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Detection and Analysis of QTL s Associated with Resigance to Ferrous Iron Toxicity
in Rice ( Oryza sativa L .) , Using Recombinant Inbred L ines
WAN JiarrLin' , ZHAI HrQU , WAN JianrMin* * |, Hideshi Yasui® , Atsushi Yoshimura®
(* National Key Laboratory d Crop Gengtics & Germplasm Enhancement , Jiangsu Plant Gene Enginering Research Center , Nanjing Agricultural University , Namr
jing 210095, Jiangsu, China;? Chinese Academy d Agricultural Sciences , Beijing 100081, China;® Faculty o Agricuture , Kyushu University , Fukuoka 812-
8581, Japan)
Abgtract A mepping popuation o 81 R lines (recombinart inbred lines: RILS , derived from a cross between a japoni-
ca variety Kinmeze and an indica variety DV85 by the Snge seed descent methods, was used to detect quartitative trait lo-
d (QILs) for led bronzing index (LBI) and plant height (PH) under F&** dress condition. Two parents and 81 RILs
were pherotyped for the traits by groning them in Fe&™ toxicity nutrient olution. A tota of three QTLs were detected on
chronoome 3, with score LOD rangng from 3.79 to 5.89. Two QTLs cortrolling LBI was located at the regon of X279
C25 and X144-X362 , and their contributions to total variation were 17.38 % and 22. 07 %, repectivdy. One QTL for
PH was located a the regon of R1468A-R1468B , with cortribution rate 23. 18 %. Gomparing with the other mepping re-
aults, the QTL for LBI located at the regon of X279 C25 on chronpome 3 was idertica with the QTL for chlorophyll cont-
ent on a rice function mgp. Arother QTL for LBI located a the regon of X144 X362 linked with QTL for chiorophyll cont-
ent which located a the regon of C136-C944 on a rice function mgp , the genetic dgance between the two QTLS was
25.6 cM. The resultsindicated that ferrous iron toxicity of rice was characterized by brorzing pots on the lower leaves,
which spread over the whole leaves, causng the lower leavesto turn dark gray and produci ng chlorophyll catabolitesor derf
vatives which reduced cytotoxicity of some heavy metds, such asferrousiron.
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QTLs
1 2 1,* 3 3*
¢ , , 210095 ;2 , 100081 ;3
8128581, )
, 670 ) , Fe* )
Kinmaze/DV85 81 (RILS , , ,
(LBI) (PH) (QLy ,
3 , QL LOD 3.79 5.89 QL2
3 X279 C25  X144X362 17.38% 22.07%, 3 X279-C25
Q1L 3 QL : X144 X362
QL 3 Q1L ) 25.6 cM
; ; (RLLS) ; QL 9

1

Foundation items: The study was supported in part by a grant from Nationa Science Fund for Digtingui shed Young Scholars Abroad (30228023) |, foundation
for key teachers , Minigry of Education and‘ 948" project , Minigry of Agriculture.
Biography : (2966 - ) , , , , :
: (Author for corregpondence) : Emal : wanjm @il . njau. edu.cn  Tel and Fax :025-84396516
Received ( ) :2002-12-02 ,Accepted ( ) :2003-04-10.

© 1995-2005 Tsinghua Tongfang Optical Disc Co., Ltd. All rights reserved.



330

30

The deyed paddy soils are widdly digributed in Peo-
ple’ s Republic of China, Silanka, India, Indonesa, S-
erra Leone, Libya, Nigeria, Golumbia and Philippint
es'? . The deyed paddy wils are edimated to cover 7.5
to 8.0 million hectares, in Poople’ s Republic of China,
where ferrous iron toxicity in the geyed paddy ilsis re
ported to reduce rice yidd by 10 %—-20 % depending
on the intengty of toxicity and the resstance of the rice
cultivar™ .

Rice gerotypes differ widely in resstance to Fe”
toxicity , which makes it possble to develop rice cultivars
with enhanced resgtance to F&* through breeding pro-
gram® "' . The breeding fort could be facilitated by a
better underdanding of genetic background on the tole-
rance mechanismin rice.

In this gudy , based on a genetic map from a recom-
binant inbred lines (RILS) derived from Kinmaze/DV85
(Fw) , QTLs asnciated with redgance to ferrous iron
toxicity in rice were idertified by usng nolecular mark-
ers, and ther ocontributions to the total variation were
evauated , and the genetics and physology of red gance to
ferrous iron were discussed.

1 Materialsand Methods

1.1 Pant materials
A st of recombinant inbred lines (RILS) was devel-
oped from F; to Fy , by the method of Snge seed descent
(SD) from a crossof Kinmaze/DV85 , wherd'  Kinmeze”
was a variety belongng to japonica subgecies , and
“ DV85” was a variety belonging to indica subgecies.
RILs (Fw) were provided by Profesor Atsushi Yoshimura
at Faculty of Agriculture, Kyushu University , Fukuoka,
Jgpan. Two parents and eighty one plants of RILs were
planted at the experimental gation of Jiangsu Academy of
Agricultura Sciences, People’ s Republic of China, and
two parents and F; seeds were harvesed for eval uation of
red gance to ferrous iron toxicity. 1R26 and IR64 suscep-
tible, IR74 and Mahsuri noderately tolerant and Suakoko
8 tolerant were used as control cultivars.
1.2 Solution culture experiment
The two parents, Kinmeze and DV85, five oontrol
cultivars, i.e. , IR26, IR64, IR74 Mahsuri and Suako-
ko 8, and 81 RILsin F; were evaluated for red gance to

their ferrous iron toxicity. Seeds were germinated after
derilization , and trangplanted into quartz sand. After one
week , sx plants of each line and 12 plants each of pa
rents and control cultivars were randomly selected and
tranderred to plagic culture containers containing 5L nu-
trient lution. Individua seedingswere planted in a per-
forated sheet placed on the suface of lution in each
container. Sandard rice nutrient lution’® was used as
the rormal treatment . For Fe’” sress treatment , 250 mg
Fe"" - L " were added as FeSO, to the standard nutrient
lution. The pH of the lution was daily adjuged to 4.5
usng 1 nol/L NaOH or 1 nol/L HQ , and the solution
was replaced every three days. The entire experiment was
oonducted in a gassouse a Nanjing Agriculturd Univer-
gty fromJune 10 to July 7, in 2002. The day temperature
was35 1022 andthe night tenperature was 22 to
14  in the dasshouse during the experiment. On 7 July
(28 days dter treatment) each plant was harvesed to test
led bronzing index (LBI = bronzing lef number/total |eef
number) and PH , which were viewed as a direct indicer

%1 and an indirect indicator of resstance to ferrous

tor
iron toxicity in rice, regectively.
1.3 Genetic mapping and QTL detection

A linkage mep used for QTL detection conrised 137
markers (1 386.2 cM) with an average marker densty of
10.1 cM. Oneway ANOVA (SAS/6. 11,GM) interva
mepping analyss (Mapmaker/QTL) "™ was performed for
detecting nolecular markers asociated with the variations
inLBI and PH and nog likely podtions df the gene loci.
P < 0. 001 for Type error and loge-likdihood ratio
(LOD) vdue o 3.0 were used as criteria to detect the
sgnificant asociation between marker loci and gene loci .
Qorrdltion analyss between the measurements was per-
formed udng correlaion procedure of Microoft Excel 97.

2 Results

2.1 Phenotypic response o two parentsand contral
cultivarsand correlation between traits

Ferrous iron toxicity of rice is characterized by
bronzing spots on the lower leaves, which gread over the
whole leaves, causng the lower leaves to turn dark gray.
The two parents and five control cultivars were eva uated
for redgance to ferrous iron toxicity in rice. The results
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were summarized in Table 1. TheLBI of Kinmaze (0. 20)
was goproximately equa to that of control cultivar Suakoko
8(0.08) , and the LBI of DV85 (0. 82) was equa to that
o oontrol cultivars IR26(0. 83) and IR64(0.85) . There-
fore, Kinmeze and DV85 were evauated to be tolerant
and sendtive, repectively , to ferrous iron toxicity. Unr
der ferrous iron toxicity dress, the PH of Kinmaze and
DVv85 were 54.9 cm and 65.9 cm, reectively.

Tablel Mean LBl and PHd parentsand CK
Cultivar Mean LBI Mean PH
Kinmeze 0.20 54.9

Dv85 0.82 65.9
IR26 0.83 23.8
IR64 0.85 27.7
IR74 0.40 21.4
Mahsuri 0.35 31.2
Suakoko8 0.08 43.7

As the LBI was indicated as a phenotypic vd ue for
res stance to ferrous iron toxicity”*"” |, the correlation co-
dficient between LBl and PH were - 0.826. The LBI
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and PH were sgnificantly negatively corrdlated , which in-
dicated that LBI was asociated with PH reduction due to
Fe’" toxicity in this RILs population.
2.2 Phenotypic response of two parentsand RILS

The digributionsof theLBI and PH of the RILswere
sown in FHg. 1. For the LBl counted there is clear differ-
ence between Kinmaze and DV85, but there wasn' t very
clear difference in PH between two parents.
2.3 The mapping o QTL for some traits associated
with resisance to ferrous iron toxicity

A totd of three QTLs were detected on chronosome
3 (Fg.2, Table 2) , with LOD soore ranging from 3. 79
to 5.89. ™wo QTLs controlling LBI was located at the re-
gon of X279-C25 and X144- X362 , and their contribution
to total variation were 17. 38 % and 22. 07 % repective-
ly. Kinmeze dleles in these regions reduced the LBI on
the heterozygous condition by 0. 05 and 0. 06 , regpectiver
ly. One QTL oontrolling PH was located at the region of
R1468A-R1468B, with oontribution of 23.18 %.
Kinmaze dleles in these regons increased PH on the
heterozygpus condition by 3. 64 cm.
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Fig.1  Normal digribution of leaf bronzing index and plant height in RIL s population

Table2  QTL mapping o L Bl and PH in rice seedlings
Traits Marker interval Chrompme LOD soore PVE (%) Additive
LBI X279-C25 3 4.24 17.38 -0.05
X144 X362 3 3.79 22.07 - 0.06
PH R1468A- R1468B 3 5.89 23.18 3.64

3 Discussion

In this gudy , the LBI was indicated as a pherotypic
val ue for red gance to ferrous iron toxicity , the QTL locat-
ed at the regon of X279-C25 for LBI ooincided with the
QTL sfor chlorophyll content which located at the region of
C515 C25 on arice function rmp[lZ] . Armother QTL locat-
ed at the regon of X144- X362 for LBI on chromooome 3

linked with QTL for chlorophyll content which located at
the region of C136-C944 on chronpome 3 on a rice func
tion mgp'™®’ |, the genetic distance between the two QTLs
was 25.6 cM. The results indicated thet ferrous iron tox
icity of rice was characterized by brorzing gots on the
lower leaves , which soread over the whole leaves, causng
the lower leaves to turn dark gray and producing chloro-
phyll catalolites or derivatives which reduced cytotoxicity
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o ome heawy metas™ | such asferrous iron.

Yan e al. (1998) used a doubled haploid popula
tion of 123 linesfrom IR64/Azucena to detect a condition-
d QTL for PH between markers CDO87 and R(10 on
chromosome 3 only dter 30 days of tranglanting™ . In
this sudy a QTL was ad © detected for PH at the regon of

AR E
Dttt 3
A

R1468A- R1468B on chronpbome 3 dter 30 daysof trans
planting under ferrous iron toxicity condition. Whether the
QTL for PH at the regon of R1468A- R1468B on chromo-
me 3 isidentical with the conditional QTL at the regon
o CDO87-RM10 needs further study.

Fig.2  QTLs identified for resigance to iron toxicity in Kinmaze/DV85 RIL population

A QTL was detected for PH a the regon of R1468A-
R1468B on chrompome 3 under ferrous iron toxicity corr
dition .Wu et al. (1997) used a doubled haploid (DH)
population cong ging of 123 lines derived from a japonica
cultivar , Azucena and an indica cultivar, IR64 and lo-
caed a QTL for PH a the regon of RZ248 RZ394 on
chronmpome 3 under potassum deficiency condition'™ .
This result verified that PH produced under F€" toxicity
dress was viewed as an indirect indicator of res gance to
Fe"" toxicity in rice, because a QTL for PH detected urr

der Fe"" toxicity was a© detected under potassum defi-
ciency which appeared ot related to resstance to e
toxicity.

A large population may provide greater indght about
genetic bassof resgance to F€* . We are developing a
subditution population derived from extremely tolerant
lines with minimum Kinmeze gerome for the further
sudy. Our god isto identify breeding meteria sfor res -
ance to Fe&" toxicity through marker-asised sdection
based on the detected markers.
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