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Mapping and cloning of GAD1-2 for long awn using CSSLs in rice
(Oryza sativa L.)
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Abstract: Rice is an important food crop in the world. The awn may protect rice seeds from being cut by birds, which is
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important in rice domestication, survival and diffusion. However, the characteristic of awn is gradually washed out during
rice domestication and artificial selection. Mapping and cloning of rice awn genes is the basis of studying the genetic
mechanism of awn domestication. In this study, 146 chromosome segment substitution lines (CSSLs) derived from
DongNanHui 810/ZhangPu wild rice with DongNanHui 810 as the recurrent parent were used to analyze the quantitative
trait loci (QTL) controlling the long awn of rice. The results showed that four CSSLs contained one QTL for the long awn.
Using substitution mapping, the GAD1-2 gene was mapped between two markers (Ind8-10 and RM4936) on chromosome 8,
with a genetic distance of about 4.75 Mb. Using the dominant individuals of segregating populations, the GAD1-2 gene was
eventually located between two Indel markers, with a physical distance of about 27 kb, which contained only two candidate
genes Os08g0485500 and Os08g0485400. Sequencing analysis showed that Os08g0485500 was the candidate gene of
GAD1-2. Further analysis showed that there were six bases missing in the conservative ORF region, resulting in the absence
of serine and cysteine that led to the long awn of the four CSSLs. The GAD1 gene was also cloned in this position,
suggesting that GAD1-2 and GAD1 were allelic. This study laid a foundation for further understanding of the genetic

regulation mechanism and genetic evolution of the awn gene in rice.

Keywords: rice; the long awn; chromosome segment substitution lines; mapping; cloning

(Oryza sativa L.) 3 45 6 7 8 9 10 11 12
2013  Luo [
An-1
2015 Hua @ Gu B°
—LABAL  An-2 2016 Jin [
a GAD1

[2

810

146 (chromosome segment

(Triticum aestivum L.) substitution lines, CSSLs)

4

(Hordeum vulgare L.) (Sorghum) CSSLs GAD1-2

[2

[3]

W .. L1 gtiEre
Kubo Cai

Bl Matsushita ©  Thomson [ 810
18 QTL 1 146 CSSLs



12 : CSSLs GAD1-2 1103
( 810 ) 16 KEKETRESW
146  CSSLs 145 CSSL108 CSSL109 810
1 F1 Fa
12 7.79 Mb
1683.75 Mb 1.7 KBKEERE GADL-2 WIS EL
1009 *
GAD1-2 Young
1.2 #RFEFEREE [17]
2015 7 100%
146 CSSLs
1 3 0%
3 20
146 CSSLs 50%
1.8 JKFERKEERE GADL-2 HIEHE L
GAD1-2
\‘\‘l‘:é /. . - |/ k :n =
13 KTERLICHNTEARHIE 810 CSSL108 CSSL109 CSSL110  CSSL11l
2726 1836
Tan [ 10
1836
1.4 JKFBEFEE DNA HYREUR B ik
SSR 25
DNA PCR
[l SSR Indel
S > s X4 4
15 HERBIEERENEHKBEREN QTL »
Inde
T |l —]
HITEE »
QTL GAD1-2 1
[15]
orL - 1.9 1RiEEEH R
CSSL RAD
QTL (rice automatic interpretation database, http://ricegaas.
QTL dna.affrc.go.jp/rgadb/) RAP-DB (rice annotation pr-
CSSL QTL oject database, http://rapdb.dna.affrc.go.jp/)
CSSLs Gramene (http://

QTL

www.gramene.org/rice_mutant/)



1104 i2 f{ Hereditas (Beijing) 2018

40

&1 EAMRFLZH SSR F Indel 57 FHriE 54955
Table 1 Indel and SSR molecular markers used in this study

(5—3) (bp)

CM-2 F: TGGATGCGGGAGAGGTTGTCG P0461F06 196
R: TTCTATCACTTTGCCGGCCTAATCG

CM-4 F: GGAGGAGAGCCAAGCGATGG P0013B04 111
R: ACCGTCTTGACGCTGAGAGTGC

CM-5 F: CGACGAGCAAGTAGAGCACACG P0451G12 157
R: AGAATCTGACGACTGTGGGAACC

CM-9 F: CATCCTACCCTATGACATGAGACC 0J1111_EO05 110
R: CTCTAAGATTAGCGTTCCAGAGAGC

CM-11 F: GCTTCGATTTAGCTATTGGTACGG 0J1666_A04 94
R: GTGCCAGCATGAAGAGGTATGG

CM-61 F: CAGCTAGTGCCGGAAAGATTCG 0J1113_A10 200
R: CCCATGCAGTATATTTCGGTTGG

CM-65 F: GTTCTTGAGGCACTCCCGATACC 0J1113_A10 292
R: CTTAAGCTCGCCAAGAACACACC

CM-14 F: GCAGGTGCAATTTACTCATAGGG OSJNBb0092C08 249
R: GGATGATGATGACGACGATTACG

CM-17 F: CGTCGTCCTCCGATCAAATCC 0J1111_HO02 375
R: CTGGCTCGGTGTTCCAGTCG

CM-21 F: CAGTCCAACGGGTTCGTCATCG P0481F05 392
R: TACCTGCAGTGCCTCCTCCAGTCC

CM-26 F: ATGATTGCATCTGCATCACTGC P0481F05 379
R: ATACCTGTTTCCAATGCGTAGCC

CM-29 F: CGGTCGGAGGTGTACACGAAGC P0028A08 236
R: GAGGAGATCCGGTGGGATTGC

CM-68 F: CGATCAGATCTCCGCAAGTTGG P0605H02 361
R: GGCGTGGTTGATGGTGAACG

CM-71 F: TGTCAGTGAGGTAGGTCAATAGC P0605H02 200
R: AGGCCCTAAGTCATATCTTCC

CM-32 F: GATGGAGCCAAGACACGAAAGC P0686H11 127
R: TGACTTCGTCCGTATGCTACTGC

CM-75 F: TTGCTACACCTTAGCTGCTGTGC P0686H11 300
R: GGTGTTCTTGTTGCTAGGAGATGC

CM-35 F: TCCTCTCGTCATCTCACCTCACC B1142B04 178
R: CTCACCCACTCCTGTGTGACTCC

CM-39 F: CTCTCCTCCTCACCTACGCATCC 0J1118_A06 289
R: GAAGTCCGGCTGGGAGTAGTGC

CM-42 F: TGCAGAAGAACTACTGAGAGAAGACG 0J1345_D02 135
R: CATCTCCTTCAACCTGCCTTCC

CM-77 F: AGGTTGACCTGTGTGAGTAGCAAGG 0J1345_D02 294
R: ACATCGCCAACCATCTCAAGG
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(5—3") (bp)
CM-46 F: CAATAAATCTCGCCCTCGTTGC 0J1134_HO03 333
R: GTGAGGTCGGCCTTGAAGTACC
CM-47 F: CCATCTCAACTCCTTCGTTTACTGC OSJNBa0025J22 297
R: TCGACTGTTTGCTTGGAATAGGC
CM-51 F: GTCGGTCACGAAGTTCAGATCC B1168A08 186
R: TCAGGCAAAGTTGAAGATGGTAGC
CM-52 F: CGGCGAGGTAGAAGGTGACG OSJNBa0016N23 196
R: CAGTGATTGTGTGACAGTGTGAGAGG
CM-58 F: TCGATGGAGGAGGAGGAGTACG P0711H09 100
R: AAATTGATCGCTCCTCCACTGC
Indel-3 F: CAGATGGCGAGTTGTCAGTTGC P0419H09 232
R: CATCTCGCCGATCCAAGTAAGC
Indel-5 F: ACAGCCTATAGCTCACACCAAACC P0419H09 224
R: GAACACCTCCGTCTCCATTGC
Indel-8 F: GACGCTGTAGAGACACAGATACATGG P0481F05 397
R: CTGTTGGTGATGGCCTTAGTGC
Indel-11 F: AAGCTGCAGTTGGGTGAGAAGC P0481F05 484
R: GCCCAAGATACAGCAAGTTCTCG
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Fig. 1 Comparison of the differences in parents
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Table 2 Comparison of long awn and grain length traits between parents and CSSLs

810 / 810 CSSL108 CSSL109 CSSL110 CcssL111
(mm) 34.6™ 0 34.2" 28.4" 28.6™ 29.1" 28.6™
(mm) 98.1 96.8 98.3 103.2" 103.6" 104.5 103.6"
’ 810 (P<0.05) ™ 810 (P<0.01)
A . ..
C i
Py

2 FEAKEVR 810 F1 CSSL108 RSB MAKEL 4
Fig. 2 Comparison of the panicle traits between DongNanHui 810 and CSSL108
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Fig. 3 Primary mapping of the GAD1-2 gene
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Table 3 Genetic analysis of the long awn
Fa
Fi 1@ 1) P
CSSL108/ 810 580 182 762 0.302" 0.5~0.75
CSSL109/ 810 492 183 675 0.486" 0.25~0.5

* 0.05
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Fig. 4 Genetic and physical maps of the GAD1-2 gene
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Fig. 5 Genotype analysis of five dominant plants
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