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QTL Mapping for gCG5 of Chalky Trait in Rice
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Abstract: In order to explore the genetic loci underlying rice appearance quality-related traits, QTL mapping
of chalky grain rate, chalkiness degree and grain type phenotypes in recombinant inbred lines were carried out
based on the three-year phenotypic datasets ( 2019-2021 ). Twelve QTL related to appearance quality traits
were identified. Four QTL to chalkiness percentage were located on chromosome 5 and 6 with the contribution
rates of 3.53%, 18.32%, 13.97% and 5.62%, respectively. Three chalkiness-related QTL on chromosome 5
and 6 contributed to 15.64%, 12.29% and 6.27% of phenotypic variation. Five QTL to length-width ration were
identifed on chromosome 5 and 12 with the contribution rates of 42.56%, 46.75%, 55.50%, 3.86% and 4.30%,
respectively. The genetic interval ( 0.833 ¢cM ) between the markers Marker49932 and Marker160033, where three QTL
qCGP-5-2 , gqCGP-5-3 and gCGG-5-1 of chalkiness rate and chalkiness degree were resided, contributes >10% of phenotypic
variation. The locus in Marker49932-Marker160033 interval is a new QTL for chalky grain rate and chalkiness, which
can be further delimited in a higher resolution and might be of great significance in rice quality breeding.
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Table 1 Variation of appearance quality traits in parents and RILs

SEZR Parent T H R B RIL population

: = ¥ brRifEs IRk e/ BREF(%)  EE i

Trait 3HIZ44 BHIZI  EH L A ME 5 or e
Difference Mean SD Max. Min. cv Kurtosis Skewness

P HREE (%) 437 7.53 3.17 15.40 7.04 37.00 2.00 2.19 -0.085  0.695
Chalky grain percentage
(%) 1.25 3.07 1.82 7.17 3.46 18.00 1.00 2.07 0.08 0.156
Chalkiness grain grade
RIE (KFEH) 2.20 1.70 0.50 1.96 0.15 2.30 1.70 13.07 -1.096  0.041

Length-width ratio

22 1EWRSTE

RIL #A 2019-2021 4F- - B (1) 58 R 3 A 1 1
WA 1, ¥ R RS W FURCRFORE 2 O 1
B30, RIS & TR MR
1%, i& G747 QTL s #r.
2.3 7K#E RIL BEFERIM R mBRTEKAY QTL
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5-3 Tk R 5k 3.53% . 18.32% F1 13.97%, A Fl|
S AR SO VR T ACAR 13HIZ-19, H. gCGP-5-2

S

8

~
(=)

P
Number of lines
3

(953
(=]

—_
(=)

7.00 14.00 21.0028.0035.00

LR (%)
Chalky grain percentage

300 6.00 9.00 12.0015.0018.00
EHE (%)

Chalkiness grain grade

gqCGP-5-3 ¥} 331 QTL; gCGP-6 1t LOD {i 4 2.83,
TUEREEN 5.62% , A F AL A8 Sk I T BEAS 13HIZ-
44,

WA ER 34 QTL, N ¢CGG-5-1.,qCGG-
5-2 F1 qCGG-6, 4 5l fir T 55 55 F 55 6 5 4L {4
& b, 51k R K 15.64% . 12.29% 1 6.27%., H
qCGG-5-1 1 qCGG-5-2 4 R 5531 7% S Bk H ACA
13HIZ-19, HN 5% QTL; qCGG-6 4 F| %5 i 75 5
KEFHEAR 13HIZ-44,

KB AR G 54 QTL, 43 5L T55 5 5 F5E 12
Sk b TTER R N 42.56% . 46.75% . 55.50%
3.86 1 4.30% , 43 F| 40 A8 S0 U FREA 13HIZ-
44, Horp gLWR-5-1,qLWR-5-2 Fl gLWR-5-3 2} £ 3%
QTL,

1.70 1.801.90 2.00 2.10 2.202.30

R (K5t )
Length-width ratio

E 1 RIL#ESINEREAXERORRESHE
Fig.1 Line distribution of appearance quality traits in RILs
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®2 WAIMARFEERMER QTL EfL
Table 2 QTL mapping for appearance quality related traits in rice

N LOD fH DR (%) TR (% )
QTL 4%k X FIGER LOD val PVE Add
4N N N value
PR oTL FRig X A (cM)
Trait Svmbol Marker interval Interval
mbols
y distance 2019 2020 2021 2019 2020 2021 2019 2020 2021
Yy gCGP-5-1 Marker65386~Marker18862 0 2.61 - - 3.53 - - 1.27 - -
(;GP qCGP-5-2 Marker49932~Marker146651 0.833 - 11.68 - - 1832 - - 4.08 -
qCGP-5-3 Marker49932~Marker160033 0.833 - - 8.26 - - 13.97 - - 3.69
qCGP-6  Marker3138707~Marker3368411 0.83 2.83 - - 5.62 - - -1.6 - -
P ¢CGG-5-1 Marker49932~Marker160033 0.833 - 9.72 - - 15.64 - - 1.73 -
CGG
qCGG-5-2 Marker12871~Marker146651 0.626 - - 7.7 - - 1229 - - 1.85
qCGG-6  Marker3226553~Marker3300337 0.415 3.28 - - 6.27 - - -089 - -
B qLWR-5-1 Marker49932~Marker113029 0.415 35.68 - - 4256 - - -0.1 - -
LWR
gLWR-5-2 Marker49932~Marker201637 0.415 - 3977 - - 4675 - - -0.11 -
gLWR-5-3 Marker49932~Marker113029 0.415 - 47.43 - - 5550 - - -0.12
gLWR-12-1 Marker1205955~Marker1270267 0.623 5.83 - - 3.86 - - -003 - -
gLWR-12-2  Marker1284980~Marker1363043 0.831 - 5.75 - - 430 - - -003 -

- ARFRIZAT B2 RN 17 8L 5 A A A 5]
-: Indicates that the corresponding locus of the trait has not been detected in the year; CGP: Chalky grain percentage; CGG: Chalkiness grain grade;
LWR: Length-width ratio; PVE: Phentypic viariance explaned; Add: Additive

Chr5 Chr6 Chr.12
qCG5
P """ T & -~ o o™
0.0 Marker49932 D S SV S S RV G Y Marker3270142 © ©
0.4 S~ Marker141199  ~lmg’ g =) =@ —g‘ =& - 04— Marker3138707 - _8 00 Marker1202973
0.87 Marker160033 %' G G Q¢ Q 5 0.6 Marker3226553 3 O
1374\ Marker137238 -5 % % 8% ¥ T T o Marker3300337 & O
6.5 Marker18862 Ol e o == 1.2 /—\ Marker3368411 97 Marker 1324592
< 10.1 Marker3218347
17.6 Marker156171
20.7 Marker3103850
243 Marker1238621
31.4 Marker210577 326 Marker3319977
39.2 Marker1265277
45.0~] |- Marker224080 414 Marker3156216
497 Marker227498
50.4 N Marker111172 488 Marker1348370
51.8 "= Marker207961 536 Marker3361304
60.5 Marker3246315 58.8 Marker1297693
71.3~0_|- Marker3148813 69.8 Marker1328521 ¢
72.1 5 Marker3257602 784 Marker1284980 o
78.8 Marker1205955 _ & _ =
792 Marker1363043 —§ = §
794 Marker1270267 : B
913 Marker1371541
108.4 Marker1411754

B2 SMUEBERMER QTL EREEK LMD

Fig.2 Distribution of QTLs for appearance quality traits in rice
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