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Tetra-ARM marker development for root number and drought tolerance at
rice seedling stage by association mapping strategy

Wen-Lii Huang®", Pei-Shyun Huang®, Hui-Ying Hou?, Rong-Kuen Chen®, and Jeng-Chung Lo”

2 Department of Agronomy, National Chiayi University, Chiayi City, Taiwan.
® Chiayi Branch Station, Tainan District Agricultural Research and Extension Station Agricultural, Chiayi Hsien, Taiwan.

wlhuang@mail.ncyu.edu.tw

Abstract: The association mapping strategy was used to group the genetic diversity from 120
rice (Oryza sativa L.) germplasms by single nucleotide polymorphic (SNP) markers. Total of
seven subgroups were divided based on 76% genetic similarity by unweighted pair group
arithmetic mean method (UPGMA) cluster analysis. The DIR7 (days to IRRI leaf curling
index 7) with hydroponic culture containing 20% polyethylene glycol at seedling stage was
used as the drought tolerant indicator. The results showed the DIR7 is significantly correlated
with root number, root fresh weight, and shoot dry weight. More interestingly, more than 80%
of germplasms with higher drought tolerance were classified into Subgroup V. Totally 21
putative functional genes are identified related to DIR7 and/or root number. The GRAS
transcriptional regulator gene (OsGRAS-like) was further identified. There are five SNPs were
identified inside this OsGRAS-like gene among rice germplasms. The tetra-primer
amplification refractory mutation system PCR (Tetra-ARM) marker related to root number
and DIR7 were further designed from OsGRAS-like gene.

Keywords: Oryza sativa; Tetra-ARM marker; Functional marker; Root number; Drought
tolerance.

Introduction

Rice (Oryza sativa L.) is one of the most important crops in the world as well as an
excellent model cereal crop for genomics research. In comparison to other cereal crops, it has
the smallest genome size (430 Mb) and much molecular and genetic information (ESTSs,
markers, genetic and physical maps, etc.) is available (Gale and Devos 1998). Besides,
Agrobacterium tumefaciens -mediated rice transformation system have well established on a
routine basis. Transfer DNA (T-DNA) has the advantage that the inserted element acts as a
tag for gene identification. Gene knockout and activated by insertion of Agrobacterium
derived T-DNA has been developed for tagging genes in Arabidopsis(Azpiroz-Leehan and
Feldmann 1997; Krysan et al. 1999; Weigel et al. 2000; Huang et al. 2001; Li et al. 2001;
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Zhao et al. 2001), petunia(Zubko et al. 2002), periwinkle (van der Fits et al. 2001), and
rice(Jeong et al. 2002, 2006; Jung et al. 2003; An et al. 2005). A mutant population pool
containing approximate to 60,000 lines was generated by Dr. S. M. Yu, Academic Sinica,
using T-DNA insertion strategy. These materials also contain a promoterless GUS gene next
to the right border (Hsing et al. 2006). Here, we described the preliminary analysis of the
expression pattern of GUS under different abiotic stress and in different organ using the

materials mentioned above.
Materials and Methods

120 Rice lines

|
Pre-treatment at 30 " C for 48h

|

Seedlings (3 to 4-leaf stage) with hydroponic culture

e .
DNA Seedling characters Osmotic stress treatment with Kimura
purification measurement solution containing 20% PEG
and SNP ¥
analysis Leaf wilting score observation (DIR7)

Correlation analysis between seedling characters and DIR7

l

Cluster analysis ——  Association analysis between DIR7 and SNP

Flow chart in this study

Results and Discussion
1. Correlation analysis between DIR7 and agronomic characters in rice seedling

DIR7 has a significant positive correlation with root number, root fresh weight, and
shoot dry weight, it indicate that hydroponic system can be applied to their initial drought
tolerance screening at seedling stage (Table 1).

2. Phylogenic Tree of 120 rice germplasm

The genetic similarity estimated by NTSYS software according to SNP analysis among all
rice lines can separate into seven main groups (Fig. 2). Sixteen lines which in total of 19

lines that DIR7 larger than 14 days (putative drought tolerance type) is belongs to the
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same phylogenetic group (group V). These results showed that SNP markers are useful for
rice diversity discrimination and further applied to molecular marker-assisted selection for

drought tolerance.
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Fig. 1. Phylotgenetic tree of 120 rice germplasms based on SNP analysis.
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Table 1. SNP sites inside OsGRAS-like gene.

Code SNP1 SNP2 SNP3 SNP4 SNP5
SNP site 309bp 310bp 381bp 426bp 563bp
SNP TIG CIA T/G GIT CIT
Amino acid Thr/Thr Pro/Thr Pro/Pro Ser/Ser Ser/Leu

Table 2. Seedling characters and genotyping of TNGS14 x TN11 cross combination.

Line RN MRL SL Genotype

TNGS14 13.00c 9.70 e 25.00d A

TN11 7.709 13.28 bc 25.40 cd B
TTL261 13.40c 6.62 g 26.01c A
TTL265 9.40 ef 14.04 a 23.28e B
TTL303 8.90f 11.48d 27.45Db B
TTL317 7.80g 12.81c 25.36 cd B
TTL348 10.10 de 13.48 ab 23.40e AB
TTL349 10.00 de 7.88f 20.08 f B
TTL360 14.60 b 11.13d 29.85a AB
TTL382 16.30 a 6.699 27.45Db A
TTL384 10.60d 11.18d 23.25e AB

Range 7.70~16.30 6.62~14.04 20.08~29.85

Mean 11.07+0.86 10.75+0.81 25.14+0.79
C.V.(%) 25.67 25.07 10.48

RN, root number; MRL, maximum root length; SL, shoot length.
Genotype A=T/T allele, AB=heterozygote, B=C/C allele.

Table 3. Seedling characters and genotyping of ANT39 x TN11 cross combination.

Line RN MRL SL Genotype

ANT39 15.30a 9.64c 25.97 bc A

TN11 7.70e 13.28a 25.40c B
ATL132 9.40d 9.52c¢c 20.67 d B
ATL142 12.00c 7.61le 26.51b AB
ATL173 13.40b 9.25cd 20.69d A
ATL181 12.30c 8.75d 25.49 ¢ A
ATL226 12.80 bc 10.78 b 31.90a AB

Range 7.70~15.30 7.61~13.28 20.67~31.90

Mean 11.84+0.96 9.83+0.68 25.23+1.45
C.V.(%) 21.43 18.27 15.19

RN, root number; MRL, maximum root length; SL, shoot length.
Genotype A=T/T allele, AB=heterozygote, B=C/C allele.
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Fig. 3. Genotyping analysis in (a) TNGS14 x TN11 (b) ANT39 X TN11.

(@)  TNGS14 TNI1 TTL317TTL382 (P)  ANT39 TNI1 ATL132 ATL173

3 B

2weeks

3weeks

| Bar=2cm

I Bar=2cm

Fig 2. Root morphology of rice seedling. (a) TNGS14 x TN11. (b) ANT39 x TN11. DIR7,
days to IRRI leaf curling index 7 under 20% PEG treatment.
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