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Main and epistasis analysis of QTLs for tolerant to high Cu’*- stress
at seedling stage of rice ( Oryza Sativa L.)
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(1 College of Agriculture and Biotechnology , Zhejiang University , Hangzhou 310029, China;
2 Chinese National Center for Rice Improvement, China National Rice Research Institute, Hangzhou 310006, China)

Abstract: The recombinant inbred line (RIL) populations derived from Zhenshan 97B/Miyang 46 (ZS97B/MY46) and
their genetic linkage maps were employed to map QTLs controlling tolerant to high Cu®* stress at the seedling stage by
culturing the seedling in two concentration of Cu?* (100 mg/L and 200 mg/L) on the sand medium. After 20 days of
treatment, the relative root length (%) and relative seedling height (% ) was measured as index for tolerant to high
Cu?* stress. The results indicated that a total of four main effect QTLs were detected under high Cu®* stress. Two were
significant for the relative root length, gRCC(1)6 (100 mg/L) and gRCC(r)9 (200 mg/L), the other two were signifi-
cant for relative seedling height, gRCC(s)1 -2 (100 mg/L and 200 mg/L) and gRCC(r)6 -1 ( 200mg/L). The posi-
tive allele were distributed in both the parents. A total of eight pairs of epistasis were detected for tolerant to high Cu®*
stress . Two were for relative root length; the other six for relative seedling height, indicating that epistasis were important
genetic basis for the tolerant to high Cu®* stress at the seedling stage.
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fHRFIWT QTL AFFES T, I PERNL T _E AL 3R
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2.1 EHME G’ BERA

RIS R FH, SER Co?* a8,
fE 100 mg/L Cu®* Ji 38 B, B\ R AR KK
78.5% M 76.9% ; A HE A 85.5% F1 80.8% . T
7E 200 mg/L Cu®* 8 B, B A2 A AH X AR < U o 3]
61.4%H1 57.4% ; AHM B R WED] 72.4%F 75.2%
(FE1), RUREE GO IRERHRE, DCERMEHE
KEZMEEF UM ME; & Cu® M E X AR H
BEHRES KT HMEEM.

B 1EH,RIL R R B X AR Cu* W B #Y 8
RMEZEFEK. AFEE MY RN ERER
HESER HARESBEERT. 4 Q’* H 100
mg/L B ,RIL HEMETRKEE 76.6% ,EF A
23% KR R EAREF T R BKF; MdamEs
T 82.9%,HF 2 16% ¥R K H = 5 R BAHL,
BEE Cu®* Bl ¥R BE AN K, X RIL AR F1 8 8 30 1 72
Ed i, 7 200 mg/L Cu** B, RIL BEfEM X R K
R REFRRB 58.8%, MM ERmEREERERD
72.5% 2 WE, KBNS BE,EXF
BERNHBERENRR CETHEZEKT S
REAEFEE,

#®1 Zill 97B/¥ A 46 HWFEM RIL EH/ R E Co®*
BB TR SR ER
Table 1 The tolerant to high Cu®* stress at the seedling
stage of parents and RIL populationderived from ZS97B/MY46
Gt HR BAWOTB 46 RIL Bk
(mg/L)  Trait ZS97B MY46 RIL population
100 RRL 78.5+3.2 76.9+2.6 176.6+19.3
RSH 85.5+2.2 80.8x2.8 82.9+10.7
200 RRL 61.4%£2.5 57.4+3.3 58.8+21.2
RSH 72.4+2.6 75.2+x2.8 72.5+11.2
¥ (Note) : RRL—#H3F#14& Relative root length; RSH—#1 X} # #5
Relative seedling height; T [F] Same as follows.
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E1 Zil97B/ZPE46 RIL ERRE C* B THEMERERSHE
Fig.1 The distribution of tolerant to high Cu’* stress at the seedling stage of the ZS97B/ MY46 RILs

FH 46,

VAR B 0 o HR bR, W R BT 2 4~ 3408 QTL,
Bl gRCC(s)1-2 (%5 1 e fk)# gRCC(r)6-1 (55 6
RBfR), Ko, gRCC(s)1-2 12 F Cu®* s b
e BT T A B, Hhn O e, B
BEEFE R B FZl 97B. qRCC(r)6 - 1 BAE Cu?*
(200 mg/L) B 38 B I8 K W 2, b o B N -
2.69% , HMEHERE FTHM 46, BB FTH R R
6.40% .

&2 il 97B/% MM 46 RIL HHH B Co?* Bl QTL hnid¥ iz
Table 2 QTLs showing significant additive effects for tolerant to high Ci** stress at the seedling stage of ZS97B/ MY46 RILs

Cu?* Mtk oL Rfafk X ja] LOD{H  fndesmy TR
(mg/L) Trait Chr. Interval LOD score A; (%)
100 RRL gRCC(r)6 6 RG138 —RM253 3.51 5.80 9.07

RSH  qRCC(s)1-2 1 RGS532 —RMS1A 2.58 2.35 5.33

200 RRL  gRCC(r)9 9 RM242 —RZ12 2.63 -5.45 6.37
RSH  qRCC(s)1-2 1 RG532 —RM81A 3.78 2.91 7.48

gqRCC(r)6~1 6 RM253 ~— RZ667 2.50 -2.69 6.40

1) A;, Additive effect,i. e., the genetic effect of the putative QTL when a paternal allele was replaced by a maternal allele;

2) Hi;,Relative contributions to the phenotype variation due to A;.
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Fig.2 QTLs for tolerant to high Cu?* stress at the seedling stage of ZS97B/MY46 RILS
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2.3 HHWE G BNER QTL LSRN A #H
R0 AR W B W AT R o’ BhaE A9 x
PEEMHETEESM(ERI ME2). H, UMHEMEREK
St tRnt, W B 2 35, B 100 mg/L Cu®* B8 T8
M3 1 X[ gRCC(r)2-2 T qRCC(r)5 ], BRITERE
59 8.74% ; 200 mg/L Cu®* B8 T WA E] 1 X [gR-
CC(r)2-1 MqRCC(r)3 1, ERTMEN 9.10%; X

M EENRANFAREERTEANE E,

DAAR N B R D AR e, R A W B 6 X B E
fE,4 % & 100 mg/L C?* BB KB RN, B &8
B TR K 29.07% ; 2 X2 200 mg/L Cu®* 38
REHREND, RRBTMREN 17.85%. ATA
WoKBEREE co?* i, KT aES
BRHEEEM.

#3 il 97B/% M 46 RIL HHW & Co’* BhE QTL LI R
Table 3 Significant digenic interactions for tolerant to high Cu®* stress at the seedling stage of ZS97B/ MY46 RILs

C?* 1&13& QTL, X A o1, X [H] LOD{H  Efrte#m® FaRz?
(mg/L) Trait Interval Interval LOD score AAy Hjai(% )
100  RRL gRCC(r)2-2  RZA01 —RZ318 qRCC(r)5 RG182 —RG413 3.74 5.70 8.74

RSH gRCC(s)! -1 RZ543 —RM1  gRCC(s)2 RM262 —RZ717 5.86 3.63 11.19
gqRCC(s)1 -3  RG229 ~RG406 ¢RCC(s)1 -2  RM20 —RG81 3.17 -2.63 5.88

gRCC(r)6 -3 A37 —RZ140 qRCC(s)8 RZ617 —R1394 6.99 3.01 7.70

gRCC(s)7 RZ721 —RG650 gRCC(s)10 RZ811 —RG561 3.93 2.25 4,30

200  RRL gRCC(r)2-1 RG634 ~RZ512 qRCC(r)3 RZ613 —RG418A  4.18 6.55 9.10
RSH qRCC(s)5-1  CDO0348 —RG480 gqRCC(r)6-2  BIOB —A37  -15.74 -2.93 7.38
gRCC(s)5-2 RG119 —RG346 gRCC(s)10-1 RM258 —RZ811 5.22 -3.49 10.47

1)AA;: Additive x additive episatic effect; Positive value, parental type > recombinant type; Negative value, parental type < recombinant type.

2) Hjy: Relative contributions to the phenotype variation due to AA;.
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