13.14 +0.79 8.21 +0.43 9.31+£0.38 0.58 £0.00 2.13 £0.08 7.07 £0.27 33.36 +0.75
A9 1.64 £0.01 0.56 £0.00 2.87£0.01 0.05 +£0.00 0.68 £0.01 2.14 £0.00 5.81£0.01
Al0 2.01£0.15 0.83 +£0.06 3.65£0.14 0.07 £0.00 0.91 £0.04 2.77 +£0.12 7.46 £0.40
All 8.56 +0.07 8.60£0.11 2.47 +0.02 0.04 +0.00 0.66 +0.00 1.92 £0.01 20.33 +0.20
Al2 11.78 £0. 11 9.98 +0.04 2.98 +0.04 0.06 +0.00 0.98 £0.03 2.50 £0.05 25.78 £0.22
Al3 9.27 £0.28 13.62 +0.28 2.50 £0.02 0.07 £0.00 0.53 £0.00 1.82£0.01 26.00 +0.58
Al4 7.12 £0.26 11.03 £0.43 2.41 £0.02 0.06 £0.00 0.65 +£0.01 1.89 £0.01 21.27+0.71
Al5 9.87 £0.03 12.49 +0.04 2.94 £0.08 0.10 £0.00 0.50 £0.01 2.02 £0.05 25.90 +0.15
Al6 12.35+0.34 10.01 +0.01 2.89 £0.00 0.24 £0.04 0.65 £0.00 2.22£0.02 26.14 +0.37
Al7 13.49 +0.50 12.51 +0.44 3.73 £0.01 0.34 £0.00 1.75+£0.01 3.78 £0.00 31.81+0.95
Al8 32.96 +0.60 9.16 £0. 18 1.46 £0.00 0.33 £0.00 0.72 £0.00 1.62 £0.00 44.63 £0.78
Al9 32.85+0.94 8.34 +0.27 0.65 +0.01 0.13 +£0.00 0.48 £0.00 0.87 +£0.01 42.45+1.23
A20 15.76 £0.38 4.40 £0.09 0.49 £0.00 0.15+0.00 0.17 £0.00 0.49 +0.00 20.97 +£0.47
A21 10.85 +0.08 10.34 +0.16 3.01 £0.06 0.14 £0.00 0.46 £0.02 2.03 £0.05 24.79 £0.15
A22 28.09 £0.58 5.39 £0.11 3.91£0.18 2.13£0.11 0.84 £0.04 3.86+£0.18 40.36 £1.02
A23 34.91+1.00 10.69 +0.31 3.60 £0. 10 0.37 £0.02 1.02 £0.05 3.00 £0.11 50.59 +1.48
A24 42.44 +1.13 9.48 +0.41 1.22 £0.05 0.25 +£0.01 0.64 £0.04 1.37£0.07 54.03+1.63
A25 11.74 +0.20 4.52+0.20 6.53 £0.52 0.70 £0.05 0.78 £0.06 4.39+0.23 24.25 +0.91
A26 13.68 £0.20 7.96 £0.41 9.60 £0.15 0.97 £0.03 0.67 £0.01 5.95+0.08 32.87 +0.44
A27 6.59 +1.35 5.47 +0.38 1.50 +0.27 0.71 £0.12 0.38 +0.05 1.48 +0.24 14.65 +1.41
A28 16.21 £0.59 4.63+0.22 1.73 £0.04 0.53 £0.05 0.46 £0.01 1.60 £0.00 23.56 +0.80
A29 8.59 £0.14 6.67 +0.68 2.74 +£0.15 0.18 +0.03 0.31 £0.00 1.77 £0.09 18.49 £0.36
A30 11.04 £0.71 7.25£0.02 2.22£0.07 0.54 £0.10 0.44 £0.02 1.82£0.11 21.48 £0.92
A31 17.51 £0.16 3.25+£0.06 1.60 £0.01 0.73 £0.00 0.41 £0.01 1.57 £0.00 23.49+0.22
A32 18.81 +0.09 3.27 £0.02 1.62 £0.03 0.74 £0.01 0.43 £0.00 1.61+0.02 24.86 +0.03
A33 43.52 +0.26 9.33 £0.09 3.17 £0.08 1.00 £0.02 0.56 £0.03 2.64 £0.06 57.58 +0.44
A34 16.51 +0.06 3.01£0.02 0.22 +0.01 0.09 £0.00 0.06 £0.00 0.22 £0.01 19.89 +0.09
A35 15.12+£0.48 3.14 +£0.04 0.27 £0.00 0.11 +£0.00 0.06 £0.00 0.25 £0.00 18.70 £0.53
A36 12.61 £0.37 8.47+0.23 15.44 +0.24 0.39 +0.02 3.14 £0.08 11.05 +0.20 40.05 +0.93
A37 24.13£0.16 8.00 £0.08 29.95 +£0.37 1.41 +£0.03 3.69 £0.05 19.37 £0.25 67.18 £0.69
A38 21.14+0.29 6.35£0.05 1.55+0.04 0.35+£0.02 0.41 £0.00 1.36 £0.03 29.80+0.29
A39 18.12 +0. 14 5.23+£0.07 1.00 £0.04 0.40 £0.02 0.42 £0.00 1.12 £0.03 25.18 +0.27
A40 19.59 +0.23 8.33+0.09 1.31£0.01 1.10 £0.00 0.63 £0.00 1.84 £0.01 30.96 +0.34
A41 16.85 +0.08 5.84 £0.08 1.37 £0.04 0.44 £0.02 0.62 +£0.01 1.53 £0.04 25.12+0.23
A42 7.99 £0.03 8.89 +0.07 4.38 £0.07 0.17 £0.00 0.66 £0.01 2.93£0.05 22.10+0.13
A43 5.88 £0.06 6.22 £0.06 3.11 £0.00 0.14 £0.00 0.44 £0.01 2.07 £0.01 15.80 0. 13
Ad4 25.01 £0.26 6.59 +0.03 2.84 +0.01 1.07 £0.02 1.14 £0.01 3.09 +£0.01 36.65+0.27
Ad5 16.89 +0.53 5.20 £0. 16 2.18 £0.12 0.28 £0.01 0.33 £0.01 1.56 £0.08 24.89 +0.83
A46 2.06 £0.24 0.89 £0.12 0.07 £0.01 0.03 £0.00 0.04 £0.01 0.09 £0.01 3.09 £0.37
A47 0.99 £0.02 0.31 £0.01 0.08 £0.01 0.04 £0.00 0.02 £0.00 0.07 £0.00 1.44 £0.04
®3 MEARBXZFEH PSYI EE Indell 71 Indeld (Y BERIZN 5347
Tab.3 Haplotype effects of Indell and Indel4 for PSYI gene in sweet corn inbred lines
BfERL Indell  Indel4 n w/lpe-g )
e ' R FAF B B PR BHEMR O BAERAE  BERME PR
00 0 0 3 18.45 +6.48 7.09£1.25 2.3420.79 0.85+0.65 0.5320.16 2.1220.87 29.26 +2.57
10 | 0 4 16.32 +1.56 7.78 £0.57 4.61 +1.08 0.52£0.10 0.95£0. 14 3.52£0.69 30.18 £2.38
01 | | 2 1.58 +0.54 0.60 +0.29 0.07 £0.00 0.04 £0.01 0.03 £0.01 0.08 £0.01 2.27+0.82
P 0.124 0.029 0.576 0.434 0.311 0.503 0.048
R*/% 9.04 14.81 2.48 3.73 5.16 3.00 13.00
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TR 11 S B N R A ALy A A TR
P E T HAAE A (R 4) . B CrnRBI () I 6ERR
IC3'TE FEEH S PR KBS MRS
Y RAGTI (R S).

B[N LCYE (¥) 5 Indel 13" Indel 437 45 41 514 #ALA%
PRGN Bk I 2 3 A Bk S L AR 33K S AR B K
AT -1 R AR R A DAL E I

IR TS 1Y 15.77% \20.75% F1115.92% .

>N

x4 WMEKRBRFRP LCYE EEH) 5'Indel 0 3'Indel B EBIZLR 534

Tab.4 Haplotype effects of 5'Indel and 3'Indel for LCYE gene in sweet corn inbred lines

‘ w/(pg-g”")

R Indell  Indeld N - = " ; et
B Inde nde n HEE TRER BHak R B N E B N & BHEZAPR BEHE MR
00 0 0 3 13.08£4.77  8.06+2.25 2.05+0.86 0.24 0. 10 0.79 £0.48 1.94+0.94  24.22+6.61
01 0 | 41 15.66 £1.62  7.00+0.54 3.65+0.80 0.45+0.08 0.79 +0.12 2.83£0.52  27.54%2.19
11 | | 3 20.84£7.95  12.69£3.45 15.09£10.31  1.81+1.03  2.26+01.18  10.72+6.24  52.70+16.22

P 0.636 0.039 0.011 0.001 0.023 0. 006 0.022

R*/% 2.04 13.76 18.44 25.78 15.77 20.75 15.92

x5 WMEKRBXZERED CrRB1 EEK 3'TE BERKM ST
Tab.5 Haplotype effect of 3'TE for CrtRB1 in sweet corn inbred line
) . -1

WEE 3T wipg g ) R
UEE B3 Vi Bl R ellBhE BHEPR BERAR BRIE K
0 0 35 16.59+1.93  6.93+0.69 3.68 £1.02 0.57+0.13 0.80 0. 14 2.93£0.67  28.58+2.84
1 1 12 13.60 +1.61 8.87£0.68 6.01£2.42 0.38£0.12 1.12£0.32 4.31£1.56  29.99+3.83

P 0.391 0.129 0.300 0.412 0.308 0.344 0.794

R*/% 1.64 5.04 2.35 1.500 2.31 1.99 0.15

2.3 XA PSYI LCYE 1 CrtRB1 Hy B {ERI R 53 47
XF R PSYI (LCYE F1 CreRBI 33547 34 H ) 6 &
PSR AT, 3 N 5 A2 A MERRIC SR £ 8
FPA A 5 2, FE2H B 3K G B R0 A% B I v R
MR IIR WK, 3 AT R B DR
erE R A PRSI SRR 1 37. 20% |
40.71% F141. 11% . Hrp BERI“101107 (2580 % |
REHD PAEE R A RS e T HA AR (%
6) . 5 B PRIRLON AEAH L , 28 PR ) B0 75 B 7R B 408 it
TR £ B A7 38 AU AR S b 25 488 vy X AN [ A AR A et

B B-TAE R iR A RMERHE N REES
Bk B, FE R ) A R B AR RE 1 B8 D R
wRMAR S W PSYI FEH M 5. 16% (LCYE FE[H )
15. 77% F1 CreRBI 3R] 2. 31% 42555 37.20% , 4
AR A PRSI DR SR ok 0y e K (E
20.75% F1 15.92% ( LCYE & [R) #5588 78 1)
40.71% F141. 11%. W] Wi, PSYI .LCYE Fl CrtRBI 3t
PRI B AR R 4 AR 2 A RS A — 2 i R
YERT,3 ANk B B AR B, 270 9 38 R0/ T 187 B i
RN B2, 5 PR (B A A A AR RN

%6 FENXKEZZES PSY1LLCYE 71 CrtRB1 £ F 5 MFR MBS SIS RIS 447"
Tab.6 Joint haplotype effects of 5 functional markers for PSYI, LCYE and CrtRB1 genes in sweet corn inbred lines
\ PSYI LCYE CriRBI w/(pgg™')
B ket i el 3T MR FRER  B-BER - N B-WENE O HEEAE MR NE
00000 0 0 0 0 0 1 21. 14 6.35 1.55 0.35 0.41 1.36 29.80
00010 0 0 0 | 0 20 17111099 7.46£2.08 273118 L.09£1.04  0.59:0.25 2.50:1.36 28.99+11.38
10000 1 0 0 0 0 2 9.00£4.43  8.91£3.60  2.30+1.43  0.19£0.15  0.9£0.77  2.23:1.56  21.43£10.38
10010 1 0 0 1 0 2 17414222 6.6:0.65  2.85£0.50  0.47:0.08  0.69+0.10  2.35:£0.34  28.02:+2.59
10011 1 0 0 1 1 I 1383174 9.02£0.73  6.36£2.63  0.37:0.13  1.18£0.35  4.54£1.60  30.76+4.10
10110 1 0 1 | 0 2 25.74:9.85  15.41£3.67 21.53:13.95 2.45:1.39  3.17+1.31  15.16£7.59  68.30£7.68
10111 1 0 1 1 1 1 11.04 7.246 2003 0.536 0.443 1.823 21.49
11010 1 10 1 0 2 1.53+0.54  0.6£0.29  0.08£0.00  0.04£0.00  0.03£0.01  0.08£0.01  2.27£0.83
P 0.327 0.003 0.009 0.001 0.008 0.003 0.003
R*/% 17.7 40.79 36.46 43.38 31.20 40.71 4.1

1) $UA375 00000 1 10110 7EABFFE MY REM LG — 1 B 2R
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Bl A 00 KT R e, A8k B G T £ 1Y
B IR AR Fif oS — PP A oK, R
JEBACUR, FL T AT 20 S A LR 3R R
mn JT A, L R BRI S LE A R R e
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SEPT R E Y 87 (il K H A R KT N K&
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4 I3 A B4 43 1) 0. 449 F1110.298 pg - g7 ' AR
76 2 0.016 ~ 1.726 F1 0.096 ~ 22.495 pg-g .
Harjes 2517 X} 204 38 Fok IS RMIKHIE MR G &
AT TIE , KB B-tH 2 N XSRS MR ED
KA AETEE 7 0.06 ~13.6 F15.5~6.6 pg - ¢~ it
FRAIBFFE 40, Kurilich 257 K0 1 44 438 K A0
e FOK ASCR B NEFEISEAE N R 5L
HAS S 0.07 ~7.64 F10.15 ~33.11 pg - g~ A&
WL 47 (oK AR AR R B B-EH 3 N &R
TSP 0. 88 pg - ¢, NE A 0. 02 ~ 4. 48
pg - g, BRI N R TR A B Yy 28. 94
pg g ASIE R 1.44 ~75.98 ng - g AR A TR
SR M N 3. 282 wg - g7 L ARSI 0. 07 ~
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A B B-FAEE N RS E N RS BRI T
YeA=R A VERHT L.

FoRPgEAER AR AR ROA KRR, £
KA PRG3R 1 % ek &
KAy TFAmic il B B 25 T 3 al, FIH 248508 £
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378 bp 1) Indel FI%5 5 4b I F 1) —A> SNP 4351 v fif
B 7% F1 8% (1 S 8 | 2748 5. Babu 2577 3 ]
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fiff p-i % NRFLEIEHE D E TS| HIHm 2 ~ 10
£, LCYE JE T REARic il F: 30 a1 88 D /8-
B NEIE 0 ~30% S Ange sk & A W& .
AMWFFE T, BRI PR A RIRIN 43 B R PSYT JE R 1Y)
Indell FI Indeld {37 g5 FJ A ¢ 5 K 0 03 FHLGL 2860 38 |
ZEFAAS Y 14. 81% 1 13.00% , LCYE H:[H
(1) 5'Indel 1 3'Indel BAAERY S35 0] i RE B-HH S N2 |
AR R A PSS N ERRAE R 15.77% |
20.75% 1 15.92% , 1fij CrtRBI £ 3' TE 7E 25
B NEAU R ARRI B 2 . BT 3
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o3 YR 5 KO o il AT i ke p-iH 8 R 4R
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R e, 5 B RO (B AH L, S R [RGB 7
RERS A BRI 25 A A AR 53 B S 4R . SRl A I At
FEAHEL, PSY1 1 LCYE 45 ) 4557 3 PR 76 35 3 £ K A1
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