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Phenotypic and molecular evaluation of fragrance in Iranian rice genotypes
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Table 1. Names and origin of local and improved rice genotypes in experiment

Genotype s Type - Origin £ Genotype s Type s Origin lee
Tarom daylamani Slbselb Local +» Mazandaran o453k Shahpasand Aoz Local +» Mazandaran RIFESN
Ali kazemi b Jte Local 5 Guilan o8 Sepidroud 35,4 Improved olirSo!  Guilan Ry
Domsiah slss  Local 5 Guilan oS Line 6 #.Y  Improved olirSo!  Guilan Ry
Binam el Local 5 Guilan o8 Ghashange &5 Local s Guilan Ry
Fajr 5 Improved oliol  Mazandaran o4k Nemat Cwxs Improved ols7Mo!  Mazandaran Oy
Bahar hybrid s 4 ,.a  Hybrid 4,2 Guilan o8 Tarom mantaghe aibtae b Local +» Mazandaran Ol
Tarom mahali ool Local +» Mazandaran o435k Mohamadi s4>s Local s Guilan Ry
Hashemi s Local s Guilan S Amol3 ¥ LT Improved ols7Mo!  Mazandaran a5k
Anbarbu »~s Local 5 Guilan o8 Khazar ,7 Improved olizSo!  Guilan Ry
Shafagh sas  Improved olidol  Mazandaran o,k Bejar s Improved odsmMo!  Guilan ke
Sangjo & Local +» Mazandaran ol,u3L  Dasht <> Improved ols7Mo!  Mazandaran a5k
Gohar & Improved sdirMol  Guilan o3 Sahel J=w Improved ols7Mo!  Mazandaran a5k
Gharib siah reihani Sbw, el Local 5 Guilan o Gil3 v 1€ Improved olirSo!  Guilan kg
Domsefid Aiwps  Local 5 Guilan o Kadus 938 Improved olirSo!  Guilan Ry
Neda s Improved oli-dol  Mazandaran Oyl
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Table 2. The sequence and characteristics of used primers in this experiment

J?)'L&T rU L;“j Jlast sles .
Primers Sequence Annealing Temp. Reference
5'-GACGGTGAACATTCAATTAAAAAG-3' .
SSR4463-L413 53 Bourgis et al., 2008
3'-AGTGGGATTTCATTAATTTCCTG-5'
5'-CATATGGTGCACCTCAATGCCCAG-3' .
5537-8 60 Bourgis et al., 2008
3TTTGGATCCGCCCCACCAACGACC-5'
ESP 3-TTGTTTGGAGCTTGCTGATG-5' 58 Bradbury et al., 2005
IFAP 3'-CATAGGAGCAGCTGAAATATATACC-5'
INSP 3'-CTGGTAAAAAGATTATGGCTTCA-5'
EAP 3'-AGTGCTTTACAAAGTCCCGC-5'
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Table 3. Evaluation of fragrance in studied rice genotypes based on qualitative tests methods

oyl oS st old oS sl e
No. Genotype [ Mean Result No. Genotype [ Mean Result
1 Tarom dailamani Slabs oyl 0.87 + 16 Kadous 8 0.20
2 Ali kazemi b e 0.87 + 17 Sepidroud spdee 033
3 Domsiah olwnd 0.93 + 18 Line6 ¥ 033
4 Binam el 0.80 + 19 Ghashange Lz 033
5 Fajr ) 0.44 + 20 Nemat Casi 0.33
6 Bahar hybrid Sl s 0.71 + 21 Tarom mantagh ailaiep b 0.33
7 Hashemi sols 0.87 + 22 Mohamadi St 033
8 Anbarbu e 0.73 + 23 Khazar S 0.33
9 Shafagh i 0.87 + 24 Bejar S 0.07
10 Tarom mahali e b 0.67 + 25 Dasht cas 027
11 Sangjo & 0.87 + 26  Sahel Jel 027
12 Gharib siah reihani S ol 0.80 + 27 Gil3 vy £ 033
13 Gohar Yy 0.80 + 28 Shahpasand dwols 020
14 Domsefid L o3 0.27 - 29 Amol3 LT 033
15 Neda 1% 0.33 -
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Fig. 1. Observed polymorphism for 4463-L413 marker in rice genotypes on 3% agarose gel and 100 bp

ladder. The genotypes are in the base of table 3. Positive (+) shows fragrance genotypes and negative (-) shows

non-fragrance genotypes. (Some genotypes were repeated in bottom gel for better comparisons)
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Fig.2. Observed polymorphism for ASA marker in rice genotypes on 1.5 % agarose gel and 100 bp ladder.
The genotypes are in the base of table 3. Positive (+) shows fragrance genotypes and negative (-) shows non

fragrance genotypes. (Some genotypes were repeated in bottom gel for better comparisons)
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Table 4. Comparison phenotyping and molecular markers results for fragrance in rice genotypes

[ Downloaded from agrobreedjournal.ir on 2026-02-22 ]

[ DOR: 20.1001.1.15625540.1393.16.1.2.7 ]

ety ety
=S5 b5, Marker s S5 b, Marker Sl
Phenotypic ~ 4463- Marker Phenotypic 4463- Marker

Genotype [ evaluation 1413 ASA Genotype [ evaluation 1413 ASA
Tarom dilamani Slls plb + + + Kadous Ty - - -
Ali kazemi P + + + Sepidroud FYgRw - - -
Domsiah oline + + + Line6 gy - - -
Binam el + + + Ghashange L - - -
Fajr b + + + Nemat Sl - - -
Bahar hybrid Sl en + + + Neda 5 - - -
Hashemi Lobla + + + Mohamadi JENVE - - -
Anbarbu e + + + Khazar S - - -
Shafagh ) + + + Bejar Db - - -
Tarom mahali Lo ol + + + Dasht N - - -
Sangjo pret-an + + + Sahel J-L - - -
Gharib siah . _
reihani S ol + + + Gil3 Y. - - -
Gohar Yy + + + Shahpasand Lol - - -
Domsefid L p3 - - - Amol3 ¥ LT - - -
Tarom i b - - -
mantaghe £

+: Fragrant and -: Non-fragrant Sos b i— g loxe 1+
3 e b5l O gdbe glaas o Ol gl LS A e b de S L T (g
v_s) 33 O sla W ) J_.pb- F, slad e (ASA) JJT el J_:_Q; s ) (Kiani, 2011)


https://dor.isc.ac/dor/20.1001.1.15625540.1393.16.1.2.7
http://agrobreedjournal.ir/article-1-42-fa.html

[ Downloaded from agrobreedjournal.ir on 2026-02-22 ]

[ DOR: 20.1001.1.15625540.1393.16.1.2.7 ]

WA Slgr o) ojlad ool dl Nt s ool Al

Ll Callae

Arkhi and Ahmadikhah, ) of g5 gdax! 5 > ,T
e 5, g Y s 5 0 (s lesT 5 (2009
Arml ST i 95 T sl Sl 3 andlae 5 e
A Codim S X3S 1 b e 05 Mg bl 1,
(i ) 3, S a ablol 1y lae 05 3 5L i
el Ol e & 1) PG pliz ool coluas o6
L e 5 olam (Cmani 3,5 p3 ¢ (Aome o5l (ans
5o T (aalS eots o (,Lsﬂ,@u’u_m;
R oS 53 A3 g5 NS (6 e ik |, Kt
(oS 5 oLy ¢ pobla tolmas Ale L5l 3
K;_.‘zé},)_; cY‘J.nTcu.ujsl_ch_i: Jus g g ke
@MuoT@BQSLMoa\JML;pﬁ&
G 53 I 5 g0 Sl s p gl duslie il
5 Cdllas 5,050 ST 55 ab gy o Oldies plu 5 S50
313 Ol a8l Sl ok sl = ) 6315 Cpliee
2 hn 3 5 el 5 O plie 4 5
Lyl 2 55 DLl S (U LIS e 4 350 0n 0k
aan 3l o 5l o S e s g e iulesT
AEL L G4 e 0> DS S g

el e Sl &S ay dits o 5 S
4S 3 4h oo (3154 Oladss j3 S8 AR I
Ls e Sl 3550 )3 (o st £ b 50 (p) Comnl
J e 03 Bes 47 i e O s ST
e g (Bl o G5 BB olS A, L
S sk 15 e polamst] sla Sl 3l oslizl .ol
(b adgl Jol 0 Ol js hase false I
35 e s (51 1) g llae 5 55 2 S
4SO &5 e 51 K5 R e Sl e
2B o) nl b el Ol 5 oLl 5o
55040 S a5 4 b sn g ABL p el
Ll o Sbls eSS KoMl

sla SSLS 3l aslizal 055 (6325l 5 aaS
25 K535l 5 e Dli 5l s L

AR

i flane a g Sl 5ls b Coani 5 15 J g
2B Sl s S eslizal Glabs )b 5 o5
G X oyl K 30 5 ol Fy Lol omes
polb 5 o X Gl pylb (s X o)L oS
VPP IRCI Jyn 7% JUIIS B U RGOV E QS I O
S J5S 0 L3 Sl m 5 (ame 4 (s s )
(b b 5 0550 50— plans) &G 4 53 4 &
el s ol b S Ll s sl 0L
Slra )l Olsme an U0 5 Camd y ane Sladss
ujl‘_}_wb-@l_ﬁduuu\_i&l_wwsj_hoﬁ&
G 33 53 45 IS 5 L Sladis oyl i 535
.;,\;@.@bﬁ;uw@up‘méw
(Vazir Zanjani et al., 2011) O, Ses 5 Slas; 253
Ol 51 o5l ASA ig, 5l eslizal b 2sle5T 5
Nipponbare Jals dals 15| 0SS 51 cOleaslas
SN lacS 5 55 57V Gl 5AD e ulr
|y Pashadi Konar x LTH 4 Nipponbare x Jasmin 85
S i By slads gy 55 0305 15 w3550
Solns QLS 4S5 Wi sdaline (5 ke 18w 4 (g ke
" S o phe 05 60 Lo g e 8T ol
i el (o 2 250 (Sl 030 V7 Ol Sl s 5o
S ke il L8 ck;-b')'\.w 03505 (S8 ¢ o
(L 93lS dus (e il 55 639 i b g s
0313 a5 (ke 18 055553 535 )i (s
Sl Gid 5 b b)) 55 ol G 55 45 s
e, Olsie a5 55 5 255 ¢ g8 (L (a5
Qij&ﬁjdbﬂ.xuo:l:u@d&érbg
e ST ol 5l oslizal b 3 (Sarhadi ef al., 2007)
! iy e 55 53 5 W1 055 63 S 05
b e 15 &Sl oLl pls )l plas 5 lana |,
ol b g b S bl o Sl Lsls jasis
o30S (i (635 b gy Jold Bl 4k 5 jlana
b as b e ol a8 W g ke 8 05555 5
55 S fiie Gl 93 534S w9slS 5 Casm


https://dor.isc.ac/dor/20.1001.1.15625540.1393.16.1.2.7
http://agrobreedjournal.ir/article-1-42-fa.html

[ Downloaded from agrobreedjournal.ir on 2026-02-22 ]

[ DOR: 20.1001.1.15625540.1393.16.1.2.7 ]

" ke S8 5 g8 "

s b 3 L0l e S Sy s
i) e 5 0dh POl 5 ey Sla 5
oslizul LB YL Css U 6,8 I 5 sbconas

035 018 sl 54 a5 3550 Do g g0 5 (S 0l smn
b Sl a5 Sl glalid 31 o Ll ol 3 .Sl
slae—l )5 50 LT ol S ol g3y
Jime La05 5 Shas 5 0l 15 058 o 5,) Calises

J_ij.ﬁjou\_f_ﬁi&:_ﬁdg__{ﬁ))j—@}ob}_g
Rl esie d oS b 5 a0 sl b
3 M7 ol 6 Kilis a8 sl OLis Guiow
55 YL o1 5 b 314463-L413 SSR [SiLss

S Rl
5 sy oisas Jlo el U it
e 30 (5580n 5 NS o2 (6555 o5 43S
o oS el 4B 8 Dy )5S gy Sl
e ol S 31y S5 S,

SLacs 55 05 s ke b 5 sk Gladisel jaseis

S Ol an Ylam! oyl pls cdyls (Sl 5

lal n oDl o) e i Slaa 55 s S I Gl g esle )

References odlaiu! 390 @b

Arkhi A. and A. Ahmadikhah. 2009. Development and identification of a specific co-dominant and perfect
marker based on aroma gene sequence for genotyping rice cultivars. 6™ National Biotechnology Congress of
Iran, 13-15 Aug. 2009, Milad Tower Conference Hall, Tehran-Iran. (In Persian)

Bourgis, F., R. Guyot, H. Gherbi, E. Tailliez, I. Amabile, J. Salse, M. Lorieux, M. Delseny and
A. Ghesquiere. 2008. Charactrization of the major fragrance gene from an aromatic Japonica rice and
analysis of diversity in Asian cultivated rice. Theor. Appl. Genet. 117: 353- 368.

Bradbury, L. M. T., R. J. Henry, Q. Jin, R. F. Reinke and D. L. E. Waters. 2005. A perfect marker for
fragrance genotyping in rice. Mol. Breed. 16: 279- 283.

Brar, D. S., P. S. Virk, D. Grewal, I. Slamet-Loedin, M. Fitzgerald and G. S. Khus. 2012. Breeding rice
varieties with improved grain and nutritional quality. Quality Assurance and Safety of Crops & Foods. 4 (3):
137. (Abstract).

Buttery, R. G., L. C. Ling, B. O. Juliano and J. G. Turnbaugh. 1983. Cooked rice aroma and 2-acetyl-
pyrroline. J. Agric. Food Chem. 31: 823-826.

Champagne, E. T. 2008. Rice aroma and flavor: a literature review. Cereal Chem. 854: 445-454.

Chen, S., J. Wu, Y. Yang, W. Shi and M. Xu. 2006. The fgr gene responsible for fragrance was restricted
within 69 kb. Plant Sci. 171: 505- 514.

International Rice Research Institute (IRRI). Standard Evaluation System for Rice. 1996. Manila,
Philippines. P: 52.

Jin, Q., D. Waters, G. M. Cordeiro, R. J. Henry and R. F. Reinke. 2003. A single nucleotide polymorphism
(SNP) marker linked to the fragrance gene in rice (Oryza sativa L.). Plant Sci. 165: 359- 364.

Jin, L., Y. Lu, Y. Shao, G. Zhang, P. Xiao, S. Shen, H. Corke and J. Bao. 2010. Molecular marker assisted

Yy


https://dor.isc.ac/dor/20.1001.1.15625540.1393.16.1.2.7
http://agrobreedjournal.ir/article-1-42-fa.html

[ Downloaded from agrobreedjournal.ir on 2026-02-22 ]

[ DOR: 20.1001.1.15625540.1393.16.1.2.7 ]

WA Slgr o) ojlad ool dl Nt s ool Al

selection for improvement of eating, cooking and sensory quality of rice (Oryza sativa L.). J. Cereal Sci. 51:
159-164.

Kiani, G. 2011. Marker aided selection for aroma in F2 populations of rice. Afric. J. Biotechnol. 10: 15845-
15848.

Kibria, K., M. M. Islam and S. N. Begum. 2008. Screening of aromatic rice lines by phenotypic and molecular
markers. Bangladesh J. Bot. 37 : 141- 147

Lang, N. T. and B. C. Buu. 2008. Development of PCR-based markers for aroma (fgr) gene in rice
(Oryza satival L.). Omonrice 16: 16-23.

Lestari, A. P., B. Abdullah, A. Junaedi and H. Aswidinnoor. 2011. Performance of grain quality and aroma
of aromatic new plant type promising rice lines. Indonesian J. Agric. Sci. 12: 84-93.

Lorieux, M., N. Petrov, N. Huang, E. Guiderdoni and A. Ghesquiere. 1996. Aroma in rice: genetic analysis
of a quantitative trait. Theor. Appl. Genet. 93: 1145- 1151.

Murray, M. and W. F. Thampson. 1980. Rapid isolation of high molecular weight plant DNA. Nucleic Acid
Res. 8:4321- 4325.

Sakthivel, K., R. M. Sundaram, N. Shobha Rani, S. M. Balachandran and C. N. Neeraja. 2009. Genetic and
molecular basis of fragrance in rice. Biotechnol. Adv. 27: 468-473.

Sarhadi, W. A., N. L. Hien, M. Zanjani, W. Yosofzai, T. Yoshihashi and Y. Hirata. 2007. Comparative
analysis for aroma and agronomic traits of native rice cultivars from central Asia. J. Crop Sci. Biotechnol. 11:
17-22.

Shi, W., Y. Yang, S. Chen and M. Xu. 2008. Discovery of a new fragrance allele and the development of
functional markers for the breeding of fragrant rice varieties. Mol. Breed. 22:185-192.

Sood, B. C. and E. A. Siddiq. 1978. A rapid technique for scent determination in rice. Indian J. Genet. Plant
Breed. 38: 268- 271.

Vazir Zanjani, M., W. A. Sarhadi, J. J. Nwe, M. Khalaj Amirhosseini, R. Siranet, N. Q. Trung, S. Kawai
and Y. Hirata. 2011. Characterization of aromatic rice cutivars from Iran and surrounding regions for aroma
and agronomic Traits. SABRAO J. Breed. Genet. 43: 15-26.

Yoshihashi, T., 2002. Quantitative analysis on 2- acetyl- 1- pyrroline of an aromatic rice by stable isotope
dilution method and model studies on its formation during cooking. J. Food Sci. 67: 619- 622.

Yoshihashi, T., T. T. H. Neguyen and N. Kabaki. 2004. Area dependency of 2- acetyl- 1- pyrroline content in
an aromatic rice variety, Khao Dawk Mali 105. JARQ- Japan Agric. Res. Quart. 38: 105- 109.

Yy


https://dor.isc.ac/dor/20.1001.1.15625540.1393.16.1.2.7
http://agrobreedjournal.ir/article-1-42-fa.html

[ Downloaded from agrobreedjournal.ir on 2026-02-22 ]

[ DOR: 20.1001.1.15625540.1393.16.1.2.7 ]

" ke S8 5 g8 "

Phenotypic and molecular evaluation of fragrance in Iranian rice genotypes
Karami, N.l, A. Aalamiz, H. Samizadeh3, M. Alahgholipour4 and B. Rabiei’

ABSTRACT

Karami, N., A. Aalami, H. Samizadeh, M. Alahgholipour and B. Rabiei. Phenotypic and molecular evaluation of fragrance

in Iranian rice genotypes. Iranian Journal of Crop Sciences. 16(1):12 -24. (In Persian).

One of the important factors determining the rice grain quality is fragrance. In this experiment, 29 Iranian
rice cultivars were analyzed for aroma using qualitative test, 1.7% KOH sensory test on leaves and grains and
molecular methods based on specific markers at Rice Research Institute of Iran, Rasht, Iran in 2011. Qualitative
fragrance test divided rice varieties into two fragrant and non-fragrant categories; 13 fragrant and 16 non-
fragrance cultivars were identified. Superior fragrant cultivars were Domsiah, Alikazemi, Binam, Fajr and
Hashemi and the most non-fragrant cultivars identified as Nemat, Khazar, Neda, Sepidroud and Dasht.
Molecular evaluation results based on SSR4463-1L413 and allele specific amplification (ASA) markers indicated
that SSR4463-L413 marker was polymorphic in fragrant and non- fragrant cultivars. SSR4463-L413 marker
also identified 13 fragrant and the others as non-fragrant cultivars. This finding was similar to qualitative test of
aroma. ASA marker also identified 13 cultivars fragrant and the others as non-fragrant. Results of this study
indicated that SSR4463-L413 marker can discriminate aromatic and non-aromatic Iranian rice cultivars with
high resolution, therefore, it can be used as an efficient marker for evaluating and fast screening of genotypes in
the rice segregating population. Also, the results indicated that ASA marker, in addition to ability in predicting
homozygous aromatic and non-aromatic cultivars, it could identify heterozygous non-aromatic individual rice
plants; therefore, it can be suggested as a co-dominant marker for selection in rice segregating population for

aroma.

Key words: 2-acetyl-1-pyrroline, Betaine aldehyde dehydrogenase, Rice, Specific Allele and Specific marker.
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