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Genetic Analysis on Flag Leaf Length of Oryza Longistaminata
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Abstract: The flag leaf-related trait is important for the rice yield. The genetic mechanism of flag leaf length in rice was analyzed
to lay a foundation in breeding of new varieties with ideal plant types and improve yield performance. In this study, the F, population
was constructed, using and Balilla (Oryza saliva L. sub sp. japonica; short flag leaves; female) pollinated with the O. longistaminata
(long flag leaves; male). Based on the data of phenotype and genotype of the F, populations in three years, the QTL of flag leaf length
and their genetic effects were analyzed. Ten QTL modulating flag leaf length were detected on chromosome 3, 4, 5, 7, 8, 9, 11 and 12
of rice. Among them, the QTL gFLL9-1 was identified as the major locus, while the other two QTL gFLL4-1 and qFLL11-1 were
newly identified. We further generated a high generation backcross population BCgF, targeting gFLL9-1, and demonstrated this locus
with an important role in the population. These results will benefit for future fine mapping of this QTL modulating flag leaf length, and
the development and utilization of Oryza longistaminata.
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Note: A, Oryza longistaminata; B, Hybrid Fy; C, Balilla; Bar=10 cm.
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Fig.1 The flag leaves of two parents and their F;.
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Table 1 The flag leaf length of F, population in three years.

Ty FRREL SEME £ hREZE(cm) AZ Mg (cm) L1 3 953
Year Number of plants Mean+ SD Range Skewness Kurtosis
2015 186 32.02 + 856 10.17-63.73 0.644 0.800
2016 211 28.37 + 8.11 10.30-55.40 0.560 0.323
2017 196 50.36 + 16.03 21.50-111.33 0.590 0.261
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Note: The horizontal axis and vertical axis shows the numerical classification intervals and the number of plants, respectively. The flag leaf length data are from
2015 (A), 2016 (B), and 2017 (C).

E 2 =FFEFIHKERESH
Fig.2 The frequency distribution of flag leaf length in F, populations for three years
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Table 2 QTL mapping for flag leaf length in F, population

B oy et FRic X [a] LOD 18 TTHRE (%) PIIREEYIA
Locus year Chromosome Marker Interval LOD score PVE Add
gFLL3-1 2017 3 C033245 C036812 5.32 6.24 5.88
gFLL3-2 2015 3 C037749 C0311540 6.11 10.32 2.99
qFLL4-1 2015 4 C044735 C049355 371 721 293
gqFLL5-1 2015 5 C05176 C051419 3.00 4.92 2.62
gqFLL7-1 2015 7 C077260 C0713423 3.92 7.32 -4.73
gqFLL7-2 2017 7 C0713423 C0715287 3.68 3.99 -5.99
2015 7 C0715287 C0716650 4.02 6.11 -4.29
2016 7 C0715287 C0716650 6.81 9.99 -5.35
gFLL8-1 2017 8 082927 C086172 10.53 11.96 6.24
gFLL9-1 2015 9 C0912291 C0914152 9.59 21.28 5.84
2016 9 C0914152 C0916307 13.36 23.93 5.24
2017 9 C0914152 C0916307 14.41 17.30 9.20
gqFLL11-1 2016 11 C115478 C117873 3.76 7.08 -1.94
gFLL12-1 2017 12 C1219828 C1222595 5.53 5.91 -5.81
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Fig.3 Mapping of QTL on chromosomes by molecular markers in three F, populations
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Table 3 An overview of the QTL identified in our study and the previous research.

QTL o3 Frid PN

qFLL3-1 033245 C036812 (Wu et al, 2017; Wang et al., 2012)116, 29]

qFLL3-2 C037749 C0311540 (Wu et al, 2017; Wang et al., 2012)116, 29]

qFLL4-1 €044735 C049355

qFLL5-1 C05176 C051419 (Mei et al 2005)1311

gFLL7-1 CO77260 CO713423 (Z474%, 2010; 4l 4% 2014; Wang et al.,2012)lz’ 29,301

qFLL7-2 C0713423 C0716650 (#4845, 2010: Wang et al., 2012; )lz, 29]

qFLL8-1 082927 C086172 (Wang et al., 2012)1291

qFLL9-1 C0912291 C0916307 (Yan, Jetal, 1999; KXUE%E, 2020; Wu et al., 210172 Jlgng etal., 2010; /&%
7, 2013; W3, 2007)012 15 16:25.26,32]

gFLL11-1 C115478 C117873

gFLL12-1 1219828 C1222595 (A4S, 2020; Wang et al, 2012)115, 29]
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Fig.4 Diagram of advanced backcross population construction
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Table 4  Flag leaf distribution of the population

HER B R P 3E £ FRifEZE (cm) 95%EFIX A (cm) FrifEiR
Genotype Number of plants Mean+ SD 95% confidence interval SE
AA 13 34.74+2.748 33.09-36.41 0.762
AB 37 28.67+1.817 28.06-29.98 0.300
BB 14 26.18+2.278 24-87-27.05 0.609

W AA, BPARBAA AL, AB, JRG KA BB, BalillaZia &R #FHME + i,
Note: AA, homozygous genotype of Oryza longistaminata; AB, heterozygous genotype; BB, homozygous genotype of Balilla, # means + SD.

X BCoF, BEAARIEAT J7 2 R MEAG S . KRB P=0.021, /T 0.05, &7 ZAF M, FIH Tamhane’s 15
BEMER, =R AA FTAB 28, BB fil AB Z[AILL M AA il BB 2 J8] P {5/ T 0.01, 174
WRFEEZES (R 5) o 7 BCoFp FHA P KMES I AR RS (AA) FEAR S I FEAR R AE AR /MEL 5353
39.13 cm A1 31.13 cm, 1% &1 1Ak ES Balilla ZE[FIAY (BB ARG K B AR KA AR /IMEL 4351 29.60 cm Al
21.73 cm, AA FERI BRI R 61K FE (A ME KT BB 3 R AR O KA, %A qFLL-9-1 3 K7
oK s (5, RUARMT QTL WP 4 i rf qFLL-9-1 A2 h s (M mT Sk . i 22 & Tl bk

(AB) &K ENTWE 28], H2E MR TEar (E5) .
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Table 5 Significance analysis of flag leaves between three genotypes of BC¢F,

BHEA (D BHEA (D B D FRAER BEME
Genotype(l) Genotype(J) Mean Difference(l-J) SE Sig
AA AB 6.078** 0.819 0.000
BB 8.567** 0.9759 0.000
AB AA -6.078** 0.819 0.000
BB 2.489** 0..678 0.005
BB AA -8.567** 0.975 0.000
AB -2.489** 0.678 0.005

H: AA, BFAERAIGIEFET, AB, M&EFFEAE: BB, Balillagiai:FEA; *%£/K 001 P<0.05; *# /R P<0.01.
Note: AA, homozygous genotype of Oryza longistaminata; AB, heterozygous genotype; BB, homozygous genotype of Balilla; significant differences are
indicated by *0.01<P< 0.05, **P < 0.01.
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L]
Em 35 oo g ek
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- [ ]
§ % £, .
g e
= 25-] ] .
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L]
20 I I 1
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W AA, FTARBAISHET:, AB, ZGHFEA; BB, BalillaZi&5:F A, **%IR P<0.01.
Note: AA, homozygous genotype of Oryza longistaminata; AB, heterozygous genotype; BB, homozygous genotype of Balilla; significant differences are
indicated by **P < 0.01, *0.01< P<0.05.

Bl 5 BCeF, B # K qFLL-9-1 L mEFE R 58I+
Fig.5 The genotype in gFLL-9-1 and phenotype of BC¢F, individual plants
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