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GENETIC ANALYSIS OF GRAIN YIELD IN F, POPULATIONS FROM SINGLE
CROSS OF LOCAL RICE FOR DEVELOPING NEW TYPE OF UPLAND RICE

R. Herawati*, Masdar and Alnopri

Crop Production Department, Faculty of Agriculture,
University of Bengkulu, Indonesia

*Corresponding author’s email: reny.herawati70@gmail.com/reny.herawati@unib.ac.id
Email addresses of coauthors:masdar.msdr@gmail.com, alnopri_bkl@yahoo.co.id

SUMMARY

High production of rice is closely related to high yield component characters namely the
number of filled grains per panicle or the density of grains per panicle. The characters influence
the rice yield components, which are controlled by many genes that are influenced by the
environment’s condition. This research aims to analyze the genetic variety and the character

inheritance system-on rice grain yield grains-of F4 populations and to resutt-from-obtain the best

plant best—genotype. The research conducted in the Research Station of Department of
Agriculture and Animal Husbandry of Bengkulu University, Bengkutu-Provinee, Indonesia”. The
materials in this research were F3 Ggeneration Sseed consisting of 190 numbers ffrom the
pedigree selection which divided into [24 field numbers \resulting from single crosses between
local varieties (Bugis and Sriwijaya) with both IR7858-1 and N22 are tolerant to drought. The
research applied the Augmented Design Mith the spaced planting system\. The research resut
showeds that the rice grain yield of F4 populations is-was polygenic controlled by additively
gene actions. The heritability value and genetic variety coefficient of grain yield of F4
populations are classified as middle and high. The intensity of differentials selections
differentials-by 10 percent that is based on the grain weight/hill character increased the middle
value of other observed characters, like panicle length of 20.9%, the total number of grain
(48.4%), the filled grain number per panicle (59.7%), grain weight/hill of 40.9% and decreased
percentage of empty grain/panicle by 87.6%. Selection on both grain weight and panicle length
characters increased the grain weight/-hill of 69.5% with selection differential for the panicle

length of 21.8% in the next generation.
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Keywords:ngrain yield, F4 population, single cross, heritability, genetic variability\

Key findings:Conventionally specific local rice breeding on relatively dry land to increase high
yield rate could not be done without knowing the genetic constraints and inheritance systems are
desired. Studying the inheritance systems of characters to form the desired character is an
important first step in some segregated populations. The crossing would result in the
recombination of parental genes to form genetic diversity caused by segregated genes, which
interact with other genes. Selection would be optimum responsive whenever applying the right

selection criteria.
INTRODUCTION

Increasing rice production is presented through the varietal assembly with various pool
genes to obtain desirable high yields and some stress tolerances. [The assembhy-breeding of high
yielding varieties, resistant to pests, diseases, and environmental stresses are efforts to increase
rice productivity (Suwarno et al., 2002). fThe new plant type of rice is one of the superior
varieties that are widely developed today, both conventionally (Abdullah et al., 2008), and ren-
conventionaty-by biotechnology (Herawati et al., 2010; Safitri et al., 2010). Improving plant
idiotypes could achieve the 10% increase of rice yield potential. The IRRI formulated a new type
of rice idiotype (NTI) or a new plant type of rice (NPT) with 330 panicles.m-2 (10-15 stem hill-
1), with more than 150 grains panicle-1, 80% filled grain, 1000 grain weight 25 g (oven dry),
total biomass 22 tons ha-1 (14% moisture content), harvest index 0.5, thick leaves with dark

green and slower aging (Peng et al., 2008).

The characters that determine the production in rice are the number of panicles per hill,
the number of filled grains per panicle, and weigh of filled grain per hill (Xing and Zhang, 2010).
The number of grains per panicle contributed significantly to the crop yields which has been
being the primary key for early breeders to determine the model for rice yields (Zhou et al.,
2018). These complex characters determine the rice yield components and are controlled by
many genes being influenced by environmental conditions (Huang et al., 2010; lkeda et al.,

2013). Previous researchers identified genes that regulate these characters, including genes that

( comment [U4]: Order alphabetically )
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control the tiller formation and branching panicles (Liang et al., 2014), several genes related to
the number of grains per panicle and grain size (Zhou et al., 2018; Guoa et al., 2018), some
genes that regulate plant architecture and grain yield (Zhou et al., 2016).

Conventionally specific local rice breeding on dry land to improve high yield rate cannot
be done without knowing the genetic constraints and inheritance patterns of desired traits.
Studying the inheritance pattern of characters for desired characters is an essential first step in
assemblhing-breeding a variety of plants. Crossing between two individual plants with different
characters would result in the segregated population. The segregated population consisting of
individuals which are genetically diverse and would still segregate in the next generation.
Genetic differences in the segregated populations could be evaluated not only morphologically
but also through molecular markers (Prabakaran et al., 2010; Ndjiondjop et al., 2018). Selection
would provide an optimal response if applying the right selection criteria. The selection
successfulness is influenced by genetic diversity and heritability (Ogunniyan and Olakojo, 2014;
Srivastava et al., 2017). This study aims to study-know the genetic diversity and the character
inheritance pattern of grain yields in the F4 population and to get the best genotype from the

selection.
MATERIALS AND METHODS

These experiments were conducted from November 2017 to April 2018 in the Research
Station of Department of Agriculture and Animal Husbandry, University of Bengkulu, Bergkulu
Provinee, Indonesia. Post-trial observations were conducted at the Laboratory of Crop
Production, Faculty of Agriculture, the University of Bengkulu. fThe materials in this research
were F3 Ggeneration Sseed consisting of 190 numbers from pedigree selection which divided
into 24 field numbers resulting from single crosses between local varieties namely Bugis and
Sriwijaya with IR7858-1 and IR148+ both of which were drought tolerant (Sriwijaya/IR-148+,

Sriwijaya/IR-7858-1, Bugis/IR-148+, and Bugis/IR-7858-1). fThe experiments applied an ( comment [U7]: See comment (U2) )
augmented design with a spaced planting system, with a planting space of 20 cm x 20 c¢cm, and

one seed in each hole in a head-to-row system,| Each number was planted with six lines consisted ( Comment [U8]: See comment (U3) )
of £ 800 populations. Fertilization applied hwice\, first fertilization at ten days after planting m?gmer;tf e[rttjiﬁz];tgglytwice? Rice usually need }

(DAP) with 150 kg/ha Urea, 100 kg/ha SP36 and 100 kg/ha KCI. The second fertilization applied



30 DAP with 100 kg/ ha Urea, 100 kg/ha SP36 and 100 kg/ha KCI. Control of weeds, pests, and
diseases had been intensively done. Observations were made on the length of panicles, the total
number of grains/panicles, the number of filled grains/panicle, the percentage of empty
grains/panicle, and the weight filled grain/hill. Furthermore, the data were analyzed with

Microsoft Excel and Minitab 15 statistical programs.
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Gene Action Estimation

Estimation of gene action is based on the value of skewness and kurtosis (Roy 2000). The
skewness = 0 means the action of additive genes controls the character, the skewness < 0 means
additive genes act with duplicated epistasis, skewness > 0 means additive genes complementarily

act with epistasis. Skewness values estimation applies the below equation:

L, (Vi—1)3
SkewlleSS = W

Kurtosis describes the shape of the distribution curve. The kurtosis value is negative
shows the shape of the graph is platykurtic, many genes control the character, The kurtosis is
positive, the leptokurtic graph indicates a few genes control the character. The value of kurtosis

applies the below equation:

Sy (Yi— 1)t

Kurtosis =
W —1)st

, N = data number.

where, Yi = genotype value for fith, S = deviation standards

The statistics for these two parameters follow the normal standard distribution, with critical
values for two-way testing, namely Z0.05/2 = 1.96 and Z0.01/2 = 2.57.

The selection differential estimation is the difference between the averagely selected
plant percentage and the population initial average that is divided by the population initial
average x 100%. Furthermore, the initial average is the average value of the entire population.
The average of selected plants is the average value of all selected individuals in the F4

population.
RESULTS
Varian Analysis and Heritability

The estimated value of variety and heritability of the F4 population resulting from the
crossing of Sriwijaya/N22, Sriwijaya/IR-7858-1, Bugis /N22, and Bugis/IR-7858-1 are presented

[ Comment [U14]: ???
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in Table 1. The coefficient of genetic diversity of the characters of grain yield resulted in
moderate to broad criteria based on Knight (1979) which ranged from 7.63-62.46 (Table 1).
Genetic diversity among the tested characters plays essential roles in breeding for some desired
characters (Mazid et al., 2013; Ndjiondjop et al., 2018). The selection process for each character
will be more effective if the character expresses broad phenotypic and genetic diversity values.
The greater the genetic diversity of a population, the greater the opportunity to gain the desired
character (Srivastava et al., 2017; Ndjiondjop et al., 2018). The high diversity in the character of

the tested grain yield proves that the individual crosses express the different genetic background.
Skewness and Kurtosis Analysis

The frequency distribution analysis of characters of the-foHowing-panicle length, the total
number of grain/panicle, the number of filled grain/panicle, the percentage of unfilled grain/
panicle, and grain weight per hill in the F4 population shows some continuous distribution
patterns (Figure 1-5). This expresses that many genes quantitatively control the character. The
gene action estimation analysis by Z skewness and kurtosis test on the F4 population (Table 2)
shows that all the observed characters are not significantly different, which means that the

character data are normally distributed and controlled by many genes with additive gene action.

The skewness and kurtosis analysis is the main tool to trace epistasis in the resulted
population. In general, epistasis presents a very small value which is almost negligible, but
whenever the action of the epistatic gene is detected, the plant phenotype would be affected. The
impact of dominance and epistasis gene action would be decreased on each generation, instead of
the proportion of additive genes would increase (Roy, 2000). The negative (platykurtic) or
positive (leptokurtic) kurtosis values directly show the number (many or few) of additive genes
involved in each character control. Each negative and positive skewness indicates respectively
duplicate and complementary epistasis (Jayaramachandran et al., 2010; Roy, 2000). According to
Lestari et al. (2015) whenever the distribution of genotypes of a character spreads abnormally
and expresses the skewness, the character should be influenced by the action of non-additive
genes. Almost all of the observed characters show no skewness so that the grain yield characteris
controlled by the additive genes action (Figure 1-5). The additive gene action on grain

characteristics which is consistently found in all resulted population indicates that the character



is a stable one. Mahmood et al. (2004) and Saleem et al. (2005) showed that additive gene action | {Comment [U17]: What is the additive, dominant
and epistatic gene actions mean???

affected the character which controls the number of primary branches in panicles. Saleem et al.
(2005) also reported that additive gene action affected the character of panicle length and grain
density. Lestari et al. (2015) also reported that panicle length was consistently controlled by the
additive gene action in two crossing populations of rice. Characters that are controlled by the
additive gene action indicate that selection can take place in the early generation due to these
characters could be expressed in the next generation. Conversely, the characters that are
controlled by the dominant or epistatic gene actions, the selection could be on the next
generation (Mahalingam et al., 2011; Sulistyowati et al., 2015). Kurtosis analysis of grain yield
(Tabel 2) shows that almost all grain yield characteristics are controlled by many genes
(polygenic). Many genes generally control the grain yield characters. The number of genes that
control the character should affect the breeding difficulties (Roy, 2000; Luo et al., 2013; Lestari
etal., 2015).

The F4 Population Selection Differential

The selection aims to obtain the higher frequency of desired genes for the next
generation. The selection effectiveness of quantitative characters could be counted from the
selection differential value. The selection differential is the difference between the middle value
of the selected population and its basic population (Roy 2000). The selection differential could
illustrate the superiority of selected individuals compared to their basic population. The selection
in this study is aimed to produce new type_of upland rice with dense panicles (>150 filled grains
per panicle), all tillers are productive tillers (> 6), seed filling > 70%, plant height less than 150
cm, early maturity age (less than 130 days), flag leaf angle 10°-15°, second and third leaves are
slightly drooped so that the canopy becomes wider, stem diameter>0.7 cm (Herawati et al.,
2010). This research results show that the selection based on the character of the grain
weight/hill should increase the middle value of other observed characters as namely panicle
length of 20.9%, the total number of grain (48.4%), number of filled grain per panicle (59.7%),
and decreased percentage of empty grain by 87.6% (Table 3). \Selection with 10% intensity

would increase grain weight/hill by 40.9% in the next generation.\ Comment [U18]: How about this experiment?

How many selection intensity used?




DISCUSSION

The diversity of plant populations is highly essential for plant breeders to begin

assembling-the new varieties breeding program. The size of the diversity determines the success

of selection. The selection is the basis of all breeding activities to obtain new superior varieties.
The higher the genetic diversity of a population, the higher the potential to get the desired
characters (Srivastava et al., 2017; Ndjiondjop et al., 2018). Heritability shows some
comparisons between the genetic variability and the total number of character phenotypes. The
numbers illustrate how the phenotype reflects the genotype. The heritability estimation values on
grain yield characteristics indicate high criteria based on Stanfield (1983), which ranges between
0.78 t0 0.99 (Table 1). The similar one was reported by Govintharaj et al. (2016) and Srivastava
et al. (2017) that the character of the number of grains per panicle and filled grain per panicle
expresses some high heritability value. Akhmadi et al. (2017) reported some high heritability
values on the panicle length characters. High heritability values express significant meaning in
the selection effectiveness. Selection on characters with high heritability values would be
effective and could be applied to the early generation due to small environmental influences on
these characters (Akinwale et al., 2011). The heritability estimations are significant manner due
to the numbers could determine which characters could be applied as the selection

determinations.

Crossings would recombine genes from the parental ones. The genetic diversity is due to
the presence of genes that segregate and interact with other genes, especially in the early
generations to increase the heterozygosity level (Sjamsudin 1990). The F4 population expresses
a transgressive segment which is indicated by the value range are higher or lower than both
parents (Figure 1-5). The middle value of panicle length population of 27.6 cm larger than the
parent range of 18-23.8 cm (Figure 1). Panicle length is the influential character on the grain
yield. During panicle development, inflorescence meristems are important regulators which
initiate the main branch to produce secondary branches which produce grains (Li et al. 2013).
Panicle length is consistently controlled by additive action involving many genes in two
populations of crossed rice (Lestari et al.,, 2015; Ramadhan et al.,, 2018). Transgressive
segregation due to an accumulation of benefited genes from both parents through gene

recombination, the opportunity to select performances better than parents (Springer and Schmitz,



2017). The distribution analysis of character phenotypes as a yield component on the number of
filled grains per panicle (Figure 3), the percentage of empty grains (Figure 4), and grain weight
per hill (Figure 5) in the F4 population show the average value higher than their parents. The
character expresses the opportunity to increase the yield component character which followed by
the increase of grain yield. In general, grain yield is genetically influenced by three main
characters, namely the number of panicles per hill, the number of filled grains per panicle, and
grain weight per hill, and all three are controlled by many genes (Xing et al., 2010; Zhou et al.,
2018). Zhou et al. (2016) have studied the DHHC-type, zinc finger protein genes which regulate

tiller formation in rice, and these genes increase tiller by 40%.

The percentage analysis of F4 population at each crossing based on grain weight/hill
shows that the crossed Sriwijaya/N22 produced the highest grain weight per hill 105.7 grams,
followed by Sriwijaya/IR7858-1 84.57 grams, and Bugis/N22 81.57 grams, and Bugis/IR7858-1
63.6 grams (Figure 6). The number and size of the grain is the agronomic character that
determines the grain yield. The number of grains per panicle contributes to the formation of grain
and is significantly influence the rice yield (Zhou et al., 2018). Gou et al. (2018) revealed that
higher expression of mutant GSN1 increase grain numbers but decrease the grain size. The GSNI
was directly deactivating mitogen-activated protein kinase OsMPK®6 through dephosphorization.
Furthermore, Zhou et al. (2018) have identified a major quantitative trait locus (QTL) on

chromosome number 4 which is highly influence the number of grains per panicle.

Selection with one character often sacrifices other characters that also play an important
role at the yield component characters. The weakness of individual character selection could be
overcome by simultaneous selection where each selection is performed on several characters.
Simultaneous selection in the F4 population of the single cross is based on the character of grain
weight/hill, and panicle length is expectedly obtaining high yield plants with longer panicle. The
selection by two characters increases the grain weight/hill by 69.5% with selection differential
values for panicle length of only 21.8% in the next generation. The research results also show an
increased on other characters, namely the total grain size of 55.4%, the number of filled grain per
panicle 68.4%), and decreased on empty grains by 210.5% (Table 4).
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Higher estimation of genetic diversity is supported by higher heritability values which
indicate the character could be used as a selection goal due to the characters are determined by
genetic factors so that the selection would be effective and efficient (Ogunniyan and Olakojo,
2014; Srivastava et al., 2017). This experiment result indicates that whole characteristics of
observed grain yield express both high heritability and genetic diversity values so that both high
heritability and genetic diversity value could be selection goals no matter with single or multiple
character methods. fThe selection on the higher filled grain numbers and dense panicle character,
no matter the rice panicles length, are significant to be considered for the new type upland rice

with high yield rate.
ACKNOWLEDGEMENTS

Acknowledgments and awards to the Ministry of Research, Technology and Higher Education,
the Republic of Indonesia which funded this research through National Strategic Research in the
2018 budget year (Contract number 584 / UN30.15/ LT / 2018).

REFERENCES

Abdullah B, Dewi IS, Sularjo, Safitri H, Lestari AP (2008). ]Perakitan padi tipe baru melalui

seleksi silang berulang dan kultur anter. Penelitian Pertanian Tanaman Pangan\ 27(1):1-8.

Akhmadi G, Purwooko BS, Dewi IS, Wirnas D_(2017). Pemilihan karakter agronomi untuk

seleksi pada galur-galur padi dihaploid hasil kultur antera. J. Agron. Indonesia 45:1-8.

Akinwale MG, Gregorio G, Nwilane F, Akinyele BO, Ogunbayo SA, Odiyi AC (2011).
Heritability and correlation coefficient analysis for yield and its components in rice (O. sativa
L.). Afr. J. Plant Sci. 5:207-212.

Govintharaj P, Tannidi S, Swaminathan M, and Sabariappa R_(2016). Estimates of genetic
variability, heritability and genetic advance for blast resistance gene introgressed segregating
population in rice. Int. J. Curr. Microbiol. App. Sci. 5(12): 672-677.

Guoa T, Chena K, Donga N, Shia C, Yea W, Gaoa J, Shana J, Lin H(2018). Grain size and
numberl negatively regulates the OSMKKK10-OsMKK4-OsMPK6 cascade to coordinate the

11

Comment [U19]: How about the farmer’s
preference??? Is this conclution ok?

Comment [U20]: How about the journal
guideline? Is it ok using “bahasa” in the reference
title?




trade-off between grain number per panicle and grain size in rice. Plant Cell Advance
Publication. Published on March 27, 2018, doi:10.1105/tpc.17.00959.

Herawati R, Purwoko BS, and Dewi IS (2010). Characterization of doubled haploid derived from
antherculture for new type upland rice. J. Agron. Indonesia 38(3): 170-176.

Huang XH, Wei XH, Sang T, Zhao Q, Feng Q, Zhao Y, Li C, Zhu CR,Lu T, Zhang Z, Li M,
Fan DL, Guo YL, Wang AH, Wang L, Deng LW, Li WJ, Lu YQ, Weng QJ, Liu KY, Huang T,
Zhou TY, Jing YF, Li W, Lin Z, Buckler ES, Qian Q, Zhang QF, Li JY, Han B (2010). Genome-

wide association studies of 14 agronomic traits in rice landraces. Nat. Genet. 42:961-967.

]Huo X,Wu S, Zhu Z, Liu F, Fu Y, Cai H, Sun X, Gu P, Xie D, Tan L, and Sun C(2017). NOG1

increases grain production in rice. Nat. Commun. 8: 1497.\

lkeda M, Miura K, Aya K, Kitano H, Matsuoka M(2013). Genes offering the potential for
designing yield-related traits in rice. Curr. Opinion Plant Biol. 16:213-220.

Knight R(1979). Practical in Statistic and Quantitative Genetic. Brishane (AU): Australian Vice-
Chancellors Committee.

Lestari AP, Suwarno, Trikoesoemaningtyas, Sopandie D, Aswidinnoor H (2015). Panicle length
and weight performance of F3 population from local and introduction hybridization of rice
varieties. HAYATI J. Biosci. 22(2):87-92.

Liang W, Shang F, Lin Q, Lou C, Zhang J(2014). Tillering and panicle branching genes in rice.
Gene 537:1-5.

Li S, Zhao B, Yuan D, Duan M, Qian Q, Tang L, Wang B, Liu X, Zhang J, Wang J, Sun J, Liu
Z, Feng YQ, Yuan L, Li C (2013). Rice zinc finger protein DST enhances grain production
through controlling Gn1a/OsCKX2 expression. Proc. Natl. Acad. Sci., USA 110:3167-3172.

Mazid MS, Rafii MY, Hanafi MM, Rahim HA, Shabanimofrad M, Latif MA(2013). Agro-
morphological characterization and assessment of variability, heritability, genetic advance and

divergence in bacterial blight resistant rice genotypes. South Afr. J. Bot. 86:15-22.

12

[ Comment [U21]: Not citated




Ndjiondjop MN, Semagn K, Sow M, Manneh B, Gouda AC, Kpeki SB, Pegalepo E, Wambugu
P, Sié M, Warburton ML(2018). Assessment of genetic variation and population structure of
diverse rice genotypes adapted to lowland and upland ecologies in Africa using SNPs.Front.
Plant Sci. 9:446.

Ogunniyan DJ and Olakojo SA(2014). Genetic variation, heritability, genetic advance and
agronomic character association of yellow elite inbred lines of maize (Z. mays L.). Nigerian J.
Genet. 28:24-28.

Peng S, Khush GS, Virk P, Tang Q, and Zou Y(2008). Progress in ideotype breeding to increase
rice yield potential. Field Crops Res. 108(1):32-38.

Prabakaran A, Pramasivam K, Rajesh T, Rajanrajan D (2010). Molecular characterization of rice
landrace using SSR markers. Electr. J. Plant Breed. 1:512-516.

Ramadhan F, Suwarno WB, Nindita A, Aswidinnoor H(2018). Genetic analysis of panicle
architecture using two F, population in rice. J. Agron. Indonesia 46(1):1-8.

Roy D(2000). Plant Breeding: Analysis and Exploitation of Variation. New Delhi: Narosa, India.

Safitri H, Purwoko BS, Wirnas D, Dewi IS, Abdullah B(2010). Anther culture ability from

crosses between upland and new plant types of rice. J. Agron. Indonesia 38(2):81-87.

]Seyoum M, Alamerew S, Bantte K(2012). Genetic variability, heritability, correlation coefficient
and path analysis for yield and yield-related traits in upland rice (O. sativa L.). J. Plant Sci. 7:13-
22|

Springer NM and Schmitz RJ(2017). Exploiting induced and natural epigenetic variation for crop
improvement. Nature Rev. Genet. 18:563-575

Srivastava N, Babu GS,Singh ON, Verma R, Pathak SK, Behra M, Jena D and Chanda M(2017).
Genetic variation, heritability and diversity analysis of exotic upland rice (O. sativa L.)
germplasms based on quantitative traits. The Pharma Innov. J. 6(12): 316-320

13

[ Comment [U22]: Not citated




Stanfield WD(1983). Theory and problems of genetics, 2" edition. Schains Outline Series.
Mc.Graw Hill Book Co. New Delhi.

Suwarno, Lubis E, Alidawati, Somantri IH, Minantyorini, Bustaman M(2002). Perbaikan
varietas padi melalui markah molekuler dan kultur antera. hal. 53-62. Dalam I. Mariska, I.H.
Somantri, .M. Samodra, A.D. Ambarwati, J. Prasetiono, I.N. Orbani (Eds.) Prosiding Hasil
Penelitian Rintisan dan Bioteknologi Tanaman. Bogor 26-27 Desember 2001.

Sulistyowati Y, Trikoesoemaningtyas, Sopandie D, Ardie SW, Nugroho S (2015). Estimation of
genetic parameters and gene actions of sorghum (S. bicolor L.) Moench) tolerance to low P
condition. Int. J. Agro. Agri. Res. 7:38-46.

Xing YZ, Zhang QF (2010). Genetic and molecular bases of rice yield. Annu. Rev. Plant Biol.
61:1-22.

N\/u Y, Wang Y, Mi XF, Shan JX, Li XM, Xu JL, Lin HX(2016). The QTL GNP1 encodes
GA200x1, which increases grain number and 842 yield by increasing cytokinin activity in rice
panicle  meristems. Hake S, ed. PLoS  Genetics.  2016;12(10):e1006386.
doi:10.1371/journal.pgen.1006386.

Zhou B, Lin JZ, Peng D, Yang YZ, Guo M, Tang DY, Tan X, Liu XM(2016). Plant architecture
and grain yield are regulated by the novel DHHC-type zinc finger protein genes in rice (O. sativa
L.), Plant Sci.254:12-21.

Zhou Y, Tao Y, Yuan Y, Zhang Y, Miao J, Zhang R,Yi C, Gong Z, Yang Z, Liang G(2018).
Characterization of a novel quantitative trait locus, GN4-1, for grain number and yield in rice

(O. sativa L.). Theor. Appl. Genet. 131(3):637-648

14

[ Comment [U23]: Not citated




Table 1. Genetic Analysis on the Grain Yield of F4 Populations in the Single Crossing of Local Rice Variety

Characters 6%g *%p o’e KKG (%) Criteria HBSh,,  Criteria
Panicle length 4.46 5.70 1.24 7.63 moderate 0.78 high
Total number of 204234 302500 8266 2551 broad 0.97 high
grains per panicle

The number of

filled grains per 2588.42 2669.15 80.73 30.09 broad 0.97 high
panicle

Percentage of

empty grain per 159.74 162.58 2.84 62.46 broad 0.98 high
panicle

fiﬁ’“” weight per 101949 102141 191 51.49 broad 0.99 high
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Table 2. Estimation of Gene Action and Number of Genes of Grain Yield Character in F4 Population from Single

Crossing of Local Rice Varieties

Number of
Characters Skewness Zsewness Gene Action Kurtosis Zyurtosis Control
Genes

Panicle length 0.11 0.05"™ additive 2.86 1.35™ many
Total number of 049 001™ additive 284 0.05™ many
grains per panicle : : ' '
The number of dditi
filled grains per 0.68 0.01™ additive 2.88 0.06™ many
panicle
Percentage of dditi
empty grain per 0.97 0.08™ addruve 3.03 0.24"™ many
panicle
orain weight per 0.41 0.01™ additive 2.34 0.07" Mmany

kurtosis > 0 = a few gene, kurtosis < 0 = many genes (Roy 2000), ns= no significant at 5% level
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Table 3. The Selection differential based on grain weight/hill character in the F4 populations from a single cross of
local rice variety for new type upland rice

Characters Earl);\?;g;leation Selectzseprggslation SelectionaE(IJ/;j)ifferential
Panicle length 219 21.7 20.9
Total number of grains per panicle 109.8 212.6 484
The number of filled grains per panicle 68.1 169.1 59.7
Percentage of empty grain per panicle 37.97 20.2 -87.6
Grain weight per hill 36.63 62.0 40.9
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Table 4. The selection differential based on grain weight/hill and panicle length character in the F4 populations
from a single cross of local rice variety for new type upland rice

T e ST s )
Panicle length 21.9 28.0 21.8
Total number of grains per panicle 109.8 246.2 55.4

The number of filled grains per panicle 68.1 215.6 68.4
Percentage of empty grain per panicle 37.97 12.2 -210.5
Grain weight per hill 36.63 120.2 69.5
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SUMMARY

High production of rice is closely related to high yield component characters namely the
number of filled grains per panicle or the density of grains per panicle. The characters influence
the rice yield components, which are controlled by many genes that are influenced by the
environment’s—eondition. This research aims to analyze the genetic variety and the character
inheritance system on rice grain yield grains-of F4 populations and to resut-fremidentify the best
plant best—genotype. The research conducted in the Research Station of Department of
Agriculture and Animal Husbandry of Bengkulu, Bengkulu Province, Indonesia”. The materials
in this research were F3 Generation Seed consisting of 190 numbers from the pedigree selection
which divided into 24 field numbers resulting from single crosses between local varieties (Bugis
and Sriwijaya) with both IR7858-1 and N22 are tolerant to drought. The research applied the
Augmented Design with the spaced planting system. The research result shows that the rice grain
yield of F4 populations is polygenic controlled by additively gene actions. The heritability value
and genetic variety-coefficient_-of variation for grain yield of F4 populations are classified as
middle and high. The intensity of selections differentials by 10 percent that is based on the grain
weight/hill character increased the middle value of other observed characters, like panicle length
of 20.9%, the total number of grain (48.4%), the filled grain number per panicle (59.7%), grain
weight/hill of 40.9% and decreased percentage of empty grain/panicle by 87.6%. Selection on
both grain weight and panicle length characters increased the grain weight/ hill of 69.5% with

selection differential for the panicle length of 21.8% in the next generation.
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Key findings:_Conventionally specific local rice breeding on relatively dry land to increase high
yield rate could not be done without knowing the genetic constraints and inheritance systems-are
desired. Studying the inheritance systems of characters to form the desired character is an
important first-step in some segregatsegregatinged populations. The crossing would result in the
recombination of parental genes to form genetic diversity caused by segregatinged genes, which
interact with other genes. Selection would be optimum responsive whenever applying the right

selection criteria.
INTRODUCTION

Increasing rice production is presented through the varietal assembly with various gene
pool genes-to obtain desirable high yields and some stress tolerances. The assembly of high
yielding varieties, resistant to pests, diseases, and environmental stresses are efforts to increase

rice productivity (Suwarno et al., [ZOOZD. The new type rice is one of the superior varieties that

are widely developed-teday, both conventionally (Abdullah et al., 2008), and non-conventionally
through biotechnology (Herawati et al., 2010; Safitri et al., 2010). Improving plant idiotypes
ideotypes could achieve the-10% increase of rice yield potential. The IRRI formulated a new
type of rice idiotype-ideotype (NTI) or a new plant type of rice (NPT) with 330 paniclesflm;2 (10-
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15 stemtillers hill™*), with more than 150 grains panicle™, 80% filled grain, 1000 grain weight 25

g (oven dry), total biomass 22 tons ha™ (14% moisture content), harvest index 0.5, thick leaves

with dark green and slower aging (Peng et al., 2008).

The characters that determine the production in rice are the number of panicles per hill,
the number of filled grains per panicle, and weigh of filled grain per hill (Xing and Zhang, 2010).
The number of grains per panicle contributed significantly to the crop yields—which-hasyields
which have been being the primary key for early-breeders to determine the model for rice yields
(Zhou et al., 2018). These complex characters determine the rice yield components and are
controlled by many genes being influenced by environmental conditions (Huang et al., 2010;
Ikeda et al., 2013). Previous researchers identified genes that regulate these characters, including

genes that control the tiller formation and branching panicles (Liang et al., 2014), several genes
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related to the number of grains per panicle and grain size (Zhou et al., 2018; Guoa et al., 2018),

some genes that regulate plant architecture and grain yield (Zhou et al., 2016).

Conventionally specific local rice breeding on dry land to improve high yield rate cannot
be done without knowing the genetic constraints and inheritance patterns of desired traits.
Studying the inheritance pattern of characters for desired characters is an essential first step in
assembling a variety of plants. Crossing between two individual plants with different characters
would result in the segregated population. The segregated population consisting of individuals
which are genetically diverse and would still segregate in the next generation. Genetic
differences in the segregated populations could be evaluated not only morphologically but also
through molecular markers (Prabakaran et al., 2010; Ndjiondjop et al., 2018). Selection would
provide an optimal response if applying the right selection criteria. The selection successfulness
is influenced by genetic diversity and heritability (Ogunniyan and Olakojo, 2014; Srivastava et
al., 2017). This study aims to study genetic diversity and the character inheritance pattern of

grain yields in the F,4 population and to the best genotype from the selection.
MATERIALS AND METHODS

These experiments were conducted from November 2017 to April 2018 in the Research
Station of Department of Agriculture and Animal Husbandry of Bengkulu, Bengkulu Province,
Indonesia. Post-trial observations were conducted at the Laboratory of Crop Production, Faculty
of Agriculture, the University of Bengkulu. The materials in this research were F3

consisting of 190 from pedigree selection which
divided into 24 field numbers resulting from single crosses between local varieties namely Bugis
and Sriwijaya with IR7858-1 and IR148+ both of which were drought tolerant (Sriwijaya/IR-
148+, Sriwijaya/IR-7858-1, Bugis/IR-148+, and Bugis/IR-7858-1). The experiment

augmented design with with a planting space of 20 cm x
20 cm, and one seed in each hole in a head-to-row system. Each was planted
with six consisted of + 800 populations. Fertilization applied twice, first fertilization

at ten days after planting (DAP) with 150 kg/ha Urea, 100 kg/ha SP36 and 100 kg/ha KCI. The
second fertilization applied 30 DAP with 100 kg/ ha Urea, 100 kg/ha SP36 and 100 kg/ha KCI.

Control of weeds, pests, and diseases had been intensively done. Observations were made on the

Formatted: Font color: Black, Subscript

Formatted: Subscript



length of panicles , the total number of grains/panicles, the number of filled
grains/panicle, the percentage of empty grains/panicle, and the weight filled grain/hill.
Furthermore, the data were analyzed with Microsoft Excel and Minitab 15 statistical programs.

Variety and Heritability Components Estimation

The data were analyzed to estimate the phenotypice variance (o°p), genetic variability
varianve (c°g), the variety of environment (c%), the coefficient of genetic diversity (CGD), the
standard deviation of genetic variability (co’g) and broad sense heritability (hbs) can be

calculated using the formula of:

xi—x?
Variance (¢2) = M
n—1
Phenotype variance (6°p)= 6°F4 ( Formatted: Subscript
(c2e) = o2P1 + olP2
Variety of environment geer= 2z

Genetic variability (6%g) = o%p - o%

Heritability (hbs) = :z—i

Heritability values according to Stanfield (1983) is classified as high if hbs>= 0.50,
moderate if 0.20 >hbs> 0.50, and low if hbs<0.20. The coefficient of genetic diversity (CGD) is
used to estimate the genetic diversity of each character calculated based on the following formula
(Knight 1979):

—
o2
CcGD =2 = 8 100%

where, 6°g = genetic diversity and X = average of population value

Criteria: narrow (0-10%), moderate (10-20%) and broad (> 20%).



Gene Action Estimation

Estimation of gene action is based on the value of skewness and kurtosis (Roy 2000). The
skewness = 0 means the action of additive genes controls the character, the skewness < 0 means
additive genes act with duplicated epistasis, skewness > 0 means additive genes complementarily

act with epistasis. Skewness values estimation applies the below equation:

5, (Vi — 1)

Skewll@ss =
N —1)?

Kurtosis describes the shape of the distribution curve. The kurtosis value is negative
shows the shape of the graph is platykurtic, many genes control the character, Fhe-the kurtosis is
positive, the leptokurtic graph indicates a few genes control the character. The value of kurtosis

applies the below equation:

s (Vi = 1)t

Kurtosis =
W — 1)t

where, Yi = genotype value for ith, S = dewiatien-standards deviation, N = data number.

The statistics for these two parameters follow the normal standard distribution, with critical
values for two-way testing, namely Z0.05/2 = 1.96 and Z0.01/2 = 2.57.

The selection differential estimation is the difference between the averagely selected
plant percentage and the population initial average that is divided by the population initial

average x 100%. Furthermore, the initial average is the average value of the entire population.

The average of selected plants is the average value of all selected individuals in the Fs

population.
RESULTS
Varian Analysis and Heritability

The estimated value of variety and heritability of the F4 population resulting from the
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in Table 1. The coefficient of genetic diversity of the characters of grain yield resulted in
moderate to broad criteria based on Knight (1979) which ranged from 7.63-62.46 (Table 1).
Genetic diversity among the tested characters plays essential roles in breeding for some desired
characters (Mazid et al., 2013; Ndjiondjop et al., 2018). The selection process for each character
will be more effective if the character expresses broad phenotypic and genetic diversity values.
The greater the genetic diversity of a population, the greater the opportunity to gain the desired
character (Srivastava et al., 2017; Ndjiondjop et al., 2018). The high diversity in the character of

the tested grain yield proves that the individual crosses express the different genetic background.
Skewness and Kurtosis Analysis

The frequency distribution analysis of characters of the-feHewing-panicle length, the total
number of grainspikelets/panicle, the number of filled grains/panicle, the percentage of unfilled

grain/ panicle, and grain weight per hill in the F4 population shows some continuous distribution

[ Formatted: Subscript

patterns (Figure 1-5). This expresses that many genes quantitatively control the character. The

gene action estimation analysis by Z skewness and kurtosis test on the F4 population (Table 2)

[ Formatted: Subscript

shows that all the observed characters are not significantly different, which means that the

character data are normally distributed and controlled by many genes with additive gene action.

The skewness and kurtosis analysis is the main tool to trace epistasis in the resulted
population. In general, epistasis presents a very small value which is almost negligible, but
whenever the action of the epistatic gene is detected, the plant phenotype would be affected. The
impact of dominance and epistasis gene action would be decreased on each generation, instead of
the proportion of additive genes would increase (Roy, 2000). The negative (platykurtic) or
positive (leptokurtic) kurtosis values directly show the number (many or few) of additive genes
involved in each character control. Each negative and positive skewness indicates respectively

duplicate and complementary epistasis (L]ayaramachandran etal., 2010|; Roy, 2000). According to

Lestari et al. (2015) whenever the distribution of genotypes of a character spreads abnormally
and expresses the skewness, the character should be influenced by the action of non-additive
genes. Almost all of the observed characters show no skewness so that the grain yield
characteristic controlled by the additive genes action (Figure 1-5). The additive gene action on

grain characteristics which is consistently found in all resulted population indicates that the
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character is a stable one. [Mahmood et al. (2004) and [Saleem et al. (2005) showed that additive

gene action affected the character which controls the number of primary branches in panicles.
]Saleem et al. (2005) also reported that additive gene action affected the character of panicle

length and grain density. Lestari et al. (2015) also reported that panicle length was consistently
controlled by the additive gene action in two eressing-populations of rice. Characters that are
controlled by the additive gene action indicate that selection can take place in the early
generation due to these characters could be expressed in the next generation. Conversely, the
characters that are controlled by the dominant or epistatic gene actions, the selection could be on

the next generation (\Mahalingam et al., 2011]; Sulistyowati et al., 2015). Kurtosis analysis of

grain yield (Tabel 2) shows that almost all grain yield characteristics are controlled by many

genes (polygenic).-Many-genes-generatly-control- the-grain-yield-characters- The number of genes

that control the character should affect the breeding difficulties (Roy, 2000; [Luo et al., 2013;

Lestari et al., 2015).

The F4 Population Selection Differential
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The selection aims to obtain the higher frequency of desired genes for the next
generation. The selection effectiveness of quantitative characters could be counted from the
selection differential value. The selection differential is the difference between the middle value
of the selected population and its basic population (Roy 2000). The selection differential could
illustrate the superiority of selected individuals compared to their basic population. The selection
in this study is aimed to produce new type upland rice with dense panicles (>150 filled grains per
panicle), all tillers are productive tillers (> 6), seed filling > 70%, plant height less than 150 cm,
early maturity age (less than 130 days), flag leaf angle 10°-15°, second and third leaves are
slightly drooped so that the canopy becomes wider, stem diameter>0.7 cm (Herawati et al.,
2010). This research results show that the selection based on the character of the grain
weight/hill should increase the middle value of other observed characters as namely panicle
length of 20.9%, the total number of grain (48.4%), number of filled grain per panicle (59.7%),
and decreased percentage of empty grain by 87.6% (Table 3). Selection with 10% intensity

would increase grain weight/hill by 40.9% -in the next generation.
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DISCUSSION

The diversity of plant populations is highly essential for plant breeders to begin
assembling new varieties. The size of the diversity determines the success of selection. The
selection is the basis of all breeding activities to obtain new superior varieties. The higher the
genetic diversity of a population, the higher the potential to get the desired characters (Srivastava
et al., 2017; Ndjiondjop et al., 2018). Heritability shows some comparisons between the genetic
variability and the total number of character phenotypes. The numbers illustrate how the
phenotype reflects the genotype. The heritability estimation values on grain yield characteristics
indicate high criteria based on Stanfield (1983), which ranges between 0.78 to 0.99 (Table 1).
The similar one was reported by Govintharaj et al. (2016) Srivastava et al. (2017) that the

the number of grains per panicle and filled grain per panicle expresses some high
heritability value. Akhmadi et al. (2017) reported some high heritability values on the panicle
length . High heritability values express significant meaning in the selection
effectiveness. Selection on characters with high heritability values would be effective and could
be applied to the early generation due to small environmental influences on these characters
(Akinwale et al., 2011). The heritability estimations are significant manner due to the numbers

could determine which characters could be applied as the selection determinations.

Crossings would recombine genes from the parental ones. The genetic diversity is due to
the presence of genes that segregate and interact with other genes, especially in the early
generations to increase the heterozygosity level (Sjamsudin 1990). The F, population expresses a
transgressive segment which is indicated by the value range are higher or lower than both
parents (Figure 1-5). The value of panicle length population 27.6 cm
larger than the parent range of 18-23.8 cm (Figure 1). Panicle length is influential character
on the grain yield. During panicle development, inflorescence meristems are important regulators
which initiate the main branch to produce secondary branches which produce grains (Li et al.
2013). Panicle length is consistently controlled by additive action involving many genes in two
populations of crossed rice (Lestari et al., 2015; Ramadhan et al., 2018). Transgressive
segregation due to an accumulation of benefited genes from both parents through gene
recombination the opportunity to select performances better than parents (Springer and

Schmitz, 2017). The distribution analysis of character phenotypes as a yield component on the
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number of filled grains per panicle (Figure 3), the percentage of empty grains (Figure 4), and
grain weight per hill (Figure 5) in the F, population shows the average value higher than their
parents. The character expresses the opportunity to increase the yield component character which
followed by the increase of grain yield. In general, grain yield is genetically influenced by three
main characters, namely the number of panicles per hill, the number of filled grains per panicle,
and grain weight per hill, and all three are controlled by many genes (Xing et al., 2010; Zhou et
al., 2018). Zhou et al. (2016) have studied the DHHC-type, zinc finger protein genes which

regulate tiller formation in rice, and these genes increase tiller by 40%.

The percentage analysis of F4 population at each crossing based on grain weight/hill
shows that the crossed Sriwijaya/N22 produced the highest grain weight per hill 105.7 grams,
followed by Sriwijaya/IR7858-1 84.57 grams, and Bugis/N22 81.57 grams, and Bugis/IR7858-1
63.6 grams (Figure 6). The number and size of the grain is the agronomic character that
determines the grain yield. The number of grains per panicle contributes to the formation of grain
and is significantly influence the rice yield (Zhou et al., 2018). Goua et al. (2018) revealed that
higher expression of mutant GSN1 increase grain numbers but decrease the grain size. The GSNI
was directly deactivating mitogen-activated protein kinase OsMPK®6 through dephosphorization.
Furthermore, Zhou et al. (2018) have identified a major quantitative trait locus (QTL) on

chromosome number 4 which is highly influence the number of grains per panicle.

Selection with one character often sacrifices other characters that also play an important
role at the yield component characters. The weakness of individual character selection could be
overcome by simultaneous selection where each selection is performed on several characters.
Simultaneous selection in the F4 population of the single cross is based on the character of grain
weight/hill, and panicle length is expectedly obtaining high yield plants with longer panicle. The
selection by two characters increases the grain weight/hill by 69.5% with selection differential
values for panicle length of only 21.8% in the next generation. The research results also show an
increased on other characters, namely the total grain size of 55.4%, the number of filled grain per
panicle 68.4%), and decreased on empty grains by 210.5% (Table 4).

Higher estimation of genetic diversity is supported by higher heritability values which

indicate the character could be used as a selection goal due to the characters are determined by
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genetic factors so that the selection would be effective and efficient (Ogunniyan and Olakojo,
2014; Srivastava et al., 2017). This experiment result indicates that whole characteristics of
observed grain yield express both high heritability and genetic diversity values so that both high
heritability and genetic diversity value could be selection goals no matter with single or multiple
character methods. The selection on the higher filled grain numbers and dense panicle character,
no matter the rice panicles length, are significant to be considered for the new type

upland rice with high yield rate.
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| Table 1. Genetic Analysis on the Grain Yield of F, Populations in the Single Crossing of Local Rice Variety

Characters 6%y % o’e KKG (%) Criteria HBS  Criteria
Panicle length 4.46 5.70 1.24 7.63 moderate 0.78 high
Total number of 204234 302500  82.66 25,51 broad 097  high
grains per panicle

The number of

filled grains per 2588.42 2669.15 80.73 30.09 broad 0.97 high
panicle

Percentage of

empty grain per 159.74 162.58 2.84 62.46 broad 0.98 high
panicle

fiﬁ’“” weight per 101949 102141 191 51.49 broad 0.99 high
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Table 2. Estimation of Gene Action and Number of Genes of Grain Yield Character in F, Population from Single

Crossing of Local Rice Varieties

Number of
Characters Skewness Zsewness Gene Action Kurtosis Zyurtosis Control
Genes

Panicle length 0.11 0.05"™ additive 2.86 1.35™ many
Total number of 049 001™ additive 284 0.05™ many
grains per panicle : : ' '
The number of dditi
filled grains per 0.68 0.01™ additive 2.88 0.06™ many
panicle
Percentage of dditi
empty grain per 0.97 0.08™ addruve 3.03 0.24"™ many
panicle
orain weight per 0.41 0.01™ additive 2.34 0.07" Many

kurtosis > 0 = a few gene, kurtosis < 0 = many genes (Roy 2000), ns= no significant at 5% level
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Table 3. The Selection differential based on grain weight/hill character in the F, populations from a single cross of

local rice variety for new type upland rice

Early population

Selected population

Selectional differential

Characters average average (%)
Panicle length 219 21.7 20.9
Total number of grains per panicle 109.8 212.6 484
The number of filled grains per panicle 68.1 169.1 59.7
Percentage of empty grain per panicle 37.97 20.2 -87.6
Grain weight per hill 36.63 62.0 40.9

17
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| Table 4. The selection differential based on grain weight/hill and panicle length character in the F, populations from Formatted: Subscript
a single cross of local rice variety for new type upland rice

T e ST s )
Panicle length 21.9 28.0 21.8
Total number of grains per panicle 109.8 246.2 55.4

The number of filled grains per panicle 68.1 215.6 68.4
Percentage of empty grain per panicle 37.97 12.2 -210.5
Grain weight per hill 36.63 120.2 69.5

18



1/3/2019

= M Gmalil

Compose

Inbox
Starred
Snoozed
Important
Sent
Drafts

@ Categories

»

More

®-

Dedi Prasetyawan
Sent a message

S5 lucy katili

[Gmail]/Tong Sampah

Re: Revised manuscript MS-18-28 - reny.herawati70@gmail.com - Gmail

Q, Search mail

Re: Revised manuscript MS-18-28

116
. Reny Herawati <reny.herawatizO@gmail.com>
to CNNeeraja, Nagib
Dear Editor Sabrao
178

| would like to inform you that | have finished revising manuscript MS-18-:
grateful for the quick response from Sabrao team editor. I'm looking forw:

Best regards,
Dr. Reny Herawati

On Sat, Dec 1, 2018 at 5:03 PM CNNeeraja <cnneeraja@gmail.com> wrt

£” aslm, bunda mau konfirmasi yg kura

Dear Dr Herawati,

Muchammad, Arif Rahman, Rc

“’ Joni: enggak..form baru nya pake lai

~ Arif Rahman, Robi
Arif Rahman: Oke

2 Ruslan Wijaya

lya ma ado apo

@ Rully Restiana
Invitation sent
» Robi Baskoro
You: :-)

The review of your manuscript has been completed. I'm ple
Breeding and Genetics with MINOR REVISIONS (see comn
and also my comments below

1. The English - language needs to be improved

2. The abstract should have a conclusion from your study

3. Key findings are too general. Key findings should be rewritten
4. Highlight your study of four mapping populations

5. title can be modified - if there is no situation of upland in the e
6. several references are missing either in text or in the list. plea

https://mail.google.com/mail/u/0/?tab=wm#inbox/KtbxLthVfRbcfDZbfNFrpXwgBqVnQjxsZL 11


https://mail.google.com/mail/u/0/?tab=wm#inbox
https://mail.google.com/mail/u/0/?tab=wm#starred
https://mail.google.com/mail/u/0/?tab=wm#snoozed
https://mail.google.com/mail/u/0/?tab=wm#imp
https://mail.google.com/mail/u/0/?tab=wm#sent
https://mail.google.com/mail/u/0/?tab=wm#drafts
https://mail.google.com/mail/u/0/?tab=wm
https://mail.google.com/mail/u/0/?tab=wm#label/%5BGmail%5D/Tong+Sampah
mailto:cnneeraja@gmail.com

SABRAO Journal
of Breeding and Genetics
51 (1) 1-12, 2019

GENETIC ANALYSIS OF GRAIN YIELD OF F; POPULATIONS FOR
DEVELOPING NEW TYPE OF UPLAND RICE

R. HERAWATI®, MASDAR and ALNOPRI

Crop Production Department, Faculty of Agriculture, University of Bengkulu, Indonesia
*Corresponding author’s email: reny.herawati7z70@gmail.com, reny.herawati@unib.ac.id
Email addresses of coauthors: masdar.msdr@gmail.com, alnopri_bkl@yahoo.co.id

SUMMARY

High production of rice is closely related to high yield component characters namely
the number of filled grains per panicle or the density of grains per panicle. These
characters are complex and greatly determine yield. These traits are also controlled
by many genes whose expression is influenced by environmental conditions. This
research aims to study genetic diversity and inheritance patterns of rice yield
characteristics in the F, population and to obtain the best genotypes from the
selection. The materials in this research were 190 F; generation seed nhumbers from
the pedigree selection which consisted of 24 field humbers resulting from single
crosses between local varieties (Bugis and Sriwijaya) with both IR7858-1 and IR148
(N22) that are tolerant to drought. Our research used an augmented design with
four parents as check varieties. The research showed that the grain yield of F4
populations was polygenic and controlled by additive gene actions. The heritability
value and coefficient of genetic diversity for grain yield were classified as moderate
and high. The intensity of differentials selection by 10 percent based on the grain
weight/hill, increased the middle value of other observed characters, like panicle
length by 20.9%, the total number of grain by 48.4%, the filled grain number per
panicle by 59.7%, and grain weight/hill by 40.9%. However, it decreased
percentage of empty grain/panicle by 87.6%. Selection on higher filled grains and
dense panicles, regardless of panicle length should be considered for developing the
new plant type for upland rice with high yield.

Key words: Grain yield, F, population, heritability, genetic variability

Key findings: Studying the inheritance systems of characters to form the desired
character is an important step in segregating populations. Selection based on high
grain yield in the F, generation is expected to be significant in the development of
high yield new type of upland rice.
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INTRODUCTION

Increasing rice production is presented
through the varietal breeding with
various gene pool to obtain desirable
high vyields and some  stress
tolerances. The new plant type of rice
is one of the superior varieties that
are widely developed, by using both
conventional method (Peng et al.,
2008; Abdullah et al., 2001) and
biotechnology (Herawati et al., 2010;
Safitri et al., 2010). Improving plant
ideotypes could achieve a 10%
increase in rice yield potential. The
International Rice Research Institute
(IRRI) formulated a new type of rice
ideotype (NTI) or a new plant type of
rice (NPT) with 330 panicles m™2 (10-
15 tillers hill'!), with more than 150
grains panicle™, 80% filled grain, 1000
grain weight of 25 g (oven dry), total
biomass of 22 tons ha'! (14%
moisture content), harvest index of
0.5, thick leaves with dark green and
slower aging (Peng et al., 2008).

The characters that determine
the production in rice are the number
of panicles per hill, the number of
filled grains per panicle, and weight of
filled grain per hill (Xing and Zhang,
2010). The number of grains per
panicle contributed significantly to the
yields which have been the primary
key for breeders to determine the
model for rice vyields (Zhou et al.,
2018). These complex characters
determine the rice yield components
and are controlled by many genes
which areinfluenced by environmental
conditions (Huang et al., 2010; Ikeda
et al., 2013). Previous researchers

identified genes that regulate these
characters, including genes that
control the tiller formation and
branching panicles (Liang et al.,
2014), several genes related to the
number of grains per panicle and grain
size (Zhou et al., 2018; Guoa et al.,
2018), some genes that regulate plant
architecture and grain yield (Zhou et
al., 2016).

Conventionally, specific local
rice breeding on dry land to improve
high yield cannot be done without
knowing the genetic constraints and
inheritance patterns of desired traits.
Studying the inheritance pattern of
characters for desired characters is an
essential first step in breeding a
variety of plants. Crossing between
two individual plants with different
characters results in a segregating
population. The segregating
population consists of individuals
which are genetically diverse and
would still segregate in the next
generation. Genetic differences in the
segregating populations could be
evaluated not only morphologically but
also through molecular markers
(Prabakaran et al., 2010; Ndjiondjop
et al., 2018). Selection would provide
an optimal response if the right
selection criteria is applied. The
success of selection is influenced by
genetic diversity and heritability
(Ogunniyan and Olakojo, 2014;
Srivastava et al., 2017). The aim of
this study was to determine the
genetic diversity and the character
inheritance pattern of grain yield in a
F, population and to identify the best
genotypes from the selection.



MATERIALS AND METHODS

These experiments were conducted
from November 2017 to April 2018 in
the Research  Station of the
Department of Agriculture and Animal
Husbandry, Desa Semarang, Bengkulu
Province, Indonesia. Post-trial
observations were conducted at the
Laboratory of Crop Production, Faculty
of Agriculture, University of Bengkulu.
The materials in this research were
190 lines of F; generation seed from
the pedigree selection which
consisting of 24 field numbers
resulting from single cross between
local varieties namely Bugis and
Sriwijaya with IR7858-1 and IR148+,
both of which were drought tolerant
(Sriwijaya/IR-148+, Sriwijaya/IR-
7858-1, Bugis/IR-148+, and Bugis/IR-
7858-1). The experiments were laid
out in augmented design with
Sriwijaya, Bugis, IR7858, and IR-148+
as check varieties. Each number was
planted at a spacing of 20 cm x 20
cm, with six rows and consisted of %
800 plants. Fertilization was applied
twice, with the first fertilization at ten
days after planting (DAP) with 150
kg/ha Urea, 100 kg/ha SP36 and 100
kg/ha KCI. The second fertilization was
applied at 30 DAP with 100 kg/ ha
Urea, 100 kg/ha SP36 and 100 kg/ha
KCI. Control of weeds, pests, and
diseases was intensively done.
Observations were made on the length
of panicles per hill, the total number of
grains/panicles, the number of filled
grains/panicle, the percentage of
empty grains/panicle, and the weight
filled grain/hill. Data were analyzed
with Microsoft Excel and Minitab 15
statistical programs.
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Genetic variability and heritability

The data were analyzed to estimate
the phenotype variance (0%,), genetic
variance (0%), the variance of the
environment (0%), the coefficient of
genetic diversity (CGD), and broad
sense heritability (hps). The data were
calculated using the following formula:

Variance (62) = M

Phenotype variance (o?p) = 0°F,
Variance of environment

o2P1 + o2P2
2

(02e)=

Genetic variance (029) = 02p - 0%

2
Heritability (hbs) = ——>
elp

Heritability values according to
Stanfield (1983) is classified as high if
hy,s = 0.50, moderate if 0.20 = hys =
0.50, and low if hys < 0.20. The
coefficient of genetic diversity (CGD)
is used to estimate the genetic
diversity of each character calculated
based on the following formula
(Knight, 1979):

—
lolg
CGD =2
X

x100%

Where, o’g = genetic diversity
and X = average of population value

Criteria: narrow (0-10%),
moderate (10-20%) and broad (>
20%).

Gene action estimation

Estimation of gene action is base on
the value of skewness and kurtosis
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(Roy, 2000). The skewness value of 0
means the action of additive genes
controls the character, while the
skewness < 0 means additive genes
act with epistasis and skewness > 0
means additive genes are
complementarily with epistasis.
Skewness values estimation applies
the below equation:

£, (Yi = 1)3
N —1)s3

Skewlless —

Kurtosis describes the shape of
the distribution curve. The kurtosis
value is negative shows the shape of
the graph is platykurtic, in which
many genes control the character. If
the kurtosis value is positive, the
leptokurtic graph indicates a few
genes control the character. The value
of kurtosis applies the below equation:

L Yi-1)t

Kurtosis =
N —1)s#

Where, Y; = genotype value, S
= standard deviation, N = number of
data.

The statistics for these two
parameters follow the normal standard
distribution, with critical values for
two-way testing, namely Zg 52, = 1.96
and 20_01/2 = 2.57.

The selection differential
estimation is the difference between
the averagely selected plant
percentage and the population initial
average that is divided by the
population initial average x 100%.
Furthermore, the initial average is the
average value of the entire population.
The average of selected plants is the
average value of all selected
individuals in the F4 population.

RESULTS
Variance analysis and heritability

The estimated value of variety and
heritability of the F; population
resulting from the crossing of
Sriwijaya/N22, Sriwijaya/IR-7858-1,
Bugis /N22, and Bugis/IR-7858-1, are
presented in Table 1. The coefficient of
genetic diversity of the characters
observed of grain vyield resulted in
moderate to broad criteria based on
Knight (1979) which ranged from 7.63
(panicle length) to 62.46 (Percentage
of empty grain per panicle) (Table 1).
The high diversity in the character of
the tested grain yield proves that the
individual crosses express the
different genetic background. The
heritability values for grain vyield
characteristics indicate high criteria
based on Stanfield (1983), which
ranges between 0.78 (panicle length)
to 0.99 (grain weight per hill) (Table
1). The characters having high
heritability indicated that genetic
factors contributed more to the traits
than environmental factors.

Skewness and kurtosis analysis

The frequency distribution analysis of
characters of the panicle length, the
total number of spikelets/panicle, the
number of filled grains/panicle, the
percentage of unfilled grain/panicle
and grain weight per hill in the F4
population shows some continuous
distribution patterns (Figure 1-5).
These characters are quantitative
which are controlled by many genes.
The gene action estimation analysis by
Z skewness and kurtosis test on the
F4 population (Table 2) shows that all
the observed characters are not
significantly different, which means
that the data was normally
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Table 1. Genetic analysis of the grain yield of F, populations.

Characters o’g o’p o’e  CGD (%)  Criteria hys  Criteria
Panicle length 4.46 5.70 1.24 7.63 moderate 0.78 high
Total number of grains per 2942.34 3025.00 82.66 25.51 broad 0.97 high
panicle

The number of filled grains 2588.42 2669.15 80.73 30.09 broad 0.97 high
per panicle

Percentage of empty grain 159.74 162.58 2.84 62.46 broad 0.98 high
per panicle

Grain weight per hill 1019.49 1021.41 1.91 51.49 broad 0.99 high

Table 2. Estimation of gene action and number of genes of grain yield characters.

Gene Number of
Characters Skewness  Zgiewness . Kurtosis  Zyurtosis Control
Action
Genes
Panicle length 0.11 0.05 ™  additive 2.86 1.35™ many
Total number of grains per panicle 0.49 0.01 "™  additive 2.84 0.05™ many
The number of filled grains per 0.68 0.01 ™  additive 2.88 0.06 ™ many
panicle
Percentage of empty grain per 0.97 0.08 ™ additive 3.03 0.24 "™ few
panicle
Grain weight per hill 0.41 0.01 ™  additive 2.34 0.07"™ many
Kurtosis > 3 = a few gene, Kurtosis < 3 = many genes (Roy 2000), ns= not significant at 5% level
Table 3. The selection differential based on grain weight/hill character.
Characters Early population Selected population 'Select!onal
average average differential (%)
Panicle length 21.9 27.7 20.9
Total number of grains per panicle 109.8 212.6 48.4
The number of filled grains per panicle 68.1 169.1 59.7
Percentage of empty grain per panicle 37.97 20.2 -87.6
Grain weight per hill 36.63 62.0 40.9
distributed. All the characters and controlled by many genes. The

observed did not show skewness so
they were thought to be controlled by
additive gene action. The existence of
additive gene action on these
characters indicates that the traits are
stable. Analysis of kurtosis on the F4
population showed that almost all
characters controlled by many genes
(polygenic) except the percentage of
empty grain (few genes). The
character of rice yield is quantitative

total number genes that control a
character will affect the difficulty of
breeding programs. The analysis of F4
population at each crossing based on
grain weight/hill shows that the
crossed Sriwijaya/N22 produced the
highest grain weight per hill (105.7 g),
followed by Sriwijaya/IR7858-1 (84.57
g), and Bugis/N22 (81.57 g), and
Bugis/IR7858-1 (63.6 g) (Figure 6).
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Figure 1 Distribution of panicle length from F4 population.

Figure 2. Distribution of total number of grains per panicle from F4 populations.

Figure 3 Distribution of number of fill grains from F4 population.
Figure 4. Distribution of percentage of empty grains per panicle from

populations.

Figure 5 Distribution of weight of fill grains per hill from F4 population.
Figure 6. Percentage of population base on weight per hill in different crossing.

F4
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Table 4. The selection differential based on grain weight/hill and panicle length

character.

Early population Selectgd Selectio_n
Characters population differential

average
average (%)

Panicle length 21.9 28.0 21.8
Total number of grains per panicle 109.8 246.2 55.4
The number of filled grains per panicle 68.1 215.6 68.4
Percentage of empty grain per panicle 37.97 12.2 -210.5
Grain weight per hill 36.63 120.2 69.5

Selection differential of F,
populations

The aim of selection is to obtain a high
frequency of desirable genes for the
next generation. The effectiveness of
quantitative characters is counted
from the selection differential value.
This research showed that the
selection based on the grain
weight/hill could increase the middle
value of other observed characters
such as panicle length by 20.9%, the
total number of grain by 48.4%,
number of filled grain per panicle by
59.7%, and decreased percentage of
empty grain per panicle by 87.6%
(Table 3). The selection by two
characters based on the grain
weight/hill and panicle length
increased the grain weight/hill by
69.5%, while the number of filled
grains per panicle, the total number of
grains per panicle, and panicle length
were 68.4%, 55.4%, 21.8%
respectively, and decreased empty
grains per panicle by 210.5% (Table
4).

DISCUSSION

The genetic diversity of plant
populations is essential for breeders to
begin to develop new varieties in a
breeding program. The value of

genetic diversity largely determines
the success of the selection. Selection
is the basis of all breeding activities to
obtain new superior varieties. This
study showed that the coefficient of
genetic diversity of the characters
observed was moderate to broad
based on Knight (1979) which ranged
from 7.63 (panicle length) to 62.46
(percentage of empty grain per
panicle) (Table 1). The higher the
genetic diversity within a population,
the higher the potential to get the
desired characters (Srivastava et al.,
2017; Ndjiondjop et al., 2018). The
selection process for each character
will be more effective if the character
expresses broad phenotypic and
genetic diversity values. The greater
the genetic diversity of a population,
the greater the opportunity to gain the
desired character (Srivastava et al.,
2017; Ndjiondjop et al., 2018).
Heritability shows some
comparisons between the genetic
variability and the total number of
character phenotypes. The numbers
illustrate how the phenotype reflects
the genotype. The heritability
estimation values on grain vyield
characteristics indicate high criteria
based on Stanfield (1983), which
ranges between 0.78 to 0.99 (Table
1). A similar result was reported by
Govintharaj et al. (2016) and
Srivastava et al. (2017), that the
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number of grains per panicle and filled
grain per panicle expresses some high
heritability value. High heritability
values express significant meaning in
the selection effectiveness. Selection
on characters with high heritability
values would be effective and could be
applied to the early generation due to
small environmental influences on
these characters (Akinwale et al.,
2011). Heritability estimations are
significant due to the numbers could
determine which characters can be
used as the selection determinations.
Skewness and kurtosis analysis
can be used to trace epistasis in the
resulting population. In general,
epistasis presents a minimum value
which is almost negligible, but
whenever the action of the epistatic
gene is detected, the plant phenotype
would be affected. The impact of
dominance and epistasis gene action
would decrease on each generation,
instead the proportion of additive
genes would increase (Roy, 2000).
The negative (platykurtic) or positive
(leptokurtic) kurtosis values directly
show the number (many or few) of
additive genes involved in each

character control. Negative and
positive skewness indicates
respectively duplicate and
complementary epistasis

(Jayaramachandran et al., 2010; Roy,
2000). According to Lestari et al.
(2015) whenever the distribution of
genotypes of a character spreads
abnormally and expresses the
skewness, the character should be
influenced by the action of non-
additive genes. Almost all of the
observed characters showed no
skewness, so that the grain vyield
characteristic were controlled by the
additive genes action (Figure 1-5).
The additive gene action on grain
characteristics which was consistently

found in the resulting population
indicates that the character is a stable
one. Mahmood et al. (2004) and
Saleem et al. (2005) showed that
additive gene action affected the
character which controls the number
of primary branches in panicles.
Saleem et al. (2005) also reported
that additive gene action affected the
character of panicle length and grain
density. Lestari et al. (2015) also
reported that panicle length was
consistently controlled by the additive
gene action in two populations of rice.
Characters that are controlled by the
additive gene action indicate that
selection can take place in the early
generation due to these characters
could be expressed in the next
generation. Conversely, the characters
that are controlled by the dominant or
epistatic gene actions, the selection
could be on the next generation
(Mahalingam et al., 2011; Sulistyowati
et al., 2015). Kurtosis analysis of
grain vyield (Table 2) shows that
almost all grain yield characteristics
are controlled by many genes
(polygenic), except the percentage of
empty grain, which was controlled by
few genes. The number of genes that
control the character should affect the
breeding adversity (Roy, 2000; Lestari
et al., 2015).

Crossing would recombine
genes from the parents. The genetic
diversity is due to the presence of
genes that segregate and interact with
other genes, especially in the early
generations to increase the
heterozygosity level. The F, population
expresses a transgressive segment
which is indicated by the value range
which is higher or lower than both
parents (Figure 1-5). The mean value
of panicle length of the population is
27.6 cm larger than the parent range
of 18-23.8 cm (Figure 1). Panicle



length is an influential character on
the grain vyield. During panicle
development, inflorescence meristems
are important regulators which initiate
the main branch to produce secondary
branches which produce grains (Li et
al., 2013; Wu et al., 2016). Panicle
length is consistently controlled by
additive action which involves many
genes in two populations of crossed
rice (Lestari et al., 2015; Ramadhan
et al., 2018). Transgressive
segregation due to an accumulation of
beneficial genes from both parents
through gene recombination provides,
the opportunity to select performances
that are better than the parents
(Springer and Schmitz, 2017). The
distribution analysis of character
phenotypes as a yield component on
the number of filled grains per panicle
(Figure 3), the percentage of empty
grains (Figure 4), and grain weight per
hill (Figure 5) in the F; population
show the average values were higher
than their parents. The character
expresses the opportunity to increase
the yield component character which
followed by the increase of grain yield.
In general, grain yield is genetically
influenced by three main characters,
namely the number of panicles per
hill, the number of filled grains per
panicle, and grain weight per hill. All
three are controlled by many genes
(Xing and Zhang, 2010; Zhou et al.,
2018). Zhou et al. (2016) have
studied the DHHC-type, zinc finger
protein genes which regulate tiller
formation in rice, and these genes
increase tillering by 40%.

The analysis of F, population for
each cross based on grain weight/hill
showed that the crossed
Sriwijaya/N22 produced the highest
grain weight per hill at 105.7 grams,
followed by Sriwijaya/IR7858-1 at
84.57 grams, and Bugis/N22 at 81.57

Herawati et al. (2019)

grams, and Bugis/IR7858-1 at 63.6
grams (Figure 6). The number and
size of the grain is the agronomic
character that determines the grain
yield. The number of grains per
panicle contributes to the formation of
grain and is significantly influence rice
yield (Zhou et al., 2018). Goua et al.
(2018) revealed that higher
expression of mutant GSN1 increase
grain numbers but decrease the grain
size. The GSNI was directly
deactivating mitogen-activated protein
kinase OsMPK6 through
dephosphorization. Furthermore, Zhou
et al. (2018) have identified a major
quantitative trait locus (QTL) on
chromosome number 4 which is
profoundly influence the number of
grains per panicle.

The selection differential is the
difference between the middle value of
the selected population and its basic
population (Roy, 2000). The selection
differential could illustrate the
superiority of selected individuals
compared to their basic population.
The selection in this study is aimed to
produce a new type of upland rice with
dense panicles (>150 filled grains per
panicle), all tillers are productive
tillers (> 6), seed filling > 70%, plant
height less than 150 cm, early
maturity age (less than 130 days),
flag leaf angle 10°-15°, second and
third leaves are slightly drooped so
that the canopy becomes wider, stem
diameter > 0.7 cm (Herawati et al.,
2010). Selection with one character
often sacrifices other characters that
also play an essential role in
determining yield. The weakness of
individual character selection could be
overcome by simultaneous selection
where each selection is performed on
several characters. Simultaneous
selection in the F, population of the
single cross based on the character of
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grain weight/hill, and panicle length is
expected to obtain high yielding plants
with longer panicle. The selection by
two characters increases the grain
weight/hill by 69.5% with selection
differential values for panicle length of
only 21.8% in the next generation.
The research results also show an
increased on other characters, namely
the total grain size of 55.4%, the
number of filled grain per panicle
68.4%, and decreased empty grains
by 210.5% (Table 4).

Higher estimation of genetic
diversity is supported by higher
heritability values which indicate the
character could be used as a selection
target, due to the characters
determined by genetic factors, so that
the selection would be effective and
efficient (Ogunniyan and Olakojo,
2014; Srivastava et al., 2017). This
experimental result indicate that
whole characteristics of observed grain
yield express both high heritability and
genetic diversity values so that it
could be a selection goal in both single
or multiple character methods. The
selection on the higher filled grain
numbers and dense panicle character,
regardless of the rice panicles length,
are significant and should be
considered for developing new type of
upland rice with high yield rate.
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