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Abstract The functional rice, as a new and special rice variety, has some special composition to balance and adjust
to the body's physiological functions. So far, Zibaoxiangnuo 1 (ZBXN) is the first functional rice in the world, which
contains natural endogenous genes derived from cultivated rice associated with vitamin A (VA). In the experiment,
we used ZBXN and 93-11 to do reciprocal crosses, and generated F1 generation and F2 population. Through
measuring the VA content of each plant we could analyze the genetic mechanism of the VA trait. Meanwhile we built
arecombinant inbred line (RIL) derived from ZBXN and Minghui 63 by A single pass. Then we structured a genetic
mapping, and mapped the QTLs controlling VA trait in rice and carried out effect analysis. Finally, we mapped three
QTLs about VA trait, this would provide the foundation for fine mapping of genes and breeding some new rice
varieties containing a lot of VA.

Keywords Functional rice; Vitamin A; Recombinant inbred lines; QTL mapping
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Figure 2 Graph of mapping QTL for vitamin a content using
ICIM method
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R2REEN 1 T/WK 63 RIL BEALEER A % QTL A& Ar
Table 2 QTL mapping about vitamin A content for Zibaoxiangnuo 1/ Minghui 63 RIL group

Jetofh QTL %% ALE(cM) Fric X (7] LODfH  TTHR% (%) PR S i B R R YR
Chromosome QTL name Location Marker interval LOD value Contribution value (%) Additive effect ALLELE source
5 qVAS 67 RMI169-RM289  2.82 9.25 -0.76 Kk 63
Minghui 63
6 qVA6-1 32 RM3187-RM3827 5.91 18.95 1.27 EEEH1S
Zibao Xiangnuo No.1
6 qVA6-2 37 RMI162-RM528  2.54 8.99 -0.88 Kk 63

Minghui 63
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Table 2 Time plan for building experimental materials

I ] HE i
Time Task list Site
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Hybridize Zibaoxiangnuo No.1 with 93-11 and Minghui 63 Sanya
2012.6~2012.9 FRIUCEEFEHG 1 581 93-11 IERAL F1 7 T, EFHG S YK 63 F1 AAFP T i B
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Planting hybrid F2 generation from Zibaoxiangnuo No.1/93-11, Zibaoxiangnuo No.1/Minghui 63 Sanya
2013.6~2012.9 FRAE MK T ARG 15 / P19k 63 RI3 X i B
Single seed transfer planting RI3 from Zibaoxiangnuo No.1/Minghui 63 Nanchang
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Single seed transfer planting RI4 from Zibaoxiangnuo No.1/Minghui 63 Sanya
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Single seed transfer planting RI5 from Zibaoxiangnuo No.1/Minghui 63 Nanchang

30 s, WH 35 MEF;72 C 5 min. PCR =¥%H]
8 Yo IR N MBIt s B K IEEAT /3T, FRIKES RE 0.1 %
TR R Yetr, 7R IB/K 5%, 1.5 % NaOH VAV i ()5
MELHTTE -

3IMERPLELESE A SERDN

B R R H [RUSCER R R B T, B
TFHAE T AR T 4 CAME S L E F4L VA
TR, HABIEREBAN R RBA TR, /335
K SR G FIRE SR SR RE KT B AR

A se AR K Ja MR A R A RSN S
PRGBS AR 2 A AR B e (P AR
LN [ 2 bRt 5009.82—2003) 4k & A Kl =
ROHAR v R P IR, Fok 4658 2 TU/00 g, 43 il
EH VT A8 £ vt ot 2 s B ol RV 7 48 2 A ik
ORI 5E %o

34 EEEEHREMSHELEE A HIRHEX QTL EfiL

FRHE P SEAIE R, 435l SR B RIL #F 44 200 4>
F AL AL . XX S8 AT 420 BB, B o
RABEAVEY AT T2 B 4L R 1 QTL IciMapping
4.0 At MAP DhRete g st 4% B3

¥ RIL BERRI4EAE R A & BHIE S58L I B
P 3| —ig, S QTL IciMapping 4.0, #F] BIP
IR ICIM 3T QTL 4347 .

1E& TImk
Ja R P 8 TR B 0 HE 2 A 7 0 SR8

THEMSLIRWT TR PAT N, R P AL 2 58 K dhe
ST, WICHIRR KR S SO TR AN ZR B BRI H 11
BE RAATIN, 47 T L 98 wtH R b 1L R
AN NS 59t SEIR T, BB
AN T o AU 330 B 152 0 [ J die 4 PR SCAS

Brigt

AW E 2K H SRR 2 4:(31360326) FITL P
B ERRHE O T H (2012ACB00500)3: [7] %5 1) .

S 3k

Beyer P., Al-Babili S., Ye X.D., Lucca P., Schaub P., Welsch R.,
and Potrykus 1., 2002, Golden rice: introducing the be-
ta-carotene biosynthesis pathway into rice endosperm by ge-
netic engineering to defeat vitamin a deficiency, J. Nutr.,
132(3), 506S-5108

Brown A.F., Yousef G.G., Chebrolu K.K., Byrd R.W., Everhart
K.W., Thomas A., Reid R.W., Parkin L.A., Sharpe A.G., O-
liver R., Guzman 1., and Jackson E.W., 2014, High-density
single nucleotide polymorphism (SNP) array mapping in
Brassica oleracea: identification of QTL associated with
carotenoid variation in broccoli florets, Theor. Appl. Genet.,
127(9): 2051-2064

Campbell R., Pont S.D., Morris J.A., McKenzie G., Sharma S.K.,
Hedley P.E., Ramsay G., Bryan G.J., and Taylor M.A,,
2014, Genome-wide QTL and bulked transcriptomic analy-
sis reveals new candidate genes for the control of tuber
carotenoid content in potato (Solanum tuberosum L.), Theor.
Appl. Genet., 127(9): 1917-1933



6 Gy TR E (2 i)

Chen G., Gao J.P., Wang G., and Xue J., 2005, Functional char-
acteristics of resistant starch and present situations of re-
searches on its application, Jilin Nongye Daxue Xuebao
(Journal of Jilin Agricultural university), 27(5): 678-700 (%
I, E RIS, TR, B, 2005, HUEE R K h RE R I B
FHRR AR, MK E 2R, 27(5): 678-700)

Englyst H.N., Anderson V., and Cummings J.H., 2010, Starch
and non-starch polysaccharides in some cereal foods, J. Sci.
Food Agric., 34(12): 1434-1440

Harjes C.E., Rocheford T.R., Bai L., Brutnell T.P., Kandianis C.
B., Sowinski S.G., Stapleton A.E., Vallabhaneni R.,
Williams M., Wurtzel E.T., Yan J., and Buckler E.S., 2008,
Natural genetic variation in lycopene epsilon cyclase tapped
for maize biofortification, Science, 319(5861): 330-333

Hable W.E., Oishi K.K., and Schumaker K.S., 1998,
Viviparous-5 encodes phytoene desaturase, an enzyme es-
sential for abscisic acid (ABA) accumulation and seed de-
velopment in maize, Molecular & General Genetics Mgg.,
257(2): 167-176

Liao J.L., Xiao G.Y., Li Y.S., and Li D.M., 2003, Developing
progress and strategy of functional nutritional rice in China,
Nongye Xiandaihua Yanjiu (Research of Agricultural Mod-
ernization), 24(3): 170-173 (BT, H B, ZEA4, 2514
1, 2003, F [ Th §E & FRAEWT FUE L R S 5, AL I
fALHEFE, 24(3): 170-173)

Liu K.Q., 2011, Breeding and genetic analysis of richin vitamin a
functional rice, Dissertation for Ph.D., Jiangxi Agriculture
University, Supervisor: He H.H., pp.65-66 (Xl 7w ¥, 2011,
THEE R A DhRERE I0IE A Kt A 20 dr, 1 22085 VT
PEAE K, F: BU7E4E, pp.65-66)

Liu K.Q., Yang Y.L., Guo L.P., Li M.M,, and He H.H., 2010,
Analysis on combining ability of major agronomic charac-
teristics in two-line special hybrid rice with vitamin A,
Jiangxi Nongye Daxue Xuebao (Acta Agriculturae Universi-
tatis Jiangxiensis), 32(2): 247-253 (X7 ¥, ¥ K, ¥
F, BEE, P, 20108, SYEAER A PIRFF AT
FERZHARIIEC G F1 7007, TV AR R 22224, 32(2):
247-253)

Liu K.Q., Yang Y.L, Li M.M., Guo L.P,, Lan Y.R., Zhou X.H.,
Hu C.Z., Zhou W.H., He H.H., and Zhang Y., 2010, Breed-
ing and utilization of rich vitamin A function rice Zibaoxi-
angnuol, Zhiwu Yichuan Ziyuan Xuebao (Journal of Plant
Genetic Resources), 11(6): 823-826 (X a3, ¥ L, &

F, WP, 2= OCR, AR, $AKR, B0, BUG e, ik
K, 20100, FHEER A DIRERERE AR 1 SIIEHE S5
F, FEIG AL G IR 2AR, 11(6): 823-826)

Liu ZH.,, Li LP.,, Zeng H.Y., Zeng X.J., Ma J.W., and Weng Z.Q.,

2010, Progress of functional rice research today, Guangdong

Weiliang Yuansu Kexue (Guangdong Trace Elements Sci-

ence), 17(12): 13-20 (X4, 22k, G ilgRE, BiEH, 5
A0, HER, 2010, FH N ANDIREVERE KRBT FCHERE, T AR
BILEEHE, 17(12): 13-20)

Matthews P.D., Luo R., and Wurtzel E.T., 2003, Maize phytoene
desaturase and zeta-carotene desaturase catalyse a poly-Z
desaturation pathway: implications for genetic engineering
of carotenoid content among cereal crops, J. Exp. Bot., 54
(391): 2215-2230

Murray M.G., and Thompson W.F., 1980, Rapid isolation of high
molecular weight plant DNA, Nucleic Acids Research, 8
(19): 4321

Paine J.A., Shipton C.A., Chaggar S., Howells R.M., Kennedy
M.J., Vernon G., Wright S.Y., Hinchliffe E., Adams J.L.,
Silverstone A.L., and Drake R., 2005, Improving the nutri-
tional value of golden rice through increased pro-vitamin A
content, Nat. Biotechnol., 23(4): 482-487

Singh M., and Brutnell T.P., 2003, Activator mutagenesis of the
Pink scutellum1/viviparous7 locus of maize, Plant Cell, 15
(4): 874

Yan J., Kandianis C.B., Harjes C.E., Bai L., Kim E.H., Yang X.,
Skinner D.J., Fu Z., Mitchell S., Li Q., Fernandez M.G., Za-
harieva M., Babu R., Fu Y., Palacios N., Li J., Dellapenna
D., Brutnell T., Buckler E.S., Warburton M.L., and
Rocheford T., 2010, Rare genetic variation at Zea mays
crtRB1 increases beta-carotene in maize grain, Nat. Genet.,
42(4): 322-327

Yang Y.L., Fu JR., Liu K.Q., Wang J.L., Yang P.H., Li JW,,
Zhan H.Y., Mao H.F., and Wu T.L., 2013, Breeding and uti-
lization of two-line restoring line "Zihui 07" with vitamin A,
Jiangxi Nongye Xuebao (Acta Agriculturae Jiangxi), 25(4):
5-7 (B EZ, AHEW, X5k, JiEwk, mhe, Fasr, b
MKk, B, RIEAL, 2013, HYEER A PIRIKE R KK
07 Kk & 5 R, AR 223, 25(4): 5-7)

Ye X., Al-Babili S., K1?ti A., Zhang J., Lucca P., Beyer P., and
Potrykus I., 2000, Engineering the provitamin A (beta-
carotene) biosynthetic pathway into (carotenoid-free) rice
endosperm, Science, 287(5451): 303-305

Zhang X.X., Yuan L.F., Liu K., Wei B.H., and Luo L.G., 2007,
Research progress in giant-embryo functional rice rich in
gamma-amino butyric acid (GABA), Jiangxi Nongye Xue-
bao (Acta Agriculturae Jiangxi), 19(1): 36-39 (35, AR
U, XA, BART, 2007, & & v &L T ER(GABA)
B Thae Rt et i, YRk 24, 19(1): 36-39)

ZhouY.,HanY.J,LiZG.,,FuY,FuZY. XuS.T,,Li].S, Yan
J.B., and Yang X.H., 2012, ZmcrtRB3 encodes a carotenoid
hydroxylase that affects the accumulation of «-carotene in
maize kernel, Journal of Integrative Plant Biology, 54 (4):
260-269

Zhu X.L., Che ZM., Xu W., Jiao Y.P., and Xiong H., 2005, The



DNRERPER ARG 1 SYEA R A SRR QTL E AL 7

advancement of the physiological functions and extraction CRFER, IR, 155, £, gedE, p- #HE b R4
technology of B-carotene, Xihua Daxue Xuebao (Journal of it IR EUHOAR B 030, 2005, FOAE K 222440 (H R F

Xihua University (Natural Science Edition)), 24 (1): 71-76 ZERR), 24(1): 71-76)



