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ABSTRACT

Pedigree-based selection method combined with madssted selection (MAS) provides a suitable wes® for deriving
elite lines with more favorable characters. The aifithe present investigation was to analyze theguield experiments
and molecular markers we evaluated diversity oé alvanced fand Rlines derived from cross ADT46/ Swarna subl
aimed to select elite line(s) with favorable chdeass[High yielding variety / resistance to the sudygence tolerance
(subl genes)]. Selection for several importanttsraincluding resistance to high yielding, resigtdao submergence
tolerance (SUB1 gene) was conducted during 2 agdrirations. Genetic diversity of Bnd FRlines was studied using
288 and 11 polymorphic loci produced by long AP-P@Rners. Results showed that there was a greadrsiity within
and between studied advanced lines. Average gemesdy across polymorphic loci for the two genemas was 20.3%
and 8.5%, respectively. Phenotypic evaluationsamlgination with MAS helped us to identify among Fbsegregants
phenotyped for submergence tolerance, 84 per daieandividuals were survived after de-submergese compared to
90 per cent of survivability in resistant donor.yidwarna Subl and FR13A. Our results markedly sihmatvselection
made by breeder has diverse effects on genetictstes of plant material, particularly in favor oixhting genetic

background of superior parent.
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INTRODUCTION

Rice (Oruza sativa L.)is the major staple food for more than half of therld population and 90% of it is being
produced and consumed in Asia. It is the major drothe most flood- prone areas of South and S&abt Asia.
Flash flood or submergence is a common phenomemanainly lowland areas, subject to monsoon raiesiosisly
affecting crop establishment as well as survivedding to severe yield losses. It imposes a comalbéatic stress in
flood-prone ecosystem, because it substantiallpced crop stand, especially if it occurs duringlye&egetative
stage and prolongs for more than a week. In Intti@,annual production of 85.5 million tons of riwéh an average
productivity of 1.9 t/ha comes from an area of 4mBlion ha spread over several ecologies of whidtout 17
million/ha is rainfed, drought and submergence prdflooding induced submergence results in sukisianéld loss

in rice which depends upon plant type, crop grostage and the intensity and duration of submergeRtant
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survival during submergence also depends upon ligtensity and flood water characteristics namalybidity,

temperature, turbulence and pH (Srivastaval.,2007).

As with other major abiotic stresses, breeding seiecting successful submergence tolerant ricevardthave not yet
met with notable commercial success till some yages Germplasm survey revealed the existenceniétl amount of genetic
variation for submergence tolerance. Intensiverestfat IRRI, Philippines resulted in the identifioa of a flood tolerant rice line
called “FR13A” which showed tolerance up to 14 dafdlooding. Exploitation of this genetic material various breeding
programs and mapping studies led to the understguadigenetic and molecular basis of improved suberee tolerance in this
rice genotype. Submergence tolerance in FR13Angated by a putative Ethylene responsive Factor€t al, 2006) located
in the region Subl on chromosome 9 (Xu and MackB6). At IRRI, introgression of Sub-1 locus irgohigh yielding
submergence susceptible Indian variety "Swarna"suasessfully carried out through marker assisteolevgenome selection.
The improved Swarna called "Swarna Sub-1" showgddued level of tolerance to submergence thanrigsal Swarna and it
possessed all the other desirable attributes ofrrawéNeerajaet al.2007). This report clearly showed the possibilify o
improving submergence tolerance in rice throughkeraassisted introgression of Subl locus. Theeglyabf marker assisted
introgression of target locus through marker asgigtedigree selection improves the efficiency técsien. Marker-assisted
pedigree selection would be especially effectivetie transfer of recessive genes since theiriciddgansfer requires additional
recurrent selfing generations, a procedure thattakibitively slow for most commercial breeders (¥vend Geiger, 2000). To
date, the most economic and sustained way to avertbe problem of submergence stress is to degelomergence tolerant
varieties. In the present investigation, theretbie possibility of developing submergence tolesmd high yielding varieties
through marker assisted pedigree selection invglgmbmergence tolerant genotypes was exploreddhreelection in the

segregating generations like&hd k.Based on these facts, the present study was akeenith the following objectives:
To asses most discriminating molecular markerst@itnmergence tolerance QTL si@iRd F generations.

MATERIAL AND METHODS

Phenotypic Screening of i Generation for Submergence Tolerance

The study was conducted at the Pandit JawaharlatuNE€ollege of Agriculture and Research Instititaraikal. The k
population comprising of 1420 plants of the cro&TA6 / Swarna subl were raised along with theieptsviz., ADT46,
Swarna subl and IR42 (susceptible check) and hega phenotyped for early crop stage submergensatimergence
pond during August—January 2013-2014, Submergera® done on 25th days after transplanting for aopedf 14
daysfable 1). During the submergence period pH, EC and tenwperavere monitored on daily basis and the pond was
de-submerged when the susceptible check IR42 dtahi@wing the symptoms of browning and witheringlodots. Then
the de-submergence was done. De-submerged plantstinen given 14 days to recover. Survival of tlents following
de-submergence was scored in terms of elongatiemisfing leaves, development of new leaves, anldeaves at 14days
after de-submergence. Scoring was done based ommuufied Standard Evaluation System (SES) developg
Suprihatno and Coffman (1981) for rating submergeanterance in ricetgble 2) The methodology adopted was given in
detail in flow chart figure 2). True R s confirmed with SSR markerfgure 1)

Genotypic Screening of i Generation

Leaf samples were collected from the plants whialiehscored for 1 and 3 and DNA was extracted froosd young

leaves collected from the tolerant progenies aadgvith susceptible variety.
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Table 1: Details of Parents

SI. No Characters ADT46 Swarna Subl
1 Parentage ADT38 / CO45 Swarna/FR13A
2 Type of germplasm Cultivar Cultivar
3 Season Thaladi Thaladi
4 Duration(days) 130-135 135
5 Rice grade Medium slende Short bold
6 Rice colour White White
7 Tolerance to submergence stress  Susceptible anpler

Table 2: Score for Submergence Tolerance (Modifiedfter Suprihatno

and Coffman (1981)

Leaf Morphology

Score

Erect dark green leaves, greater elongation, nafidievelopment 1

Erect green leaves, little elongated

2

Green leaves, little elongation

Droopy, pale green leaves, moderate elongation

Long, pale green leaves, elongated, few survived

Long brownish leaves, elongated, dead
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Figure 1: Marker Analysis of True F;'s.

‘ ADT46 X Pwama subl |

| " |

!

‘ F2(1420 plants) Sereened under submergence pond

v

Out of 1420, 450 single plants were survived based on phenotypic
screening

+

¥

DNA estimation was done on all the 450 F; plants

'

Of the 450 F; plants genotyped, 288 plants with Swarna subl allele (B)
and heterozygous allele (H) were selected and evaluation of yield and
its components’ were done

v

Finally 129 F»1 families, screened under submergence pond

!

75 Fy:3 families with score 1 and 3 were selected for genotyping and
recording biometrical observation

Figure 2: Flow Chart for Pedigree Selection.

21

editor @ aset.us



22 A. Kamatchi & K. Paramasivam

Selection of .3 Generation

A total of 450 K plants which have scored 1 and 3 considered fecten and forwarding toFgeneration. Of the 450, F

plants. 288 plants, which were scored for 1 andtB B and H alleles were selected. Out of 28®knts, 129 plants were
phenotypic ally selected based on score 1 and gledwvith significant grain yield per plant oveetgeneral mean. These
129 plants were selected forwarding tog€neration, since these plants also showed tlsepee of Swarna subl specific

allele in homozygous (BB) and heterozygous (AB)dittons based on genotyping.
Amplification of Genomic DNA using SSR Primers thraigh Polymerase Chain Reaction (PCR)

The genomic DNA of the different rice genotypeslased as described earlier were subjected to PCRliferation in
thermal cycler (Eppendorf. AG. Germany) the reactiolume of 1511 containing 2ul of genomic DNA, 1X assay buffer,
200 mM of deoxyribonucleotides, @M of Mgcl,, 0.2uM of each primer (both forward and reverse primetg)nit of Tag
DNA polymerase (Bangalore Genei Pvt. Ltd., Banggland 4.6ul of sterile water. The PCR profile adopted wa}: (i
initial denaturation at 9& for 2 minutes, followed by (ii) 34 cycles of démation at 94C for 1 min, annealing at 56
and extension at 72 for 2 minutes and (iii) final extension at°@2for 10 minutes and at°’@ for cooling. Annealing
temperature was standardized for each primer aogted for all the primers used in the study as tifled by their

specific Tm requirement.
Electrophoresis

The amplified products were separated in 3 peragatose gel prepared in 1 XTBE buffer stained &ithidium Bromide
(0.5ug / ml). The gel was run in 1 XTBE buffer (@.8! Trisborate, 0.02 MEDTA, pH8.0) at constant agk of 85V for a
period of 23 hours. The gel was visualized in Uahgilluminator and photographs were taken usingdgelmentation
system (Model Alpha Imager 1200, Alpha InnotechpgCoand USA).

Scoring

For each marker, allelic bands were scored basddlerant and susceptible parental bands of thdifietbproducts and
were designated as A, B and H for homozygous stibtephomozygous tolerant and heterozygote respdgt Data was

entered in to an excel spread sheet and analyzed.
RESULTS AND DISCUSSIONS

A raising global population requires increasingpcproduction and research conducted so far suggeatshe rate
of increase in crop yields is currently decliningdaraits related to yield, stability and sustaiitibis considered as
a major focus in plant breeding efforts. Thesetsraiclude durable biotic, abiotic stress tolerantl other agronomic
factors like water use efficiency and nutrient mgeraent. Pedigree based selection method combinddmaarker
assisted selection provides a suitable resourcaldoiving elite lines with favorable characters. Istmular marker
assisted selection involves selection of plantsyirag genomic region that are involved in the exgsien of traits of
interest through molecular markers. DNA based marl@n be effectively utilized for tracing favorabdllele(s)
(dominant or recessive) across generations andifgielg most suitable individual(s) among the segatng progeny
based on allelic composition across a part or titeeegenome. Pedigree marker assisted selectidkS)Ms relevant

for crops such as rice, where pedigrees of elitengtasm are known.
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Table 3: Details of Polymorphic SSR Markers used foPCR Amplification of F ,and F; Populations

SL No. | Marker Name Primer Sequence Product Size | Position (Mb) References

1 RMS8300 GCT AGT GCA GGG TTG ACA CA 209 6.6 Mb Matsumotoetf al. (2005)
CTC TGG CCG TTT CAT GGT AT

CAG GGA AAG AGATGG TGG A

2 f 9
ARTS TTG GCC CTA GGT TGT TIC AG 217 639Mb | Xuetal.(2006)

AAAACAATG GTT CCA TAC GAG AC

2 tal (2
3 Sub1BC2 GCC TAT CAA TGC GTIG CTC TT 400 6.38 Mb Xuet al (2006)

(3]

Identification based on morphological charactertilme consuming and requires extensive field triafsl
evaluation. In addition, morphological differenaeay be epigenetic-or genetic-based characters. ddiale markers due
to their advantages against to morphological andH@mical markers such as their plentifully, indegence of tissue or
environmental effects, diversity identification amdlection in the earlier stages of plant develagtmean be a useful
complement to morphological and physiological chazation of plants.

Despite empherical cross validation studies showliegadvantage of molecular markers, there isatileed to
test these results in actual breeding programmerdacences from those comparisons are importacéalse the response

to selection is dependent on the level of genetitance for any trait (Falconer and Mackey, 1996)

Keeping these above in view, phenotypic selectiomgpled with marker assisted selection were attedhfir
submergence tolerance in &d R segregating generations (ADT46 / Swarna Subl krdse objective of the study was
to compare marker based phenotypic strategy focoiméirmation of Subl QTL, identified in chromoso@ef rice. The
phenotypic based selection in segregating progesme wonfirmed for the presence of Subl locus thraugrker assisted
selection using a gene specific DNA marker Subl1B{@ag with flanking marker RM8300 and ARTS5 in $egregating

populations for selection of individuals to be fanded to g generationt@ble 3)

The present study was undertaken with the objextdiddentifying submergence tolerance individufaten the
cross between a popular rice variety ADT46 and ®rgence tolerant variety, Swarna Subl. The pargolgmorphism
was tested between ADT46, Swarna Subl, FR13A asceptible variety, IR42. The PCR amplified produstghree
markers were analyzed for the presence or absdrihe 8ubl allele in the above genotypes. The RN&B@plicon from
Swarna Subl and FR13A were 230 bp as compareditbf2th ADT46 and IR42 as compared to 200 bp artd®8from
Swarna Subl, FR13A and ADT46, IR42 in the ART5 aoapl. Higher allelic variability for ART5 marker @mpared to
RM8300 was observed among the varieties tested.edeny Sub1BC2 amplicon from Swarna Subl and FR18/A\230
bp as compared to 270 bp in ADT46 and IR42.

The FR13A and Swarna Subl were found to be superidBDT46 and IR42 in terms of submergence toleganc
Accurate phenotyping of submergence tolerant, éntolt and susceptible varieties were assessed dtiynative shoot

response during 14 days of submergence period teyrdiming the survivability 14 days after de-subgesrce period.

During the 14 days of submergence, ADT46 and IR¥2ved a significant increase in plant height coragao
that of submergence tolerant varietidg., Swarna Subl and FR13A. The Bnd K individuals selected based on
phenotypic and genotypic data showed similar a@tlie shoot response as in submergence toleraietiearfigure. 3).
Leaves of the susceptible varieties appeared spimdilorotic and elongated whereas leaves of supemee tolerant

varieties showed very little elongation and wedéy/fgreen in colour.
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Evaluation of 1420 Fplants under submergence pond revealed the peesgfincontinuous variation for the
targeted quantitative traitgz., plant height before submergence, plant height aftbmergence, days to flowering, plant
height at maturity, number of productive tillers pdant, panicle length, panicle weight, 100 graight and grain yield
per plant. This continuous variation existed amtivegpopulation is indicative of suitability of tp@pulations for effecting

efficient selection from the early stages of segtieg generations.

In the present study, integration of genotypic phdnotypic data for selection of individual plamtH, generation has
resulted in the identification of 288 single plafits forwarding to next generation. To have effigg in identifying best
individuals to be forwarded for further study, atfe has been made with data on quantitative titlit genotyping of individual
plant. Of the 288 individuals, 129single plantseveelected which conforms the tolerance to submeeggplants with Swarna

Sub1 alleles (B) and Heterozygous alleles (H)) Emlpith increased significant grain yield per plan

SIB ANALYSIS

Development of submergence tolerant rice from &gy variety / germplasm via the use of DNA markeassist selection
in rice breeding allows the breeders to circumveeXeral inherent problems associated with conveatkikreeding

especially those involving cumbersome process iamel tonsuming submergence tolerance phenotypiesicrg.

In this present investigation, recovery level aftersubmergence of Families / individuals were phenotyped as
well as genotyped. A total of 129 sibs were evadafior submergence tolerance besides for quawttdtaits. The

investigation on quantitative traits showed thespree of continuous variation for all the traitsdétd.

Sib analysis of all the 129 sibs under field canditrevealed that the recovery level after de-sulgerce was
varying, where all the plants carrying lines witbDP46 alleles were dead in the sibs identified agaiaing H allele in i

generation.

In order to identify the Swarna Subl allele, it waanned to employ the Sub1BC2 for background selec
which will lead to accelerated recovery of submangetolerance, assuming the phenotypic associafi@ubmergence

tolerance with Subl locus.

There are several instances when phenotypic saigeran be strategically combined with marker asdist
selection. Several studies indicate that the coetbimarker assisted selection is more efficient fhta@motypic screening
alone, especially when large population sizes aegl @nd trait heritability is low (Hospitat al, 1997). In a typical plant
breeding programme, normally early generation nraaesisted selection is great advantageous inendecause plants
with undesirable gene combinations can be elimthathich allows the breeder to focus attention wsdée number of
objective based on lines in future generationseBsdstudies postulated that the single markestsbkselection step could

be performed onfand Rk populations derived from elite parental combination

In a self pollinated crop like rice, the importatn is to fix allele in their homozygous state aslyas possible
when using co-dominant DNA marker it becomes pdsdib fix the specific allele in the homozygouststas early as in

F, generation.

In the present investigation, attempts were madeotmbine Sub1BC2 marker (tight linked to submergenc
tolerance) data, submergence tolerance score afdlgomponents insHamilies by way of sib analysis. Among the 129

sibs evaluated for submergence tolerance, 75 s#lte survived after de-submergence. The remaining esven though

Impact Factor (JCC): 5.9238 NAAS Rating 3.73



Phenotypic and Genotypic Screening of F, And F3; Generationsin Rice (Oryza Sativa L.) for Submergence Tolerance

25

phenotyped and genotyped as carrying either B afléles have completely dead due to the reasonthikaSubl locu

allele would have been expressed to a lesser tleaetould not withstand submergen

A selectionpressure was applied to reduce the sibs to be fdedao I, generations. To increase the efficiel

of selection, a sib analysis score chart was pegbhy giving score 1 wherever the quantitativetsratudied attained

positive with significant leel besides the favorable allelic score of stable 4). The allelic score revealed the presenc

either complete B allele or H and B allele indivadlypplants among the 75 sibs. Of the 75 sibs, eleiesn have recorde

highest score of 5 and above wahiincludes significant level for grain yield pdapt. These sibs are worth considering

forwarding to next generation for further evaluatidPreliminary results of this study indicated thetential use ¢

combined marker assisted pedigree sele over either of the method in isolation to improte submergence tolerar

in the early generation breeding materials derivenh elite parental combinatiol

Swarna
subl

FR13A ADT46

™ Before Submergence

60
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40
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o

IR42 ) e F:

3

= After de- subimergence

Figure 3: Plant Height (cm) of Parents, |, and F; Generations.

Table 4: Sib Analysis Score Chart

=
SLNo | SibNo | Plant Height before | PlantHeight after | Daysto | PlantHeightat |  HUmrerof T w 100 Grain | Grain Yield | Total | A€
Submergence (cm) | Submergence (m) | Flowering | Maturty @m) | pmdveive | Legh | WeEM | weght(o | Plant@
1 i1 N 5 - - 1 - 1 N 1 3 B
] 5 - - - - 1 - 1 - 5 b) B
3 5 N s 1 1 1 1 1 N 1 5 HE
1 5% - - 1 5 1 1 5 - 1 3 B
5[ B3I N 1 - 1 1 1 - N - 3 B
5 [ 15 - 5 - 1 1 1 1 - - 3 B
T | 160 N 1 - - 1 1 1 N - 3 B
T | 1% - 5 1 1 1 5 5 - - 3 iE
o [ 180 - 5 - - - 1 1 N - 2 B
5] - - - - 1 5 5 T - 3 iE
| 18 . 5 - 1 1 - - N - 3 B
T [ 201 - - 1 - - - 1 - - 3 B
5 | . 5 - - - - 1 T 1 3 B
T [2E T 1 - 1 - 1 - B 1 3 B
5| 230 N N - - 1 1 1 . 1 1 B
TR B B 1 - - 1 1 1 1 3 B
7] 29 . . 1 - - - - 1 1 3 HE
1§ [ 2d B B - - 1 1 1 B - 3 B
1 ] . . 1 - 1 - - . - 3 HE
0 | o4 T i 1 - - 1 - T - 5 HE
I | 358 N N 1 1 - 1 - N - 3 B
poR T B 1 - 1 1 - B 1 5 B
I N . 1 1 1 - 1 . - 4 HE
R T - - 1 1 - 1 1 T 1 5 B
B | 15, 1 . 1 1 - - 1 N - 3 HE
L 1 - 1 1 - 1 - T - 5 B
37| 310 1 . 1 - - 1 1 1 - 5 HE
P B - 1 1 - 1 - 1 - 1 B
B | 33 1 . - 1 - 1 - N - 3 B
0| 3% 1 - - 1 - 1 1 - - 1 B
5L [ 351 1 s 1 - 1 1 - 1 - 5 B
T 3 1 1 1 1 5 5 1 1 1 7 B
B | 3% 1 s 1 1 - - - N 1 4 HE
3| 370 1 . 1 1 - - - . 1 3 HE
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Table 4: Contd.,
33 379 1 1 1 1 - 1 - - 1 6 B
36 380 - - 1 1 1 1 1 1 6 HE
37 381 - - 1 - - - 1 1 3 B
38 390 1 1 - - - 1 - - 3 HE
39 396 1 1 1 1 - 1 1 1 7 B
40 399 1 - 1 1 - - - 1 - 4 B
41 419 - - - - - 1 - - 1 2 HE
42 431 1 - 1 1 1 - - 1 1 6 B
43 435 1 1 1 1 - 1 1 1 - 7 B
4 443 1 1 1 - - 1 1 5 B
43 4935 - 1 - - 1 B
46 521 1 1 - - 1 - - - 3 B
47 331 1 1 - 1 - - - 1 4 HE
43 399 1 - - 1 - 1 3 B
49 610 1 1 1 - - - 3 HB
30 630 1 1 - - 1 - 1 4 B
il 680 1 1 1 - 1 - 1 3 B
32 690 1 - - - - 1 B
33 692 1 1 - 1 - - 1 4 HE
34 359 1 1 - - - 1 1 4 HE
33 560 ] - T - ] : - ] 1 B
36 861 1 - - - - 1 E
37 022 - 1 1 1 - - - 1 4 B
38 980 1 1 - - 1 - 3 B
39 1017 1 1 - - 1 - 3 B
60 1040 - 1 1 - - 1 - - 3 E
61 1044 1 1 - 1 1 - 1 - 3 B
62 1110 - 1 1 - 1 - 1 - 1 3 B
63 1130 1 1 1 - - 3 HE
64 1191 - 1 1 1 3 B
63 1199 1 1 N - N N N 3 B
66 | 1210 - - - - 1 - I 3 5
67 1213 - - 1 - 1 - - - - 2 B
68 1221 - 1 - - 1 1 1 1 3 B
69 1231 1 1 - - - 1 - 1 - 4 B
10 1272 - - 1 1 1 - 1 4 B
71 1285 1 - - 1 1 - 1 - 4 B
72 1288 - 1 1 - - 1 1 1 1 6 B
13 1295 - - - - 1 1 1 - 1 4 HB
73 1311 . 1 1 5 5 5 1 5 1 1 B
13 1314 - 1 - 1 1 - 3 B
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APPENDICES

Figure 5: F, Generation under Submergence for 14 Days.
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Figure 6: De-Submerged Field View after 14 Days of
Submergence.

Figure 7: Symptoms of Submergence Injury in i Generation (14" day
after De-Submergence).

Figure 8: Phenotyping of i Families in Submergence Pond
before Submergence.
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Figure 11: Symptos (5f éubmergence Injry in EGeheration
(9" day after de-Submergence).

WWW.iaset.us editor @iaset.us



30 A. Kamatchi & K. Paramasivam

. h ! :
Figure 12: Symptoms of Submergence Injury in EGeneration
(35" day after Desubmergence).
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