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Comprehensive abstract

Introduction

Maize as a tropical cereal is a main source of food for humans and livestock, as well as biofuels
and fiber in some regions of the world. Increasing maize production is one of the main priorities of the
country, Iran. One of the elements of increasing production is development of new high-yielding
cultivars. To improve a complex trait such as grain yield that has low heritability, indirect selection by
other traits or developing a suitable index based on several traits can be used. The objective of the
present study was to prepare appropriate selection indices in maize to improve grain yield. In this
regad, linear phenotypic selection index (LPSI) and linear molecular selection index (LMSI) were
calculated using the combination of morphological traits and informative ISSR molecular markers.

Materials and methods

The plant materials of this research were 97 maize genotypes that were cultivated in a randomized
complete block design with six replications in the research field of the Faculty of Agriculture, Urmia
University, Urmia, Iran. Morphological traits were measured from the tasseling stage to the
physiological maturity. Sixty ISSR primer combinations were used to prepare the molecular profile of
the studied maize genotypes. To select the suitable genotypes, two indices including linear phenotypic
selection index and linear molecular selection index were used, and the efficiency of the indices was
compared with the estimation of different ceriteria such as the rate of genetic gain and response to
selection.

Research findings

The results of the linear phenotypic selection index showed that the highest rate of genetic gain
based on the index (AG) was observed for chlorophyll content (99.15) and the lowest one for number
of ears per plant (0.01). The expected genetic gain for all studied traits (AH) and response to selection
was estimated at 163.2234 and 0.774, respectively. Based on the linear molecular selection index, the
highest rate of genetic gain (AG) was observed for leaf area (99.31) and the lowest one was observed
for number of ears per plant (0.02). The expected genetic gain for all studied traits (AH) and response
to selection was also estimated at 50.972 and 0.774, respectively. The results showed that the
correlation between index and breeding value (rur) in the LPSI index was relatively favorable (less
than one), and in the LMSI index was optimal (one), but both correlations were significant at 0.05
probability level according to the t-test. However, the efficiency of selection based on the index (AH)
was 163.22 for the LPSI index and 50.97 for the LMSI index. On the other hand, the degree of genetic
gain of trait (AG) was different depending on the type of index. For example, the ratio of genetic gain
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(AG) derived from molecular to phenotypic index for the number of ears per plant and grain yield
(2.00 and 1.28, respectively) was higher than the other traits. Also, the best genotype based on both
indices was genotype number of 61.

Conclusion

According to the results obtained from the present study and the review of sources in this field, it
seems that it is possible to benefit from the advantages of development of the LMSI index in the
breeding programs in early generations, but in advanced generations, it is better to select genotypes
using the LPSI index, in which case the cost of molecular evaluations will be reduced.
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Table 1. Maize genotypes used in the current research

Code Genotype Code Genotype Code Genotype Code Genotype
1 Tenptato (White- First 26 20%1399 51 P3L2 76 K12264/ 5-1
class
2 K1263—1)388 27 S2/QPM/SUKMA 52 P14L1 Kahia 77 R=59
(Indonesia)
3 36-N/M-K3653/2 28 K19/1 53 P1913 78 K615/1
4 89-4%* 29 K166 B/89 54 P9L3 Kahia 79 B73
5 9/K1911 30 163*/6/15 55 P15 L16 Kahia 80 OH43/1042
(Paternal)
6 T4%/1388 31 KE70012/ 1-12 -1388 56 P11L7 81 R59 (Paternal)
7 8/K1911 32 A679/420N89 57 P14L2 82  Super sweet-1387
Basin
8 25%/89 33 KI18-B /1392 (Indonesia- 58 P14L2 83 Challenged 1389/st
Colombia)
9 K1264 /1 34 66*1388 59 P10L5 84  Sweet white/ 1390
10 48*1390 35 70*1388 60 P16L6 Kahia 85 52*Sweet
11 13/K19/1 36 14*/89 61 P16L4 Kahia 86  Popcorn-53 or 54
(Line)
12 11K1910 37 6*/88 62 P15L4 87 W37a
13 5/K1911 38 3K19/1 63 P1L4 (Dialell- 88 KS13
Karaj)
14 4/K1911 39 K1263/1 (Sterilized) 64 P11L6 89 R319
15 7/K1911 40 1387/193/ Chase* 65 PIL6 90 R59 (Paternal)
16 6/K19/1 41 K615/1 66 P13L3 91 WI53R
17 2K1911 42 39*89(Sibcer) 67 P3L11 92 K1533 Popcorn
18 55-N- K3640/S 43 16*/89 68 P3L1 93 R59*R (Double
cross- maternal)
19  43%89 (Red cob corn) 44 115*13981(White cob 69 P10L7 94 B73(RFC or CMS)
corn
20 172*/89 45 138*/5)59 70 P16L12 Kahia 95 1264/ 1
21 67%/88 46 K19%/1392 (Isolate) 71 P1L15 Kahia 96 MO17
22 23%89 47 P13L2 72 P19L5 Kahia 97 7K472221
23 10/K 19/1 48 P19L17 Kahia 73 P10L9
24 1*/89 (Red cob corn) 49 P15L16 74 K615/1
25 34%*/1399 50 P6L1 75 OH43/1-42
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Table 2. Characteristics of the ISSR primers used in the development of selection indices in maize genotypes

Primer Primer sequence Annealing Multiplied Polymorphic Band si;e (Minimum-
(3’—>5) Temperature (°C) bands bands Maximum)(bp)

UBC890 VHV(GT)7 56 7 7 600- 1700

B9 (GGT)2CAAG 35 4 3 500- 1000

Al12 (GA)6CC 42 5 5 600- 1700
UBC807 (AG)ST 46 5 3 300- 2500
UBC811 (GA)8 48 2 2 750-1000
UBCS812 (GA)BA 42 7 7 600-1700
UBCS820 (GT)8C 52 6 6 500-1500
UBC825 (AQ)TT 52 3 3 300-2000
UBC827 (AC)8G 54 7 7 750-2200
UBC835 (AG)8YC 52 3 3 750-2500
UBC841 (GA)8YC 41 6 6 350-1000
UBC 848 (CA)BRG 55 7 7 450-1600
UBC867 (GGO)6 40 3 3 500-1000
UBCg84 HBH(AG)7 40 3 3 550-650
UBC885 (AC)BYT 40 4 4 500-1000

A7 (AG)10T 52 4 4 500-1000
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Table 3. Traits coefficients in LPSI selection index (Smith) in maize
Trait coefficient (b;) ¥

K
T o i=10%
GWP PH PHE LL LA LAl EPP Ch CDW CDBP CDMP CL DFEE (i=10%)

AH RS

0.61 0.21 3.50 0.38 -20.88 64778.32 -28.62 -0.24 1.78 -80.24 32.03 2.79 3.29 0.857° 11710.559 1.76 163.2234 0.774
* Significant at the 5% probability level.
 GWP, Grain weight per plant; PH, Plant height; PHE, Plant height up to ear; LL, Leaf length; LA, Leaf area; LAI, Leaf area index; EPP, No. of ear per plant; Ch, Chlorophyll content;
CDW, Cob wood weight; CDBP, Wood diameter in the beginning of cob; CDMP, Wood diameter in the middle of cob; CL, Cob length; DFEE, Appearance date of the first ear; ry;,
Correlation between index and additive value; 63, Variance of breeding value; K, Standard selection differential; AH = Kry; 8y, Amount of expected gain from the index for the total of
traits; RS, Response to selection; i=Selection intensity.

ISSR  JsSUse ,S5Lis 5l eolazwl b (Zea mays L.) &8 slbewsssy sl LPST (Smith) sl jasls -F Jous
Table 4. LPSI selection index (Smith) for maize genotypes (Zea mays L.) with ISSR molecular marker

Trait
Individual GWP PH PHE LL LA LAI EPP Ch CDW  CDBP CDMP CL DFEE Smith index

28 20.34 209.79 123.8 80.83 518.08 0.17 2 37.07 11.79 2.86 2.35 13.8 85.21 1094.70

76 60.29 185.43 79.28 60.94 426.87 0.15 2 39.07 19.09 2.77 2.35 14.32 83.33 991.68

65 61.17 179.07 75 62.93 369.90 0.13 1.99 36.13 20.20 2.72 2.48 16.12 77.98 936.50

61 73.73 203.83 84.15 72.56 543.74 0.18 2 43.75 29.01 3.32 2.85 17.53 76 933.73

62 82.17 182.32 70.3 63.06 459.56 0.16 2.17 41.32 21.73 2.93 2.62 16.5 81 932.03
Mean of selected individuals 59.54 192.09 86.51 68.06 463.63 0.16 2.03 39.47 20.36 2.92 2.53 15.65 80.70
Mean of all individuals 44.63 149.30 59.88 57.10 317.26 0.11 1.79 50.81 14.62 2.59 2.32 13.12 77.99
Selection differential 14.91 42.79 26.63 10.97 146.37 0.05 0.24 -11.35 5.74 0.33 0.21 2.53 2.71

Expected genetic gain based on index
for each trait (5%)
T GWP, Grain weight per plant; PH, Plant height; PHE, Plant height up to ear; LL, Leaf length; LA, Leaf area; LAI, Leaf area index; EPP, No. of ear per plant; Ch, Chlorophyll content;
CDW, Cob wood weight; CDBP, Wood diameter in the beginning of cob; CDMP, Wood diameter in the middle of cob; CL, Cob length; DFEE, Appearance date of the first ear.

16.52 32.51 22.69 9.15 91.34 0.03 0.01 99.15 4.18 0.25 0.25 2.26 3.49
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Table 5. The coefficients of identified QTLs for each of the studied traits in maize

GWP PH PHE LL LA LAI EPP
Marker B Marker B Marker B Marker B Marker B Marker B Marker B
820(1200) 9.21 B9(700) -14.35 B9(700) -7.92 890(900) -4.31 B9(700) -38.34 B9(700) -0.01 890(1000) -0.19
825(1000) 3.88 812(1000) -26.44 812(1000) -18.95 884(650) 421 884(650) 15.79 884(650) 0 825(1000) 0.38
841(350) -18.94 848(750) 7.2 884(550) 5.17 884(550) 50.36 884(550) 0.02
885(600) 18 812(1400) -2.41 812(1300) -14.04 812(1300) 0
812(1300) 0.48
Ch CDW CDBP CDMP CL DFEE
Marker B Marker B Marker B Marker B Marker B Marker B
B9 (700) 16.22 812(600) 2.83 812(1000) -0.34 890(1300) 0.08 812(1400) 2.3 807(460) -2.65
848(550) -8.49 885(600) 4.03 885(600) 0.14 812(1000) -0.36 825(1000) 14 812(1500) 2.18
A7(600) 64.01 885(500) -2.78 812(600) 0.07 827(1700) -1.74 841(350) 4.16
867(750) -2.35 AT7(600) 2.38
885(600) 1.81
885(500) -1.53

GWP, Grain weight per plant; PH, Plant height; PHE, Plant height up to ear; LL, Leaf length; LA, Leaf area; LAI, Leaf area index; EPP, No. of ear per plant; Ch, Chlorophyll content; CDW, Cob
wood weight; CDBP, Wood diameter in the beginning of cob; CDMP, Wood diameter in the middle of cob; CL, Cob length; DFEE, Appearance date of the first ear.

ISSR JsSUse ,SLis b (Zea mays L.) & )3 slacasgs sl LMST Glsasl jasli -F Jgoo

Table 6. LMSI selection index for maize (Zea mays L.) genotypes with ISSR molecular marker

Individual GWP PH PHE LL LA LAI EPP Ch CDW CDBP CDMP CL DFEE LMSI index
88 30.89 58.65 28.6 59.69 344.80 0.11 1.32 36.25 12.39 2.27 2.28 12.5 79.64 1304.58
16 46.24 128 45.45 42.59 256.61 0.09 2 34.57 13.54 2.28 2.15 11.73 83 1203.16
56 59.87 160.87 5542 50.83 261.98 0.09 1 37.39 20.83 2.85 2.35 16.37 80.17 1161.12
61 73.73 203.83 84.15 72.56 543.74 0.18 2 43.75 29.01 3.32 2.85 17.53 76 1083.91
102 12.20 166.71 58.8 53.70 290.95 0.10 1.99 46.28 13.25 2.25 2.07 14.5 80.49 1079.1

MSI 44.59 143.61 54.48 55.87 339.62 0.11 1.66 39.65 17.80 2.59 2.34 14.53 79.86
MAI 44.63 149.30 59.88 57.10 317.26 0.11 1.79 50.81 14.62 2.59 2.32 13.12 77.99
SD -0.04 -5.68 -5.39 -1.22 22.36 0.01 -0.13 -11.17 3.18 0.01 0.02 1.40 1.87
AG 21.13 34.32 23.70 9.26 99.31 0.03 0.02 43.12 2.90 0.27 0.05 1.66 2.79
Index parameter THI 8% K AH RS
Value 1.0 838.743 1.76 50.972 0.774

GWP, Grain weight per plant; PH, Plant height; PHE, Plant height up to ear; LL, Leaf length; LA, Leaf area; LAIL Leaf area index; EPP, No. of ear per plant; Ch, Chlorophyll content; CDW, Cob
wood weight; CDBP, Wood diameter in the beginning of cob; CDMP, Wood diameter in the middle of cob; CL, Cob length; DFEE, Appearance date of the first ear. MSI, Mean of selected
individuals; MAI, Mean of all individuals; SD, Selection differential; AG, Expected genetic gain based on index for each trait (5%); ru1, Correlation between index with additive value; 5,2.[,
Variance of breeding value; K, Selection differential in standard unit; AH, Expected genetic gain from the index for all traits; RS, Response to selection.
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Table 7. The ratio of the genetic gain for each trait (AG) and the expected gain for all traits (AH) using the
molecular index to phenotypic index in maize

& AH
Trait' GWP PH PHE LL LA LAl EPP Ch CDW CDBP CDMP CL DFEE —=2t
LPSI
AGpus;
Yo 1.28 106 1.04 101 1.09 1.00 2.00 043 0.69 1.08 020 0.73 0.80 0.31
LPSI

T GWP, Grain weight per plant; PH, Plant height; PHE, Plant height up to ear; LL, Leaf length; LA, Leaf area; LAI,
Leaf area index; EPP, No. of ear per plant; Ch, Chlorophyll content; CDW, Cob wood weight; CDBP, Wood diameter
in the beginning of cob; CDMP, Wood diameter in the middle of cob; CL, Cob length; DFEE, Appearance date of the
first ear.

ol 55l 5 parls (Ko a5 ol las ml IS (6 S A
155 (5l 505 oolle b LPST mslo o () b igss bl sl 5o adlle oyl o

LPSI asls oy AH) o3ls G,k 5l ol 2 oses AV 5 USeke &)3 Cames SO (g9, LMSI)
b 5l e 0-AY IMSI asli gl oVFYIYY ISSR JoSUge (slo ,Silis g SG3sled 90 Olas wlul
Sglite atld £95 & day Dlio (S5 S8 pen e Wb dmlie @al il slajlre pulel g 4

VOV



VoY Dbl g 0)lods [p20 sons 090 [ liions Ses § Cemgaix

s 0 @I eole, Sly e85 iy Oliee Cad @iged (lysar g
Alis ol G555 45 a8 aiS o oMol () ooty sls gkl o Sles 5 gy o P dlaws Slio
L) sy ool Sy aloz I a5 DU 5) S sboay S Ak 9 YA g Yo ey odsid 4 (JsSUse
Alod S g9 ilEss Ll g Jloyl b g laosls Ja= ool Cewody gl 4 dzgi b fgezme 10 09 Slao ul
g 009 Jrol Gilinis 15 SO ol dlie opl e g sn gty ainej (nl 5o @l j550 5 aslllas cnl )
b ris e 0 5 by @ & W j5be 055 alyl 3,85 o 0 sl > (el (sloogs o 45
ezl (6l b ol gt g outs e g Olo ciolen Slogus 5o 5 ob alepe LMSI a3t sblpe
Qalgi g A8, Dyge duled b oa,ii e 0 o ol yo a8 ols plowl LPSI arasgs L1y i35 s iy
35 b aslyS oS o2 (JoSIge sla o)l anse & g0
Ao Ll o3l 8L ol

o fd Oygo & dlie ol Ol L (OB) oainn s Sl 50 Buon (] &5 WS (oo a0l (OB) esinn s
o Jguz dyizee 5l osliinl oi> adS 5 00,5 cidlse 5L S plprear Wl oo a5 Jlo b o)l Lily, 43S o
S e N3STs 56 4 T 0yl 5 by g ol IS sl 00 plonil w9 s osilly adlis

References
Bernardo, R. 2010. Breeding for Quantitative Traits in Plants, 2™ Edition. Stemma Press, Woodbury,
MN, USA.

Branlard, G., Pierre, J. and Rousset, M. 1992. Selection indices for quality evaluation in wheat
breeding. Theoretical and Applied Genetics, 84, pp. 57-64. https://doi.org.10.1007/BF00223981.
Brim, C.A., Johnson, HW. and Cockerham, C.C. 1959. Multiple selection criteria in soybeans.
Agronomy Journal, 51, pp. 42-46. https://doi.org/10.2134/agronj1959.00021962005100010015x.
Cerén-Rojas, J.J. and Crossa, J. 2018. Linear selection indices in modern plant breeding. (eBook).

Springer. https://doi.org/10.1007/978-3-319-91223-3.

Cerén-Rojas, J.J. and Crossa, J. 2020. Combined multi-stage linear genomic selection indices to
predict the net genetic merit in plant breeding. G3: Genes, Genomes, Genetics, 10(6), pp. 2087-
2101. https://doi.org/10.1534/¢3.120.401171.

Ceréon-Rojas J.J. and Crossa J. 2022. The statistical theory of linear selection indices from
phenotypic to genomic selection. Crop Science, 62, pp. 537-563. https://doi.org/10.1002/csc2.20676.

Ceron-Rojas, J.J., Gowda, M., Toledo, F., Beyene, Y., Bentley, A.R. Crespo-Herrera, L.,
Gardner, K. and Crossa, J. 2023. A linear profit function for economic weights of linear
phenotypic  selection indices in  plant breeding. Crop  Science, pp. 1-13.
https://doi.org/10.1002/csc2.20882.

Crossa, J., Ceron-Rojas, J.J., Martini, J.W.R., Covarrubias-Pazaran, G., Alvarado, G., Toledo,
F.H. and Govindan, V. 2022. Theory and Practice of Phenotypic and Genomic Selection Indices.
In: Reynolds, M.P. and Braun, H.J. (Eds.). Wheat Improvement. Springer, Cham. pp. 593-616.
https://doi.org/10.1007/978-3-030-90673-3 32.

Dekkers, J.C.M. 2007. Prediction of response to marker-assisted and genomic selection using
selection index theory. Journal of Animal Breeding and Genetics, 124, pp. 331-341.
https://doi.org/10.1111/j.1439-0388.2007.00701 .x.

Dekkers, J.C.M. and Settar, P. 2004. Long-term selection with known quantitative trait loci. In:
Janick, J. (Es.). Plant Breeding Reviews. Part 1. Long-Term Selection: Maize. Vol. 24. John Wiley
and Sons, Inc. pp. 311-335. https://doi.org/10.1002/9780470650240.ch14.

Dekkers, J.C.M. and Dentine, M.R. 1991. Quantitative genetic variation associated with
chromosomal markers in segregating populations. Theoretical and Applied Genetics, 81, pp. 212-
220. https://doi.org/10.1007/BF00215725 .

Eagles, H.A. and Frey, K.J. 1974. Expected and actual gains in economic value of oat lines from five
selection methods. Crop Science, 14, Pp- 861-864.
https://doi.org/10.2135/cropscil1974.0011183X001400060026x.

VOA



VEY Ll g opled /oo jums 090 /M Clidiss Sy o ,Slas S5 sl JoSs0 5 peizid il glaasls

Emrani, S., Rezai, A. and Arzani A. 2008. Comparison of selection indices for yield and related
traits of barley under nitrogen stress and non-stress conditions. Journal of Crop Production
and Processing, 11(42), pp- 183-194. [In Persian].
https://dorl.net/dor/20.1001.1.22518517.1386.11.42.16.5.

Esheghi, R., Javid, O. and Samira, S. 2011. Genetic gain through selection indices in hulless barley.
International Journal of Agriculture and Biology, 13, pp. 191-197.

Falconer, D.S. and Mackay, T.F.C. 1996. Introduction to Quantitative Genetics. 4" Edition.
Longman, New York, 464 p.

Gazal, A., Nehvi, F.A., Lone, A.A., Dar, Z.A. and Wani, M.A. 2017. Smith Hazel selection
index for the improvement of maize inbred lines under water stress conditions. International
Journal of Pure and Applied Bioscience, 5(1), pp. 72-81.

Gill, H.S., Halder, J., Zhang, J., Brar, N.K., Rai, T.S., Hall, C., Bernardo, A., Amand, P.S., Bai,
G., Olson, E., Ali, S., Turnipseed, B. and Sehga, S.K. 2021. Multi-trait multi-environment
genomic prediction of agronomic traits in advanced breeding lines of winter wheat. Frontiers of
Plant Science, 12, 709545. https://doi.org/10.3389/fpls.2021.709545.

Gimelfarb, A. and Lande, R. 1994. Simulation of marker-assisted selection in hybrid populations.
Genetic Research, 63, pp. 39-47. https://doi.org/10.1017/S0016672300032067.

Gimelfarb, A. and Lande, R. 1995. Marker-assisted selection and marker-QTL associations in hybrid
populations. Theoretical and Applied Genetics, 91, pp. 522-528. https://doi.org/10.1007/BF0022298.

Ghaffari Azar, A., Darvishzadeh, R., Hatami Maleki, H., Kahrizi, D., Darvishi, B. and Bernoosi,
I. 2018. Identification of inter simple sequence repeat regions associated with agro-morphological
traits in maize genome. Cereal Research, 8(1), pp. 97-109. [In Persian].
https://doi.org/10.22124/c.2018.8211.1322.

Gravois, K.A. and McNew, R.W. 1993. Genetic relationships among and selection for rice yield and
yield components. Crop Science, 33, pp- 249-252.
https://doi.org/10.2135/cropsci1993.0011183X003300020006x.

Hazel, L.N. 1943. The genetic basis for constructing selection indexes. Genetics, 28, pp. 476-490.
https://doi.org/10.1093/genetics/28.6.476.

Hazel, L.N. and Lush, J.L. 1942. The efficiency of three methods of selection. Journal of Heredity,
33(11), pp. 393-399. https://doi.org/10.1093/oxfordjournals.jhered.al105102.

Hazel, L.N., Dickerson, G.E. and Freeman, A.E. 1994. The selection index: Then, now, and for the
future. Journal of Dairy Science, 77, pp. 3236-3251. https://doi.org/10.3168/jds.S0022-
0302(94)77265-9.

Hidalgo-Contreras, J.V., Salinas-Ruiz, J. and Eskridge, K.M. 2021. Molecular markers and causal
structure among traits using a Smith-Hazel index and structural equation models. Agronomy, 11,
1953. https://doi.org/10.3390/agronomy11101953.

Htwe, N.M., Aye, M. and Thu, C.N. 2020. Selection index for yield and yield contributing traits in
improved rice genotypes. International Journal of Engineering Research and Development, 11(2),
pp- 86-91.

Igbal, M., Semagn, K., Céron-Rojas, J.J., Crossa, J., Jarquin, D., Howard, R., Beres, B.L.,
Strenzke, K., Ciechanowska, 1. and Spaner, D. 2022. Identification of spring wheat with superior
agronomic performance under contrasting nitrogen managements using linear phenotypic selection
indices. Plants, 11, 1887. https://doi.org/10.3390/plants11141887.

Jannatdoust, M., Darvishzadeh, R. and Ebrahimi, M.A. 2014. Studying genetic diversity in
confectionary sunflower (Helianthus annuus L.) by using microsatellit markers. Crop
Biotechnology, 4(6), pp. 61-72. [In Persian]. https://dorl.net/dor/20.1001.1.22520783.1393.4.6.6.0.

Juliana, P., He, X., Poland, J., Roy, K.K., Malaker, P.K., Mishra, V.K., Chand, R., Shrestha, S.,
Kumar, U., Roy, C., Gahtyari, N.C., Joshi, A.K., Singh, R.P. and Singh, P.K. 2022. Genomic
selection for spot blotch in bread wheat breeding panels, full-sibs and half- sibs and index-based
selection for spot blotch, heading and plant height. Theoretical and Applied Genetics, 135, pp.
1965-1983. https://doi.org/10.1007/s00122-022-04087-y.

Karthikeya Reddy, S.G.P. and Babariya, C.A. 2020. Selection indices for yield improvement in
bread wheat (Triticum aestivum L.). Electronic Journal of Plant Breeding, 11(1), pp. 314-317.
https://doi.org/10.37992/2020.1101.056.

Kempthorne, O. and Nordskog, A.W. 1959. Restricted selection indices. Biometrics, 15(1), pp. 10-
19. https://doi.org/10.2307/2527598.

AR



VoY Dbl g 0)lods [p20 sons 090 [ liions Ses § Cemgaix

Khavari Khorasani, S. and Mahdi Poor A. 2018. Genetic improvement of grain yield by
determination of selection index in single cross hybrids of maize (Zea mays L.). Plant Genetic
Reseearch, 5(1), pp. 1-18. [In Persian]. https://dor.org/10.29252/pgr.5.1.1.

Lande, R. and Thompson, R. 1990. Efficiency of marker-assisted selection in the improvement of
quantitative traits. Genetics, 124, pp. 743-756. https://doi.org/10.1093/genetics/124.3.743.

Li, Z. 1998. Molecular Analysis of Epistasis Affecting Complex Traits. In: Paterson, A.H. (Ed.).
Molecular Dissection of Complex Traits. CRC Press, Boca Raton. pp.119-130.

Mahdy, R.E., Althagafi, Z.M.A., Al-Zahrani, R.M., Aloufi, H.H.K., Alsalmi, R.A., Abeed,
A.H.A., Mahdy, E.E. and Tammam, S.A. 2022. Comparison of desired genetic gain selection
indices in late generations as an insight on superior family formation in bread wheat (Triticum
aestivum L.). Agronomy, 12(8), 1738. https://doi.org/10.3390/agronomy12081738.

Mather, K. and Jinks, J.L. 1971. Biometrical Genetics: The Study of Continuous Variation.
Springer, New York. https://doi.org/10.1007/978-1-4899-3404-8.

Modarresi, M., Assad, M.T. and Kheradnam, M. 2004. Determining selection indices in corn
hybrids (Zea mays L.) to increase grain. Journal of Water and Soil Science, 7(4); pp. 71-82. [In
Persian]. https://dorl.net/dor/20.1001.1.24763594.1382.7.4.7.7.

Moreau, L., Lemarié, S., Charcosset, A. and Gallais, A. 2000. Economic efficiency of one cycle of
marker-assisted selection efficiency. Crop Science, 40, ppP- 329-337.
https://doi.org/10.2135/cropsci2000.402329x.

Moreau, L., Hospital, F. and Whittaker, J. 2007. Marker-Assisted Selection and Introgression. In:
Balding, D.J., Bishopm, M. and Cannings, C. (Eds.). Handbook of Statistical Genetics. 3" Edition.
John Wiley and Sons, Ltd. New York, pp. 718-751. https://doi.org/10.1002/9780470061619.ch21.

Moreira, S.0., Kuhlcamp, K.T., de Souza Barros, F.L., Zucoloto, M. and Godinho, T.O. 2019.
Selection index based on phenotypic and genotypic values predicted by REML/BLUP in Papaya.
Revista Brasileira de Fruticultura, 41(1), e-079. https://doi.org/10.1590/0100-29452019079.

Pacheco, A., Pérez, S., Alvarado, G., Ceron, J., Rodriguez, F., Crossa, J. and Burgueiio, J. 2017.
RIndSel: Selection Indices for Plant Breeding. hdl:11529/10854, CIMMYT Research Data and
Software Repository Network, V1.

Pesek, J. and Baker, R.J. 1970. An application of index selection to the improvement of self
pollinated  species.  Canadian  Journal of Plant  Science, 50, pp. 267-276.
https://doi.org/10.4141/cjps70-051.

Rabiei, B., Valizadeh, M., Ghareyazie, B. and Moghaddam, M. 2004. Evaluation of selection
indices for improving rice grain shape. Field Crops Research, 89, pp. 359-367.
https://doi.org/10.1016/j.fcr.2004.02.016.

Randhawa, H.S., Asif, M., Pozniak, C., Clarke, J.M., Graf, R.J., Fox, S.L., Humphreys, D.G.,
Knox, R.E., DePauw, R.M., Singh, A.K., Cuthbert, R.D., Hucl, P. and Spaner, D. 2013.
Application of molecular markers to wheat breeding in Canada. Plant Breeding, 132, pp. 458-471.
https://doi.org/10.1111/pbr.12057.

Robinson, H.F., Comstock, R.E. and Harvey, P.H. 1951. Genotypic and phenotypic correlations in
corn and their implications in selection. Agronomy Journal, 43, pp. 282-287.
https://doi.org/10.2134/agronj1951.00021962004300060007x.

Sabouri, H., Rabiei, B. and Fazlalipour, M. 2008. Use of selection indices based on multivariate
analysis for improving grain yield in rice. Rice Science, 15, pp. 303-310.
https://doi.org/10.1016/S1672-6308(09)60008-1.

Shah, S., Mehta, D. R. and Raval, L. 2016. Selection indices in bread wheat (Triticum aestivum L.).
Electronic Journal of Plant Breeding, 7(2), pp. 459-463. https://doi.org/10.5958/0975-
928X.2016.00059.4.

Smiderle, E.C., Furtini, 1.V., da Silva, C.S.C., Botelho, F.B.S., Resende, M.P.M., Botelho, R.T.C.,
Filho, J.M.C., de Castro, A.P. and Utumi, M.M. 2019. Index selection for multiple traits in
upland  rice  progenies. Revista de  Ciéncias  Agrdrias, 42(1), pp. 4-12.
https://doi.org/10.19084/RCA18059.

Smith, H.F. 1936. A discriminant function for plant selection. Annals of Eugenics, 7, pp. 240-250.
https://doi.org/10.1111/j.1469-1809.1936.tb02143.x.

Smith, O., Hallauer, A.R. and Russell, W.A. 1981. Use of index selection in recurrent selection
programs in maize. Euphytica, 30, pp. 611-618. https://doi.org/10.1007/BFO0038788.

Vo



VEY Ll g opled /oo jums 090 /M Clidiss Sy o ,Slas S5 sl JoSs0 5 peizid il glaasls

Suwantaradon, K., Eberhart, S.A., Mock, J.J., Owens, J.C. and Guthrie, W.D. 1975. Index
selection for several agronomic traits in the BSSS2 maize population. Crop Science, 15(6), pp.
827-833. https://doi.org/10.2135/cropscil975.0011183X001500060025x.

Strefeler, M.S. and Wehner, T.C. 1986. Estimates of heritabilities and genetic variances of three
yield and five quality traits in three fresh-market cucumber populations. The Journal of the
American Society for Horticultural Science, 111(4), PP- 599-605.
https://doi.org/10.21273/JASHS.111.4.599.

Tahmasbali, M., Darvishzadeh, R. and Fayaz Moghaddam, A. 2021. Evaluation of oriental
tobacco (Nicotiana tabacum L.) genotypes using selection indices under the presence and absence
of broomrape. Iranian Journal of Field Crops Research, 52(3), pp. 189-207. [In Persian].
https://doi.org/10.22059/1JFCS.2020.300277.654707 .

Zhang, W. and Smith, C. 1992. Computer simulation of marker-assisted selection utilizing linkage
disequilibrium. Theoretical and Applied Genetics, 83, Pp- 813-820.
https://doi.org/10.1007/BF00226702.

Zhang, W. and Smith, C. 1993. Simulation of marker-assisted selection utilizing linkage
disequilibrium: The effects of several additional factors. Theoretical and Applied Genetics, 86, pp.
492-496. https://doi.org/10.1007/BF00838565.

\ld!



