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Table 1. The names of evaluated genotypes in present study

ol 619Kt clia b iy oslons A&t e b ol
Number Designation Parentage or origin Number Designation  Parentage or origin

1 IR66417-18-1-1-1 IRRI 26 Panda India
2 IR71525-19-1-1 IRRI 27 Vandana C 22/Kalakeri
3 IR65907-116-1-B IRRI 28 Nona Bokra India
4 IRAT170 IRRI 29 Ghasroldashti Iran(native)
5 Caiapo IRATIS/B.CAM PISA/\/CNAXlOM PERO 30 Sangetarom Iran(native)
6 Pegaso Unknown 31 Sangejo Iran(native)
7 IRAT216 Colombia 1/M 312 A-74-2-8-8 32 Rashtisard Iran(native)
8 IR 81024-B-254-1-B IRRI 143/IR 71525-19-1-1 33 Shahpasand Iran(native)
9 IR 81422-B-B-200-4 IR 74371-3-1-1/IR 64 34 Anbarbou Iran(native)
10 IR 82590-B-B-32-2 CAUDH 1/IR 74371-54-1-1 35 Salari Iran(native)
11 IR 82616-B-B-64-3 IR 71524-44-1-1/IR 76569-259-1-2-1 36 Neda Iran(improved)
12 IR 82635-B-B-82-2 IR 78875-176-B-2/IR 78875-207-B-3 37 Ahlamitarom Iran(native)
13 IR 82639-B-B-103-4 IR 78875-176-B-2/IR 78908-143-B-4 38 Alikazemi Iran(native)
14 IR 82639-B-B-118-3 IR 78875-176-B-2/IR 78908-143-B-4 39 Khazar Iran(improved)
15 IR 82639-B-B-140-1 IR 78875-176-B-2/IR 78908-143-B-4 40 Hashemi Iran(native)
16 IR 83749-B-B-46-1 IR 71524-44-1-1/2*IR 74371-54-1-1 41 Champaboudar Iran(native)
17 IR 82589-B-B-114-3 IRRI 132/IR 74371-54-1-1 42 Gharib Iran(native)
18 IR 82589-B-B-84-3 IRRI 132/IR 74371-54-1-1 43 Domsiah Iran(native)
19 IR 82590-B-B-90-4 CAUDH 1/IR 74371-54-1-1 44 Sepidroud Iran(improved)
20 IR 82590-B-B-94-4 CAUDH 1/IR 74371-54-1-1 45 Kadous Iran(improved)
21 IR 82590-B-B-98-2 CAUDH 1/IR 74371-54-1-1 46 Dorfak Iran(improved)
22 IR 82635-B-B-143-1 IR 78875-176-B-2/IR 78875-207-B-3 47 Gohar Iran(improved)
23 IR 82635-B-B-32-4 IR 78875-176-B-2/IR 78875-207-B-3 48 Hasansaraei Iran(native)
24 IR 83749-B-B-87-3 IR 71524-44-1-1/2*IR 74371-54-1-1 49 Nemat Iran(improved)
25 IR 83752-B-B-12-3 IR 71524-44-1-1/2*UPL RI 7 50 Domzard Iran(native)

A3l on (SR (B2 2100 B YA 55 sl 2Bl 5 (s3lsm sl 53 YA L G ojles
Number 1 to 28: aerobic genotypes and foreign cultivars, and from 29 to 50: lowland (Iranian) varieties.
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Table 2. Name and information of used primers in this study
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AL . s SN Iy S Sl Jis el c”
Trait . . Chromosome Reference

Marker Forward primer sequence Reverse primer sequence

RM122 GAGTCGATGTAATGTCATCA GAAGGAGGTATCGCTTTGTTGG 5 (Anuradha et al., 2012)

GTGC AC
Zn  GAGAGGATTCATGGTGAGCACCAAGACCTCCATTCAAGAGTG 2 (Indurkar et al., 2015)

RM12796 Tee o '

RM17 Fe  TGCCCTGTTATTTTCTTCTCTC GGTGATCCTTTCCCATTTCA 12 (Stangoulis et al., 2010)
RM171 plr:c?tfiLn AACGCGAGG%CACGTACTTA ACGAGATACGTACGCCTTTG 10 (Indurkar et al., 2015)
RM234 Fe ACAGTATCCAAGGCCCTGG CACGTGAGACAAAGACGGAG 7 (Lu et al., 2008)
RM248 Fe TCCTTGTGAAATCTGGTCCC GTAGCCTAGCATGGTGCATG 7 (Lu et al., 2008)
RM287 Zn TTCCCTGTTAéGAGAGAAAT GTGTATTTGGTGAAAGCAAC 11 (Indurkar et al., 2015)
RM454 plr:c?tfiLn CTCAAGCTTAGCTGCTGCTG GTGATCAGTGCACCATAGCG 6 (Indurkar et al., 2015)
RMA474 p'r:c?tfiLn AAGATGTACGGGTGGCATTC TATGAGCTGGTGAGCAATGG 10 (Indurkar et al., 2015)
RM489 Zn  ACTTGAGACGATCGGACACC TCACCCATGGATGTTGTCAG 3 (Indurkar et al., 2015)
RM490 Fe  ATCTGCACACTGCAAACACC AGCAAGCAGTGCTTTCAGAG 1 (Indurkar et al., 2015)
RM514 AGATTGATCTCCCATTCCCC CACGAGCATATTACTAGTGG 3 (Anuradha et al., 2012)
RM517 Fe GGCTTACTGGCTTCGATTTG CGTCTCCTTTGGTTAGTGCC 3 (Swamy et al., 2011)
RM574 GGCGAATTCTTTGCACTTGG ACGGTTTGGTAGGGTGTCAC 5 (Anuradha et al., 2012)
RM8007 Fe  AATAGGATGGATCATGGATA CATCTCATCAGGAACCTAAC 7 (Lu et al., 2008)

RM60 AGTCCCATGTTCCACTTCCG ATGGCTACTGCCTGTACTAC 3 (Anuradha et al., 2012)
RM260 Fe ACTCCACTATGACCCAGAG GAACAATCCCTTCTACGATCG 12 (Stangoulis et al., 2007)
RM488 Fe CAGCTAGGGTTTTGAGGCTG TAGCAACAACCAGCGTATGC 1 (Swamy et al., 2011)

RM5 Fe TGCAACTTCTAGCTGCTCGA  GCATCCGATCTTGATGGG 1 (Indurkar et al., 2015)

RM7 Fe TTCGCCATGAAGTCTCTCG  CCTCCCATCATTTCGTTGTT 3 (Swamy et al., 2011)
RM510 p'r:gtfiLn AACCGGATTAGTTTCTCGCC TGAGGACGACGAGCAGATTC 6 (Indurkar et al., 2015)
RM231 CCAGATTATTTCCTGAGGTC CACTTGCATAGTTCTGCATTG 3 (Anuradha et al., 2012)
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Figure 1. Grouping of rice genotypes based on Fe, Mn, Zn and protein content using Ward minimum variance
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Table 3. Member of groups derived from cluster analy5|s with mean and standardized deviation from mean of
groups for each variable

Sl el 3 ksl Gl il
055 NPy s ol JS il ol
group genotype Traits Mean Deviation from  Standardized
total mean deviation
Ghasroldashti, Sangetarom, Sangejo,
Anbarbou, Salari, Neda, Ahlamitarom, 20.190 1675 0281
Hashemi, Champaboudar, Gharib, Fe (mg/kg) 0085
Domsiah, Iaogﬁkh Hasar:jsaraeiﬁ Nerr&at, Mn (m% /kg) 11.306 0.809 0088
1 Domzard, Shahpasand, Rashtisar :
IRAT216, IR66417-18-1-1-1, IR82635-B- 411 (MIKD) 12329 0590 -0.431
B-143-1, IR82635-B-B-32-4, IR83749-B- 0 5533 0919
B-87-3, IR 83752-B-B-12-3, Panda, Nona : s
Bokra,
. . . 14533
Alikazemi ( Sepidroud. IR71525-19-1-1, Fe (mg/kg) 0,645 -3.982 -0.669
2 IR65907-116-1-B, IRAT170, IR 81024-B- Mn (mg/k ) : -0.852 -0.089
254-1-B, IR 82616-B-B-64-3, IR 82639-B-  Zn (mg /kg) 12493 0.754 0.112
B-103-4, IR 82590-B-B-90-4, IR 82590-B- Protem % ’ 3.265 1.530
B-94-4 9717
32.390
oo som o gEs o
: n (mg : . .
3 Gohar, Caiapo, IR82635-B-B-82-2 Zn (mg ,kg) o 675 13918 5066
Proteln % 0.260 0.122
6.712
Khazar, Kadous, Pegaso, Vandana, 14875
IR 81422-B-B-200-4, IR 82590-B-B-32-2, Fe (mg/kg) 3608 -3.640 -0.611
4 IR 82639-B-B-118-3, IR 82639-B-B-140-  Mn (mg/k ) : -6.889 -0.722
1, IR 83749-B-B-46-1, IR 82589-B-B-114-  Zn (mg /kg) 6.401 -5.338 -0.792
3, IR 82589-B-B-84-3, IR 82590-B-B-98- Protem % -0.871 -0.408
2, 5581
18515
_ Fe (mg/kg)
n(m
Total mean Protelgn 0% 11.739
6.452
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Table 4. Rice genotypes name in each group based on cluster analysis arisen from molecular data

ejjf ‘:".‘.3.933
group Genotype

IR66417-18-1-1-1, IRAT216, IR82635-B-B-143-1, IR83749-B-B-87-3, IR 83752-B-B-
12-3, Panda, IR71525-19-1-1, IR65907-116-1-B, IRAT170, IR 81024-B-254-1-B, IR
(o)l 82616-B-B-64-3, IR 82639-B-B-103-4, IR 82590-B-B-90-4, IR 82590-B-B-94-4,

1 Aerobic (Foreign) Caiapo, Pegaso, IR 81422-B-B-200-4, IR 82590-B-B-32-2, IR 82639-B-B-118-3, IR
82639-B-B-140-1, IR 83749-B-B-46-1, IR 82589-B-B-114-3, IR 82589-B-B-84-3, IR
82590-B-B-98-2,
2-1 (f'ﬂobﬁbf Nemat, Domzard, Hasansaraei, Gohar, Dorfak, Kadous, Sepidroud, Domsiah, Gharib
Lowland (Iranian)
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(sl IR82635-B-B-32-4 Nona Bokra
Aerobic (Foreign)
(dlﬂouﬁb{" Champaboudar
2.3 Lowland (Iranian)
P SIEORSIEE Vandana
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Figure 2. Grouping of rice genotypes using Nei similarity coefficient and Neighbor Joining (NJ) method

Sl bl (K35 ol sl 5 8,
a3 e (Koo 05031 Lo jlpale s sla Sl
5 b Saeer A3 3500 b pme Aoy
Glre gy pols Oy Bl 5l &S Slac i i 6,513
Ll 5l a5 05 5 s s a0 S5 5wl
M s 5 e o S oS
on 2o pole b (S 55 b SLS cpl s
s 5 bl il bl Cames
3 ER o o alae L (Aboutalebi et al., 2015)
ol eslsabeny gl Sl Sl eslizal b Lol dues S
Ll g5 s SOl 5 ks 3 05 S Slex L3 1 Bl
(651 3l ons @ sl ule 511 o o8 ol L
Bl Jols ool 5 pss 05 S 4 dules SSE )l

AN

S 035 53 ol s 5 e Sbples o3
5 3 e s el ubis Bl 51l
b5 U5 o0l b plp Loy polie ol Bl S
Sl el 5l ol 550 53 338 0 OLE B 5y
Sdey pole Olge b bLESI 5o sl Slides
S [y WAR VA S TCIR e T
Lsg 53 SSR (sla LS 5 5e5 Oledl Olss g0 ¢ s
el s ilsr sl 55 aste o 4350 L
sl Sl bl 5l el 5oL sl K ol
3 Sl B Sl B el 555 o5l sale
Soed Ol A atalie Sl GG L sl

3 pobtie Olpe Bl Sl s G ol m Sle


http://dx.doi.org/10.29252/pgr.5.2.73
https://dorl.net/dor/20.1001.1.23831367.1397.5.2.7.2
https://journals.lu.ac.ir/pgr/article-1-132-en.html

[ Downloaded from journals.lu.ac.ir on 2024-05-21 ]

[ DOR: 20.1001.1.23831367.1397.5.2.7.2 ]

[ DOI: 10.29252/pgr.5.2.73 ]

b‘)@jdﬁaﬂs

d Yl el sk 93 s s L S 18 g
S 03 &S s eetle olwps )5 s cheld
slres S 55 58 yole ey S kSl Sl e S
Sos 5 ol ole i Lld 5l &S Klas S ) 3
Al s ol 5 NG slie

JB g5 s Sl G ol @l S sk«
S5 Ol 5 3K (535 oAl pobe Bl 5l ax
Sz os adlas 5,50 i G S e 4l
Sl slaas s 5 s B 5l i 1kl
Slkzsls g5 51K 5 G ;&T}\pb} Ll 5 Uk
5 b el plll lacs sl 5 o £55
Slaal 55 gdresy ;ole 35 Gl OS2 S5l
s mn 3 0 elin 5 sl L Sl
s 55 3 sl (68015 s e (Stnes 035
2 Sy s alie gdiesy sole Olge Bl 5l as
sl Slis Sledbl Ll 5l asls 05,5 & s Lizean
O 4 sl Sl el sl Ko wolpalen,
w}fduﬁl«; Olgs a0 ol Curer 5 0l 4 S
“r b Ol sele ledis J xS GLQTL
Shdslg oo b B 5l sl cpl 35 e Ol
Ll andls Col 3 anlllas )50 55 s opl DL
3 AGd (Si) Oldlas asdde WIS e amd ol g
obal gslpa glaaal 5l 13 ol c\f S e
Al Sl S o

References

.o }'g-'\»g‘_;}) eubi b‘av.!)" c»j 6\.&%}:3 6.&39};?

o aw Bl L ey oS 5 ss e 5 PO
e 2y s S o S S (S 5 sl (e0l0)
el (o bolen (ool pBl ST Jold g 05 S
5 Y J,J ‘J,S (s (and Glya b ge) Dol
el oz Sl ag pUol AL Jsl 05 5 5 (o5
A ety S 6V o ol 3 5
S8 00 1y a5 e s s R (WBE e op
@B Les,S S pBl ol 3,5 13 S Ol e
R ek 3 S I als Glpes eyl
w3 S5 50 L Sop a8 KK ekl olil pB
03,5 55 5 555 p3 woa el o3 Jold ol 05 S 05
e oty (K (Ve 3 Pl el p s
Gos Sjlea Ll S 5 s e 2y 5 Wb e
s Dbl Ll 51 Gass s s s Bl ol
ol s ealital 5y 5 0l galens sl LS L ks e
FA calllas L (Alvanchi, 2013) sl JI sls oL
ol Pl LS55 V0 (e B VE Jeld g
T 5 eI Glaesls elul (ol G B3
Vil jor s ol SIS 55 SSE o5 8 2wy s
L S 15 sl es S 0 ol s eld Sl s
3ok Pl Glsss oS Ol e by pss s S
b 5l bl e sl es S 58 Olge b
O bl e dw (g ¥l o £ ol 3 S
Rl o ol gy 53 45 Adl e g ol 5 edls

5SS i s Sge wp Son o583 el

Aboutalebi, Sh., Fotokian, M.H. and Zeinalabedini, M. (2015). Evaluation of genetic diversity and
population structure of rice cultivars using satellite markers related to iron and zinc accumulation.
Journal of Agricultural Biotechnology, 6(4): 1-14. (In Persian).

Alvanchi, M. (2013). Evaluation of Rice (Oryza sativa L.) Genotypes on the Base of Biochemical
Characteristics and Molecular Markers Associated with Grain Nutritional Value. M.Sc. Thesis,

University of Guilan, Guilan, IR (In Persian).

Anuradha, K., Agarwal, S., Rao, Y.V., Rao, K.V., Viraktamath, B.C. and Sarla, N. (2012).
Mapping QTLs and Candidate Genes for Iron and Zinc Concentrations in Unpolished Rice of
Madhukar x Swarna RILs. Gene, Directorate of Rice Research, Hyderabad, IN.

Brar, D.S., Mackill, D.J. and Hardy, B. (2007). Rice genetics V. Proceedings of Fifth International
Rice Genetics Symposium. World Scientific Publishing and Los Banos, International Rice Research

Institute, Manila, PHL.

Dadras, A.R., Samizadeh, H. and Sabouri, H. (2015). Evaluation and grouping of soybean varieties
and lines under normal and drought stress using multivariate statistical methods in two regions of
Rasht and Gonbad Kavous. Electronic Journal of Crop Production, 9(3): 18-105 (In Persian).


http://dx.doi.org/10.29252/pgr.5.2.73
https://dorl.net/dor/20.1001.1.23831367.1397.5.2.7.2
https://journals.lu.ac.ir/pgr/article-1-132-en.html

[ Downloaded from journals.lu.ac.ir on 2024-05-21 ]

[ DOR: 20.1001.1.23831367.1397.5.2.7.2 ]

[ DOI: 10.29252/pgr.5.2.73 ]

WAV /Y ojled /0 M/ alE K5 sla g

FAOQO. (2004). Food and Agriculture Organization of the United Nations, international year of rice.
Rice is life. Rome, IT.

Fitzgerald, M.A., McCouch, S.R. and Hall, R.D. (2008). Not just a grain of rice: the quest for
quality. Trends in Plant Science, 14(3): 133-139.

Ghandilyan, A., Vreugdenhilb, D. and Aarts, M.G.M. (2006). Progress in the genetic understanding
of plant iron and zinc nutrition .Physiological Plantarum, 126(3): 407-417.

Gheitaran Poorsahrigh, Sh., Mohammadi, S.A., Sadeghzadeh, B. (2014). Identification of
Genomic Oregions Controlling Iron Concentration and Content in Shoot of Barley in A x B
Doubled Hoploid Mapping Population. Plant Genetic Researches. 1(1): 1-12.

Honarvar, F., Sabouri, H., Dadras, A.R. and Saieedisar, S. (2013). Study of the allelic diversity of
SSR markers in rice genotypes. 8th National Biotechnology Congress of I.R. Iran and 4th National
Biosafety Congress of IRAN. 6-8 July 2013, Tehran University, Tehran, IR (In Persian).

Honarvar, F., Sabouri, H. and Dadras, A.R. (2016). Study of genetic diversity of rice genotypes by
SSR markers and association analysis for related traits to cold tolerance. Journal of Crop Breeding,
8(17): 166-173 (In Persian).

Indurkar, A.B., Majgahe, S.K., Sahu, V.K., Vishwakarma, A., Premi, V., Shrivastatva, P.,
Dubey, M. and Chandel, G. (2015). Identification, Characterization and Mapping of QTLs related
to Grain Fe, Zn and Protein Contents in Rice (Oryza sativa L.). Electronic Journal of Plant
Breeding, 6(4): 1059-1069.

Kalra, Y.P. (1998). Handbook of Reference Methods for Plant Analysis. Taylor & Francis Group,
LLC CRC Press. Boca Raton, FL.

Lu, K, Li, L., Zheng, X., Zhang, Z., Mou, Y. and Hu, Z. (2008). Quantitative trait loci controlling
Cu, Ca, Zn, Mn and Fe content in rice grains. Journal of Genetics, 87: 305-310.

Moumeni, A., Emanykhah, F., Maleki Zanjani, B. and Maleki, S. (2007). Estimation of genetic
diversity of lranian rice cultivars for tight linked markers to aroma. Proc. of 5th National
Biotechnology Congress. Tehran, IR (In Persian).

Nicholas, F.W. (2006). Discovery, validation, and delivery of DNA markers. Australian Journal of
Experimental Agriculture. 46, 155-158.

Pathak, Kh., Rahman, S.W., Bhagawati, S. and Gogoi, B. (2017). Assessment of nutritive and
antioxidant properties of some indigenous pigmented hill rice (Oryza sativa L.) cultivars of Assam.
Indian Journal of Agricultural Research, 51(3): 214-220.

Rashidi, V., Majidi, I., Mohamadi, S.A. and Moghadam Vahed M. (2007). Determine of genetic
relationship in durum wheat lines by cluster analysis and identity of morphological main characters
in each groups. Journal of Agricultural Science. 13(2): 441-450 (In Persian).

Romesburg, H.C. (1990). Cluster Analysis for Researchers, 1th end. Krieger Publishing, Malabar,
Florida, USA.

Saghai Maroof, M.A., Biyashev, R.M., Yang, G.P., Zhang, Q. and Allard, R.W. (1994).
Extraordinarily polymorphic DNA in barely species diversity, chromosomal location, and
population dynamics. Proceeding of the National Academy of Sciences, 91(12): 5466-5570.

Shi, C.H., Zhu. J. and Wu, J.G. (1999). Analysis of embryo, endosperm, cytoplasmic and maternal
effects for heterosis of protein and lysine content in indicia hybrid rice. Plant Breeding, 118: 574-
576.

Stangoulis, A.J. (2010). Technical aspects of zinc and iron analysis in biofortification of the staple
food crops, wheat and rice. 19th World Congress of Soil Science, Brishane, AU.

Stangoulis, J.C.R., Huynh, B., Welch, R.M., Choi, E.Y. and Graham, R.D. (2007). Quantitative
trait loci for phytate in rice grain and their relationship with grain micronutrient content. Euphytica,
154: 289-294.

Swamy, B.P.M., Kaladhar, K., Anuradha, K., Batchu, A.K., Longvah, T., Viraktamath, B.C. and
Sarla, N. (2011). Enhancing iron and zinc concentration in rice grains using wild species. ADNAT
Convention and International Symposium on Genomics and Biodiversity, CCMB, Hyderabad. IN.

Yasmin, F., Islam, M.R., S. Rehana, Mazumder, R.R., Anisuzzaman, M., Khatun, H., Rayhan, R.
and Gregorio, G.B. (2012). Molecular characterization of inbred and hybrid rice genotypes of
Bangladesh. SABRAO Journal of Breeding and Genetics, 44(1): 163-175.

Zeng, Y., Zhang, H., Wang, L., Pu, X,, Du, J., Yang, S. and Liu, J. (2010). Genotypic variation in
element concentrations in brown rice from Yunnan landraces in China. Environmental
Geochemistry and Health, 32: 165-177.

AY


http://dx.doi.org/10.29252/pgr.5.2.73
https://dorl.net/dor/20.1001.1.23831367.1397.5.2.7.2
https://journals.lu.ac.ir/pgr/article-1-132-en.html

[ Downloaded from journals.lu.ac.ir on 2024-05-21 ]

[ DOR: 20.1001.1.23831367.1397.5.2.7.2 ]

[ DOI: 10.29252/pgr.5.2.73 ]

Plant Genetic Researches, Vol. 5, No. 2, 2018

Grouping of Rice Genotypes Based on Grain Iron, Zinc, Manganese and Protein
and Performance Measurement of Linked Microsatellite Markers

Elham Nasiri!, Atefeh Sabouri*?, Akbar Forghani® and Masoud Esfahani*

1- M.Sc. Student, Department of Agronomy and Plant Breeding, Faculty of Agricultural
Sciences, University of Guilan, Rasht, Iran

2- Assistant Professor, Department of Agronomy and Plant Breeding, Faculty of Agricultural
Sciences, University of Guilan, Rasht, Iran

3- Associate Professor, Department of Soil Science, Faculty of Agricultural Sciences,
University of Guilan, Rasht, Iran

4- Professor, Department of Agronomy and Plant Breeding, Faculty of Agricultural
Sciences, University of Guilan, Rasht, Iran

(Received: November 27, 2017 — Accepted: August 5, 2018)

Abstract

In order to select the best parents for crossings, plant breeders seek varieties or genotypes with highest
genetic dissimilarities. This can be achieved by measuring the similarities among genotypes, using
multivariate analysis methods such as cluster analysis. This study aimed to group 50 aerobic and
lowland rice genotypes based on biochemical characteristics including Iron, Zinc, Manganese and
protein, and their linked DNA markers. According to the cluster analysis results using Ward method,
the genotypes were assigned to four groups. The third group, as the smallest group including three
genotypes (IR82635-B-B-82-2, Caiapo, and Gohar), had the highest value for these micronutrients.
Their mean value for Iron, Zinc, Manganese, and protein were 32.39, 34.15, 25.66 mg/kg and 6.71%,
respectively. Also, all genotypes were classified into two main groups based on microsatellite markers
information, that according to QTL mapping studies these markers were identified as linked to
elements. So, the most of non-local genotypes and aerobic rice cultivars were assigned in a separate
group. The correlation between Euclidean distance of elements and protein matrix and genetic
similarity matrix (Nie) using Mental correlation test was estimated significant (p<0.01) that can be
evidence of a genetic relationship between the SSR markers and genome controlling regions of
elements in this population.
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