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Early Seedling Stages in Rice
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Abstract: A double haploid (DH) population including 120 lines derived from a cross between indica rice (Oryza sativa L.) TN1
and japonica rice CJ06 was used to detect quantitative trait loci (QTLs) for 10-trait relative values of alkali damage at germination
period and early seedling stage under 0.15% Na,COs stress. Correlation analyses showed that alkali damage rate in germination
period (ADG) had significant positive correlation with relative germination energy (RGE), relative germination rate (RGR) and
relative germination index (RGI), and alkali damage rate at early seedling stage (ADS) had significantly correlation with relative
seedling height (RSH), relative root length (RRL), relative root number (RRN) and relative seedling dry weight (RDW). ADG and
ADS can be used as evaluation indexes of alkaline tolerance in rice. By using QTLNetwork 2.0 software, 14 additive QTLs and
13 epistatic QTLs controlling the tolerance to alkali were mapped. Two main effect QTLs were detected in same region,
RM251-RM3280, on chromosome 3, and three main effect QTLs were mapped between RM3286 and RM1279 on chromosome 7.
Epistasis analysis showed that some epistatic loci, like RM1-RM1195, RM1358-RM290, RM1279-RM505, and RM1246—
RM519 on chromosome 1, 2, 7, and 12 respectively were important under alkali stress, included two or more epistatic QTLS, in-
dicating that the QTLs displayed their effects through different ways of interaction. Among the key loci under alkali stress one
may be pleiotropic or some closely linked each other. Comparing QTLs with those found in other researches, some alkali resis-
tance QTLs were likely to be in the same region with some salt resistance QTLs. A presume was made that QTLs in this article
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might include two types, one for resistance to ions (K* or Na*) stress and other for resisttance to high pH stress, the latter may

play an important role for tolerance to alkali. Many rice varieties have different resistance QTLs for alkali stress; we can pyramid

them through marker-assistant selection to breed varieties suitable to growth in saline-alkalized land.

Keywords: Rice; Alkali stress; Quantitative trait locus; Double haploid population
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Table 1 Relative alkali damage rate for 10 traits in two parents and their DH population
Parent DH DH population
Trait 06 1 t
CJ06 TN1 t-test Mean Max. Min. SD Skewness  Kurtosis
RGE 19.95+2.83  2.04+2.89 6.27" 30.90 94.12 -13.33  25.68 0.46 -0.71
RGR -1.04+1.47  1.00£1.41 1.41 -0.77 38.10 —63.64 9.61 -1.24 2.78
RGI 5.35+1.79  1.58+1.32 2.40 7.78 39.01 4725  10.63 -0.99 7.81
RSH 6.39+2.56  23.94+0.96 9.07" 10.16 50.74 -31.36  14.93 -0.05 0.17
RRL 15.80+2.80  34.46%3.61 5.77 31.21 78.15 -55.14  32.93 -0.67 -0.12
RRN 2.19+1.47 30.46x2.67  13.117 11.39 59.09 -31.75 17.48 0.27 0.29
RDW -3.85#0.32  -9.17+1.03 6.97" -4.12 13.83 —27.21 7.40 -0.50 1.25
RVI 11.374#4.10  25.15+0.06 476" 17.10 69.15 —24.97 16.35 0.09 0.63
ADG 8.08#1.05  1.54+1.87 431" 12.64 49.11 -36.96  13.20 -0.02 1.81
ADS 5.13#179  19.92+1.59 8.74" 12.16 40.34 -20.05  12.13 -0.05 -0.34
- 0.05 0.01 (toos = 4.30, too1 = 9.92)

“and ™": significantly different at 0.05 and 0.01 probability levels, respectively (toos = 4.30, too; = 9.92).

RGE: relative germination energy; RGR: relative germination rate; RGI: relative germination index; RSH: relative seedling height;
RRL: relative root length; RRN: relative root number; RDW: relative seedling dry weight; RVI: relative vigor index; ADG: alkali damage rate
in germination period; ADS: alkali damage rate at early seedling stage.
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2 DH
Table 2 Correlation among relative values of alkali damage in DH populations

Trait RGE RGR RGI RSH RRL RRN RDW RVI ADG
RGR 0.241"

RGI 0.697™ 0.823"

RSH 0.105 0.029 0.026
RRL 0.061 -0.087 -0.090 0.481™
RRN 0.082 0.015 0.022 0.331™ 0.304™
RDW  -0.113 -0.191 -0.186 -0.209"  -0.299™  -0.370"
RVI 04777 0.440™ 0.559" 0.838™ 0.338" 0.272"  -0.262"
ADG  0.895™ 0.644™ 0.938" 0.082 -0.008 0.062 -0.174 0.575™
ADS  0.086 -0.073 -0.073 0.720"  0.885™ 0.609™  -0.243" 0.545" 0.016
T 0.05 0.01

“and ™" mean significant correlation at 0.05 and 0.01 probability levels, respectively.

RGE: relative germination energy; RGR: relative germination rate; RGI: relative germination index; RSH: relative seedling height;
RRL: relative root length; RRN: relative root number; RDW: relative seedling dry weight; RVI: relative vigor index; ADG: alkali damage rate
in germination period; ADS: alkali damage rate at early seedling stage.

22 QTL QTL, 14 8 9 12
: ( 3 1
3 06/ 1 DH 8 QTL
Table 3 QTLs for relative value of alkali damage of 8 traits in DH population of Chunjiang06/TN1
1) P
Trait QTL Marker interval Genetic distance” (cM)  P-value  Additive effect (A)  H?(A) (%)
RGE gRGE10 RM467-RM271 0.0 <0.0001 -9.29 6.59
gRGE11 RM1812-RM5599 0.9 <0.01 —6.33 4.15
RGR gRGR7 RM3826-RM1279 0.0 <0.01 -2.83 4.72
RSH qRSH4 RM3471-RM307 4.0 <0.001 4.20 8.21
qRSH6 RM454-RM528 9.0 <0.001 4.75 7.03
RRL gRRL3 RM251-RM3280 0.0 <0.0001 -16.86 15.10
qRRL7 RM3826-RM1279 6.0 <0.01 8.90 10.11
RRN gRRN1 RM1-RM1195 5.0 <0.0001 -14.50 11.78
gRRN2 RM450-RM5472 8.0 <0.0001 8.96 15.80
gRRN5 RM5642-RM6972 1.0 <0.0001 7.19 9.08
RVI gRVI3 RM3280-RM282 0.0 <0.0001 5.69 5.21
ADG gADG10 RM216-RM467 12.0 <0.01 -3.14 4.79
ADS gqADS3 RM251-RM3280 0.0 <0.0001 -5.05 14.85
gqADS7 RM3826-RM1279 0.0 <0.0001 6.80 11.28
v QTL

Y The genetic distance between QTL and the left marker interval where QTL is located.
RGE: relative germination energy; RGR: relative germination rate; RSH: relative seedling height; RRL: relative root length; RRN: relative root
number; RVI: relative vigor index; ADG: alkali damage rate in germination period; ADS: alkali damage rate at early seedling stage.
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Fig. 1 Locations of main effect QTLs for relative value of alkali damage in the DH population of Chunjiang06/TN1
1)
Y The number of arrow head on the same locus indicatse the detected time of this locus in the epistasis analysis of different traits.
RGE: relative germination energy; RGI: relative germination index; RSH: relative seedling height; RRL: relative root length; RRN: relative
root number; RVI: relative vigor index; ADG: alkali damage rate in germination period; ADS: alkali damage rate at early seedling stage.
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RM3280~RM282 , 5.21%, ( 4, 1)
TN1 1 QTL, )
1 2 QTL, QTL
(JADG10) 10 , QTL 2 1 1
QTL(gADS3 gqADS7) 3 7 13.37%
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gADS3 , CJ0o6 1
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21.25% QTL 2
QTL 21.08%; QTL
gRRL3  gADS3 3 2, 21.35%, 6 2
(RM251~RM3280), gRVI3 ; JRGE10 (RM539~RM527 RM527~RM3) 12
gADG10 10 7 RM1246~RM519 1
RM3826~RM1279 QTL
12 1 , 1 RM1~
QTL(gRGI7 gRRL7 gADS7) RM1195 2 RM1358~RM290
2.3 QTL 7 RM1279~RM505 2
13 , 12 RM1246~RM5199
QTL, 5 9 10 4 QTL
4 06/ 1 DH 9
Table 4 Epistasis effects for relative value of alkali damage of 9 traits in DH population of Chunjiang06/TN1
1)
Trait Chromosome  Marker interval Chromosome  Marker interval PFvaIue Epistasis” (AA) H?(AA) (%)
RGE 7 RM1279-RM505 12 RM1246-RM519 <0.001 7.83 8.80
RGR 2 RM207-RM48 11 RM21-RM3428 <0.01 3.72 9.62
RSH 1 RM1297-RM1061 3 RM143-RM7000 <0.0001 -5.89 6.70
2 RM425-RM5607 6 RM585-RM6917 <0.0001 5.89 6.67
RRL 2 RM1358-RM290 4 RM335-RM401 <0.01 -8.24 6.25
3 RM85-RM570 8 RM337b—-RM1235 <0.001 -9.82 7.82
RRN 1 RM1-RM1195 2 RM450-RM5472 <0.001 -4.90 4.08
RDW 1 RM572-RM3627 3 RM2334-RM504 <0.0001 3.89 21.25
RVI 1 RM1-RM1195 2 RM166-RM207 <0.0001 -6.48 8.31
6 RM539-RM527 12 RM1246-RM519 <0.0001 -10.18 12.77
ADG 6 RM527-RM3 12 RM1246-RM519 <0.0001 -4.71 10.13
7 RM1279-RM505 12 RM1246-RM519 <0.0001 4.70 11.22
ADS 2 RM1358-RM290 12 RM3226-RM270 <0.0001 4.03 9.86
D > : >

Y Positive means parent type value > recombinant type value; negative means recombinant type value > parent type value.

RGE: relative germination energy; RGR: relative germination rate; RSH: relative seedling height; RRL: relative root length; RRN:
relative root number; RDW: relative seedling dry weight; RVI: relative vigor index; ADG: alkali damage rate in germination period; ADS:
alkali damage rate at early seedling stage.
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