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QTL mapping and analysis of QTL-environment interaction associated with
two silicon nutrient traits in rice seedlings exposed to enhanced UV-B radiation
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Abstract Mapping of quantitative trait loci (QTL) and its interaction with the environment (UV-B radiation) were analyzed via two
silicon nutrient traits, root uptake to silicon (RUS) and leaf use efficiency of silicon (LUES) in rice RILs population seedlings under
enhanced UV-B radiation. The results show that four QTLs controlling LUES are located on chromosomes 2, 3 and 10. Only one
QTL that controls RUS is located on chromosome 11. Besides, two and three pairs of genotype-environment (GE) epistasis QTL are
detected for RUS and LSUE respectively. Only one of these that controls RUS displays a significant effective value. This indicates
that RUS is more severely influenced by UV-B radiation than LUES. Hence it could be more efficient to use LUES as a genetic trait
in breeding UV-B resistant rice.
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Fig. 1 Frequency distributions of RILs associated with root uptake to silicon (RUS) and leaf use efficiency of silicon (LUES) under
natural (a, ¢) and enhanced UV-B radiation (b, d)
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Tab. 1 Major QTL and their effects associated with RUS and LUES in the “Lemont”/“Dular” RILs and their parents

Trait Environment QTL Chrom. Interval LOD Additive effect  Variance by additive QTL (%)
Root uptake to silicon CK gRUS11 11 RM 286~260 2.81 0.07Y 15.25
CK gLUES3-a 3 RM 231~564 3.15 3.60 9.61
Leaf “S‘zi‘fifcfjﬂency of qLUES2 2 RM 279~424  2.40 356 8.71
uv-B qLUES3-b 3 RM 571~468 3.28 4.25 12.48
gqLUES10 10 RM 171~147 3.98 4.74 15.53
1) ““Lemont”” ““Dular”? 1) Positive and negative value means additive effect from “Lemont”

and “Dular” respectively. The same below.

F2 KBEEFMERMME QTL 5 UV-B ja5H 858 M E/EM AL
Tab. 2 Additive QTL and QTL x environment interactions associated with enhanced UV-B radiation and their genetic
parameters in the “Lemont”/“Dular” RILs and their parents

Trait Chrom. QTL LOD A AEi, AEi HA (%) H?AE (%)
3 gLUES3-a 3.08 2.67 0.68 -0.68 5.15 0.66
Leaf use efficiency 3 qLUES3-b 2.48 2.63 ~1.30 1.30 5.00 2.38
of silicon
10 qLUES10 3.82 3.25 -1.02 1.02 7.63 0.84
H’A  H?AE QTL QTL (AE  AE: CK( ) UV-B QTL

H2A and H2AE indicate the variance by additive QTL and QTL x environment interactions respectively; AEi;, AEi, represent the effect of
QTL x environment interactions under CK (nature sunlight) and enhanced UV-B radiation respectively.

2.3 QTL 2.3.2
UV-B 3 2 , :
2.3.1 3 x
3 2 , , QTL, LOD 3.60 3.21 2.87,
2 x ~1.06 457 -4.41, 7.21%
QTL, LOD 7.29 3.57, 6.81% 8.35%, gLUES6-a  qLUESS-f
-6.47 —0.09, 6.15% 9.54%, UV-B ,
UV-B .4 X QTL,
5 x LOD 528 2.99 2.85 5.40,
QTL, LOD 3.43 4.18 9.51 3.78 ~1.24 324 177 -4.45,
4.27, 0.08 0.11 2.84 0.09 6.03% 8.16% 9.58% 9.84%, gLUES2-¢
~0.09, 7.52% 6.11% 8.15% 5.16% gLUES1l-e qLUES3-i  qLUES4-c
1.25%, gRUS4-b  gRUSS-d 3
: 4 x QTL, LOD
2 516 4.12 6.13, 2.58 -3.60
QTL, LOD 2.57 2.20, -3.07, 9.58% 9.84% 8.47%,

5.28 0.01, 6.15% 8.15%, gLUES3-j qLUES4-d
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Tab. 3 Epistasic QTL and genotype><environment effects associated with RUS and LUES in the “Lemont”/“Dular” RILs and their parents

Trait Er:]\qltiarnotn— QTL Interval QTL Interval LoD Aai Variat:)czjr:att)i)(/ :%t;lls_is((;)f;‘ect of

CK gRUS1-a  RM292~128  gRUS8-a  RM230~408 7.29  -6.47% 6.15
gRUS3-¢ RM 218~563  gRUS4-a ~ RM451~252 357  -0.09 9.54
uifaoﬁe UV-B gRUS1-b  RM220~490  gRUS8-c  RM404~350 3.43 0.08 7.52
tosilicon gRUSI-c  RM490~283  qRUSI-d  RM292-128 4.18 0.11 6.11
gLUS1-e RM529~312  gRUS11-c  RM 260~332  9.51 2.84 8.15
qRUS1-f RM529~312  qRUS3-f  RM282~231 3.78 0.09 5.16
gRUS4-b  RM252~348  gRUS8-d  RM149~502 427  -0.09 1.25
GEY gRUS1-g RM292~128  gRUS8-e  RM 230~408  2.57 5.28 6.15
gRUS1-h RM23~529  gRUS11-d  RM 286~260 2.20 0.01 8.15
CK gLUES3-g  RM231-564 qLUES3-h  RM 168~85 3.60  -1.06 7.21
gLUES6-a  RM541~253  (LUES8-f  RM447~264 3.21 457 6.81
us';e;fﬁ_ gLUES8-g  RM447~264 qLUES10-a RM 228~496 2.87  —-4.41 8.35
C'Sfﬂ%r?f UV-B gLUES2-c  RM279~424  qLUES2-d RM526~213 5.28 -1.24 6.03
gLUES2-e  RM138~498 gLUES1l-e RM332~441 2.9 3.24 8.16
gLUES3-i  RM571~468  gLUES4-c  RM 470~451  2.85 1.77 9.58
gLUES10-b  RM 171~147  qLUES11-f RM286~260 540  -4.45 9.84
GE gLUES3-j  RM571~468  qLUES4-d  RM 470~451  5.16 2.58 9.58
gLUES8-i  RM447~264  gLUES4-e  RM470~451 412  -3.60 9.84
gLUES10-c ~ RM171~147 gLUES1l-g RM286~260 6.13  -3.07 8.47

1) GE ; 2) > , > 1) GE represents genotype >

environment interaction; 2) Positive and negative value means the direction of additive x additive epistasis effect is parent type > recombinant type
and recombinant > parent type respectively.
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Fig. 2 Results of QTL mapping associated with the silicon nutrient trains in rice
= QTL; © QTL; > QTL; > QTL; *

, uUVv-B

m) and =) represent additive QTL and epitasis QTL of RUS respectively; B> and

[> represent additive QTL and epitasis QTL of LUES respectively. “_” means QTL detected under natural light, and the others are detected
under enhanced UV-B radiation.
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