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Application of PCR-based Markers for off-type Detection in Rice CMS Lines
Ghaffar Kiani *

ABSTRACT
The cytoplasmic male sterile (CMS) lines that are used in production of hybrid seeds in three-line system often
get contaminated with their maintainer lines. Using such impure CMS lines in rice hybrid seed production lead
to un-uniformity and yield loss in hybrid rice. Laborious and time consuming phenotypic evaluations are used
for elimination of off-type plants in CMS multiplication farms. The other option for off-type elimination in CMS
lines is application of molecular markers. In this study, PCR-based markers were used for distinguishing five
male sterile lines from other five maintainer lines. Results showed that cms marker had ability to differentiate
male sterile lines Neda A and Nemat A from their maintainers. Also, drrcms marker differentiated male sterile
lines Dasht A, Champa A and Amol-3 A from their respective maintainers. Results of the study demonstrate the
use of these two markers for off-type detection in CMS seed multiplication process. This is helpful in promotion
of hybrid seed production technology in Iran.
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INTRODUCTION

mitochondrial

mutation

causing

the

normal

developmental program of male gamete production to
Plant cytoplasmic male sterility (CMS) caused by

fail (Budar et al., 2003). CMS lines used in hybrid rice

lesion or rearrangement of mitochondrial genome is

seed production system often get contaminated with

unable to produce functional pollens. But CMS can be

maintainer lines. Molecular markers can be used for

restored by nuclear genes. Therefore, the CMS systems

purification of such CMS lines. In this regard, breeders

are

had used RFLP (Sane et al. 1997) and RAPD (Sane et al.

widely

used

for

hybrid

seed

production.

(Nematzadeh and Kiani 2010)

1997, Jena & Pandey 1999, Ichii et al. 2003) for

In rice, more than 90% of the rice hybrids developed

purification of CMS lines. Because of cost and labor of

over these years belongs to wild abortive (WA)

RFLP and low repeatability of RAPD, these markers are

cytoplasmic source (Yao et al. 1997, Zhang et al. 2002).

not practical for large-scale purification of rice CMS

In all cases except one (Lefebvre et al. 1990), factors

lines.

controlling the CMS are placed in the mitochondria

(mtDNA) designed from specific sequences in the

(Schnable & Wise 1998). The phenomenon regarded as

genome of rice CMS lines has been reported earlier
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Use of

PCR-based

mitochondrial

markers

Yashitola et al. (2004) and Rajendrakumar et al. (2007).
Purification of rice CMS lines using these markers is
cost-effective, reliable and fast, ensuring uniform rice
hybrid seed production.
In Iran, several CMS lines like Neda, Nemat, Dasht,
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Champa, Amol-3 have been developed (Nematzadeh et

The PCR reaction for drrcms marker was performed

al., 2006). Their multiplication and maintenance is

at 94 °C for 5 min; then for 35 cycles of 94 °C for 30

essential. So every year, sterility stability assessments,

sec; 55 °C for 30 sec; 72 °C for 1 min followed by 72 °C

and purification of these lines is performed using

for 5 min. This marker produced 130 and 142 bp bands

phenotypic methods. Grow out test (GOT) is one of

in

these methods. This method is based on morphological

(Rajendrakumar et al. 2007). PCR products were

traits (Yashitola et al. 2002, 2004). The use of

resolved by electrophoresis in 3.5% agarose gel.

CMS

and

maintainer

lines,

respectively

mitochondrial markers in the diagnosis A- and their
maintainers (B lines) and their use for purification of

RESULTS AND DISCUSSION

rice CMS lines are the objectives of this study.

The result of the evaluation with drrcms marker on
CMS and maintainers is shown in Figure 1. The result

MATERIALS AND METHODS

indicates that this marker distinguished CMS lines Dasht

Five rice CMS lines viz. Neda A, Nemat A, Dasht A,

A, Champa A and Amol-3A from their respective B-

Chmpa A and Amol-3 A and their respective maintainers

lines. This marker produced expected 130 and 142 bp

were used in this study. These genotypes were planted at

bands in CMS and B-lines, respectively. But this marker

Research farm of Sari University of Agricultural

does not show polymorphism between CMS lines Neda

Sciences and Natural Resources in 2014.

A and Nemat A with their maintainers. Therefore, this

Total genomic DNA was extracted according to

marker is able to detect off-types in CMS lines Dasht A,

Dellaporta et al. (1983). Mitochondrial markers drrcms

Chmpa A and Amol-3 A in purification process. The

(forward:

results confirm the results of Rajendrakumar et al.

ACCTTTGGGCGATGGTT,

GGGTTTAGAGTCGCCAC)

and

cms

reverse:

(2007).

(forward:
reverse:

In evaluation of male sterile lines DashtA, ChampaA

TGCCATATGTCGCTTAGACTTTAC) were used for

and Amol-3A with their cognate maintainer lines using

polymorphism detection between the CMS and maintainer

cms marker, results show no polymorphism between

lines. The former marker developed by Rajendrakumar et al.

them, but this marker had ability to distinguish between

(2007) and the later developed by Yashitola et al. (2004).

CMS lines Neda A and Nemat A from their fertile lines

ACTTTTTGTTTTTGTGTAGG

A 25 µl mixture was prepared for the PCR assay

(Figure 1). So, this marker produced the expected band

which containing 50 ng template DNA, 2.5 µl of 10X

of 386 bp in CMS lines, while maintainer lines lacking

buffer, 0.3 µl of 10 mM dNTPs, 1 µl of 50 mM MgCl2,

the desired band. These results indicating that cms

1 µl of each primers (2 µM), and 1 unit of Taq

marker can be used for distinguishing off-type plants

polymerase. The PCR reaction for cms marker was

(maintainer) in the multiplication process of CMS seeds.

performed at 95 °C for 7 min; then for 35 cycles of 94

The results confirm the results of Yashitola et al. (2004).

°C for 30 sec; 44 °C for 1 min; 72 °C for 2 min followed

In order to validate the accuracy of cms marker, an

by 72 °C for 7 min. This marker producing 386 bp band

attempt was made for identification and elimination of

in CMS lines (Yashitola et al. 2004). PCR products were

off-type plants in multiplication farm of Neda A. For this

resolved by electrophoresis in 1.5% agarose gel

purpose, a sample consisting of ninety-six plants were

containing 0.5 µg/ml ethidium bromide.

chosen from multiplication farm of Neda A and used for

-1194-

Jordan Journal of Agricultural Sciences, Volume 12, No.4 2016

molecular screening for impurity detection on it. Results

hybrid rice using molecular marker reported by several

are shown in Figure 2. The results of this evaluation

researchers. Abo Youssef et al. (2011) used drrcms

showed that there were six off-type plants in this sample

marker for distinguishing a CMS line (IR70368A) from

and the rest were male sterile plants. Phenotypic

its cognate isonuclear maintainer line (IR70368B) as

evaluations also made in the case of seed setting on all of

well as the hybrid. Nandakumar et al. (2004)

individual plants and the results confirm that only

successfully employed a single restorer gene linked

molecular detected off-type plants were fertile plants.

marker assessment for testing genetic purity of hybrid

Therefore, this marker can reliably detect impurities in the

seeds. Using RAPD markers Ahmadikhah (2009)

multiplication field of CMS lines Neda A and Nemat A.

reported polymorphism of five RAPD primers between

The CMS lines were multiplied with adequate

CMS lines and their maintainer lines. The developed

isolation distance leaving no scope for a biological

SCAR primers (SCARmt01R-SCARmt01F) had ability

contamination through alien pollens coming from the

to produce polymorphism between the CMS and

neighbouring rice fields. Under such circumstances, the

maintainer lines. Application of markers for genetic

only impurity that can be expected in CMS line seed lot

purity testing has also been demonstrated in other crops

that comes from its maintainer line which can probably

such as maize (Wang et al., 2002), cotton (Dongre &

be a mechanical admixture during various stages of

Parkhi, 2005) and sunflower (Pallavi et al. 2011).

CMS lines seed handling. Detect of contamination in

Figure 1. Molecular detection of male sterile rice lines from their maintainers using mitochondrial markers cms
(left) and drrcms (right). 1= NedaA, 2= Neda, 3= NematA, 4= Nemat, 5= DashtA, 6= ChampaA, 7= Amol3A, 8=
Dasht, 9= Champa, 10= Amol3. M, 100bp ladder
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Figure 2. Molecular screening of Neda A individual plants for detection of contamination in it using mitochondrial
marker cms. Numbers 1 to 12 are some of Neda A individual plants from multiplication farm. Plant number 7 is
off-type plant. M, 100bp ladder.
CONCLUSIONS

saving is helpful in promotion of hybrid seed production

The PCR-based mitochondrial markers in this study

technology in the country.

can be used in a PCR assay to reliably distinguish
impurities due to maintainer lines with low cost and
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ﺗطﺑﻳق ﺗﻘﻧﻳﺔ ﻓﺣص اﻟواﺳﻣﺎت اﻟوراﺛﻳﺔ ) (PCRﻟﻠﻛﺷف ﻋن ﻋن اﻻﺻﻧﺎف اﻟﺗﻲ ﺗﺣﺗوي ﻋﻠﻰ ﺧﺎﺻﻳﺔ ﻋﻘم
اﻟﺳﻳﺗوﺑﻼزم اﻟذﻛري ) (CMSﻣن ﺧطوط اﻷرز
ﻏﻔّﺎر ﻛﻳﺎﻧﻲ *

ملخـص
اﻟﺧطوط اﻟﺗﻲ ﺗﺣﺗوي ﻋﻠﻰ ﺧﺎﺻﻳﺔ اﻟﻌﻘم اﻟذﻛوري ﻟﻠﺳﻳﺗوﺑﻼزم ﻓﻲ ﻧﺑﺎت اﻻرز واﻟﺗﻲ ﺗﺳﺗﺧدم ﻓﻲ اﻧﺗﺎج اﻟﺑذور اﻟﻣﻬﺟﻧﺔ ﻓﻲ
ﻧظﺎم ﻣﻛون ﻣن ﺛﻼﺛﺔ ﺧطوط ﻋﺎدة ﻣﺎ ﺗﺗﻠوث ﻓﻲ ﻛﺛﻳر ﻣن اﻷﺣﻳﺎن ﻣﻊ اﻟﺧطوط اﻟﻣﺣﺎﻓظﺔ ﻋﻠﻳﻬﺎ .اﺳﺗﺧدام ﺑﻌض
اﻟﺧطوط اﻟﻧﻘﻳﺔ اﻟﺗﻲ ﺗﺣﺗوي ﻋﻠﻰ ﺧﺎﺻﻳﺔ ﻋﻘم ااﻟﺳﺗوﺑﻼزم اﻟذﻛري ) (CMSﻓﻲ اﻧﺗﺎج ﺑذور اﻻرز اﻟﻣﻬﺟﻧﺔ ﻗﺎدت اﻟﻰ ﻋدم
اﻟﺗﻣﺎﺛﻝ ﻓﻲ اﻹﻧﺗﺎج واﻟﻰ ﺧﺳﺎرة اﻟﻣﺣﺻوﻝ ﻓﻲ اﻻرز اﻟﻣﻬﺟن .اﻟﺗﻘﻳﻳم اﻟذي ﻳﻌﺗﻣد ﻋﻠﻰ اﻟﺷﻛﻝ اﻟﻣظﻬري ﻟﻸﺻﻧﺎف ﻳﻌد
ﻣﺳﺗﻬﻠك ﻟﻠوﻗت واﻷﻳدي اﻟﻌﺎﻣﻠﺔ وﻳﺳﺗﺧدم ﻟﻠﻘﺿﺎء ﻋﻠﻰ اﻟﻧﺑﺎﺗﺎت اﻟﺗﻲ ﻻ ﺗﺣﺗوي ﻋﻠﻰ ﺧﺎﺻﻳﺔ اﻟﺳﺗوﺑﻼزم اﻟذﻛري )(CMS
ﻓﻲ ﻋدد ﻣن اﻟﻣزارع .اﻟﺧﻳﺎر اﻻﺧر ﻟﻠﺣﺻوﻝ ﻋﻠﻰ اﻻﺻﻧﺎف اﻟﺗﻲ ﺗﺣﺗوي ﻓﻘط ﻋﻠﻰ اﻟﺳﺗوﺑﻼزم اﻟذﻛري ) (CMSﻓﻲ
ﺧطوط اﻻرز ﻫو اﻟﻠﺟوء اﻟﻰ طرﻳﻘﺔ اﻟواﺳﻣﺎت اﻟﺟزﻳﺋﻳﺔ او اﻟوراﺛﻳﺔ .ﻓﻲ ﻫذﻩ اﻟدراﺳﺔ ﺗم اﺳﺗﺧدام طرﻳﻘﺔ اﻟواﺳﻣﺎت اﻟوراﺛﻳﺔ
اﻟﺗﻲ ﺗﻌﺗﻣد ﻋﻠﻰ ﺗﻘﻧﻳﺔ ) (PCRﻟﺗﻣﻳﻳز ﺧﻣس ﺧطوط ذﻛرﻳﺔ ﻣن ﺧﻣس ﺧطوط اﺧرى اﻟﻣﺣﺎﻓظﺔ ﻋﻠﻳﻬﺎ .اﻟﻧﺗﺎﺋﺞ اﺷﺎرت اﻟﻰ
أن واﺳﻣﺎت ) (cmsﻛﺎن ﻟدﻳﻬﺎ اﻟﻘدرة ﻋﻠﻰ ﺗﻣﻳﻳز اﻟﺧطوط اﻟذﻛرﻳﺔ اﻟﻌﻘﻳﻣﺔ وﻫﻲ ) ﻧﻳدا أ وﻧﻳﻣﺎت أ( ﻣن اﻟﺧطوط اﻟﻣﺣﺎﻓظﺔ
ﻋﻠﻳﻬﺎ .ﻛﻣﺎ ان واﺳﻣﺎت ) (drrcmsاﺳﺗطﺎﻋت اﻳﺿﺎ ان ﺗﻣﻳز اﻟﺧطوط اﻟﻌﻘﻳﻣﺔ اﻟذﻛرﻳﺔ ) داﺷﺎت أ ،ﺷﺎﻣﺑﺎ أ واﻣوﻝ(3-
ﻣن اﻟﺧطوط اﻻﺧرى اﻟﻣﺣﺎﻓظﺔ ﻋﻠﻳﻬﺎ .ﻧﺗﺎﺋﺞ ﻫذﻩ اﻟﺗﺟرﺑﺔ اﺷﺎرت اﻟﻰ ان اﺳﺗﺧدام اﺛﻧﻳن ﻣن اﻟواﺳﻣﺎت اﻟوراﺛﻳﺔ ﻟﺗﻣﻳﻳز
اﻻﺻﻧﺎف اﻟﺗﻲ ﺗﺣﺗوي ﻋﻠﻰ ﻋﻘم اﻟﺳﺗوﺑﻼزم اﻟذﻛوري ) (CMSﻓﻲ ﻋﻣﻠﻳﺔ إﻛﺛﺎر اﻟﺑذور .وﻫذا أدى إﻟﻰ اﻟﻣﺳﺎﻋدة ﻓﻲ
ﺗﺣﻔﻳز ﺗﻛﻧوﻟوﺟﻳﺎ اﻧﺗﺎج اﻟﺑذور اﻟﻣﻬﺟﻧﺔ ﻓﻲ اﻳران.
الكلمات الدالة :االرز ،الستوبالزم العقيم الذكري ) ،(CMSالخطوط المحافظة ،الواسمات الوراثية ،عدم النقاوة.
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