ASSESSMENT OF THE MARKER-TRAIT ASSOCIATION
BETWEEN YIELD PARAMETERS AND POLYMORPHISM
OF THE GHD7 LOCUS IN A CORE SET OF RICE

 GENOTYPES GROWN IN SRILANKA. .. %ie
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» Rice is the staple food crop for nearly half of the world’s
population

» 1.7 billion increase Iin the global population would be
expected by 2025

» An increase in rice production would be required

» Genotype-based selection is much popular due to its high
efficiency in plant breeding (Collard and Mackill, 2008)

» The concept of molecular markers and their mapping in
relevant linkage groups is a requisite in molecular breeding
(Jones et al., 1997)



Rice yield
» Rice yield is a complex agronomic trait (Yan et al., 2011)

= Genetic constitution
= Environment

» Grain yield, plant height and heading date are 3 important traits

Ghd7 QTL

» A pleiotropic QTL which regulates the above three traits
» It is positioned within the chromosome 7 (Xing et al., 2014)

» It encodes a CCT (CO, CO-LIKE AND TIMING OF CAB1)
domain protein (Xue et al., 2008)



Why is this study important?

» Ghd7 QTL has been cloned and sequenced in several other
rice germplasms belonging to indica and japonica varieties
(Xing et al., 2014)

» None of the studies have been conducted on Ghd7 for Sri
Lankan rice germplasm

» This study focuses on improving the yield potential in Sri
Lankan rice germplasm using DNA markers linked to the
Ghd7 QTL






1. Screening of the 12 rice genotypes (belonging to high,
moderate, low yielding) for vegetative, flowering and
harvesting measurements in both the Maha and Yala season

2. To detect the genetic polymorphism of Ghd7 locus among 12
rice genotypes using 12 DNA markers linked to Ghd7 QTL

3. To study of marker-trait association
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Morphometric analysis

PLANT CULTIVATION

12 rice genotypes were
grown under greenhouse
| conditions in Yala and

K Maha seasons /

Morphological data
collection

Vegetative, flowering and

harvesting measurements

were taken at regular time
intervals /’

Table 1 Morphological parameters used for the phenotypic screening

Measurement type Measurement
Vegetative Plant height (PH), Culm length (CL), Number of
tillers (NT), Leaf blade length (LBL) & width (LBW)
Flowering Heading date, Flag leaf length (FLL), Flag leaf width
(FLW)
Harvesting Days to harvest, yield, Seed number (SN), Seed

length (SL), Seed width , Seed weight , 100 seed
weight (100 SW), 100 endosperm weight (100 EW),
Endosperm length (EL), Endosperm width (EW)
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Table 2 DNA markers used for the phenotypic screening

DNA marker Annealing T (°C)

K20 55 Chin et al., (2010)
Seql-2 23

Lu et al., (2012)
Seq7-8 24
RM1135 58
RM>5499 o7 Gramene QTL
RM5346 56 database, (2017)
RM5436 57
G7/rq 59
Hd3a 56
LHY 56 Xue et al., (2008)
PRR 58

Gl 57



RESULTS
&
DISCUSSION



Morphometric analysis

= PH
Significantly different
Pachchaperumal (Maha)

Suwadhal (Yala) (P<0.05)

= Newly improved varieties
have been developed with a
better resistance to lodging

(IRRI, 1983)

= The results are corroborated

with Saito et al., (2006)

= NT & LBW
Not significantly different
(P<0.05)

Moderate yielding genotypes

L= L

Bw 272-6b Pachchaperumal Suwadhal
Low yielding genotypes

Figurel Morphological appearances of
rice genotypes at the flowering stage in
Maha season under greenhouse
conditions



= Grain yield
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Figure 2 Variation of the grain yield of rice genotypes in both Maha and Yala season

»Maha: Suwadhal recorded a low yield
»Yala : Not significantly different (P<0.05)



Morphometric analysis

= All the harvested
measurements except
SN & yield were
significantly different
among the rice
genotypes (P<0.05)

At362 Bg300 Bg366 Bg90-2

Figure 3 Morphological variance of rice seeds (left)
and endosperms (right) of 12 rice genotypes in Yala
season under greenhouse conditions

= Grain yield with respect to agronomical traits (number of
grains, 100 GW, PH, NT, days to flowering, days to mature)
have been reported in other studies (Kalyan et al., 2017)



Morphometric analysis

» The effect of seasonal changes on crop yield was evaluated
IN this study

» Similar studies have previously been conducted in Sri
Lanka (Weerakoon et al., 2011; De costa et al., 2003) and
In worldwide (Welch et al., 2010; Zhang et al., 2010)

» Different rice genotypes can be categorized based on the
phenotypic evaluation

» Based on the results, the morphological parameters except
the yield, SN, LBW and NT could be used to distinguish
among the genotypes



» Morphological variability would not be desirable in selecting
the genotypes with high yield

» The yield is highly determined by environmental factors

» The applicability of phenotypic evaluation is limited due to,
» less accuracy
» high cost

» space and time consuming nature



1. DNA polymorphism of Ghd7 locus
2. Haplotype detection of Ghd7 locus
3. Cluster analysis

4. Marker-trait association analysis
= Association between DNA markers and yield traits

= Association between DNA markers and yield class



1. DNA polymorphism of Ghd7 locus

» RM5346, RM5436, Seql-2,
Seq7-8, G7rqg and Gl were
detected with polymorphism

* The highest polymorphism
> Gl
» Seql-2

= 20 alleles were detected
with 1-3 alleles per locus

* The results reveal a genetic
diversity across the 12 rice
genotypes

Figure 4 The DNA polymorphism of 12
markers linked to Ghd7 QTL in 12 rice
genotypes



2. Haplotype detection of Ghd7 locus

* The haplotypes were
detected using the
haplotype of Bg 90-2
using as the
reference haplotype

» 10 marker haplotypes
were detected for 12
rice genotypes

» Bg 366, Bg 310 and
Bw 272-6b were
belonged to the same
haplotype
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Figure 5 Ghd7 linked marker haplotypes of 12
rice genotypes.



3. Cluster analysis

1

= 3 main clusters could be " e
detected at 17% molecular Ry
similarity coefficient

Bw 367

Bg90-2

= They were subdivided into 7 I |
clusters at 80% molecular —as0r |
similarity coefficient I B 272 6b

» Bg 366, Bg 310 and Bw 272-6b a6 |
genotypes showed 100% S —
similarity | ——

At 362

> Conserved allelic pattern of oo s e s

Similarity

RM5436, RM5346, Seq7'8, Figure 6 Dendrogram constructed for 12

G7rg and GI markers rice genotypes using the algorithms of
Complete Linkage and Euclidean distance

in Minitab 17 (Minitab Inc.USA)




3. Cluster analysis

» Pachchaperumal & Suwadhal
were grouped into 2 clusters

= Similar studies to evaluate the
genetic variation using different
SSR markers have been
reported (Ming et al., 2010)

\Pachchaperumal

Bg 352

Bw 367

Bg90-2

Bg 250

At 307

Bw 272-6b

Bg310

Bg 366

Bg 300

Suwadhal

At 362

O:.OO 33.1;3 66.6‘l7 100.00
Similarity
Figure 6 Dendrogram constructed for 12
rice genotypes using the algorithms of
Complete Linkage and Euclidean distance
in Minitab 17 (Minitab Inc.USA)



4. Marker-yield trait association analysis

Table 3 Marker-trait association for yield traits with DNA markers in two seasons

234 | S. Width SN, S. weight, S. width, EW 6
RM5436 4
225 | S. weight, SL, EL SL, EL
Yield, S. weight, SL, S. 6 Yield, S. weight, SL, S. 6
RMS346 1 226 | idth, EL, EW width, EL, EW
900 | VYield, S. weight, SL, EL SL, EL
Seq7-8 4 5
850 | SN, S. width, EW SN, S. width, EW
750 | SN, S. weight, SL, EW SN, S. width, EW
Seql-2 _ 5 3
625 | S. Width -
208 | Yield, EL, S. width, EW SL, S. width, EW
G7rq 4 _ 4
200 |- S. Weight

790 | S. weight, SL, S. width -
720 | S. weight, SL, S. width S. Weight

S. weight, SL, EL, S.
width

Gl

485 S. Weight




4. Marker-yield class association analysis

» None of the marker allele was significantly associated with
the yield class (P<0.05)

» Cramer’s V-square revealed a much less strong
relationship for all the associations (Value was closer to 0)



4. Marker-trait association analysis

» Marker assisted selection (MAS) is beneficial over the
phenotypic selection:

» Easiness in screening

» Select the genotypes at the seedling stage

= Distinguish between homozygotes & heterozygotes
* Time & space saving (Acquaah, 2012)

» Selection of desirable genotypes for different agronomical
traits based on molecular markers have been reported for
many crop species (Zhou et al., 2003; Zhang et al., 2004,
Liu et al., 2017)



4. Marker-trait association analysis

» The number of marker-trait associations are In
contradiction to the previous studies (Borba et al., 2010)

» The presence of marker allele was coupled with higher
trait values in most of the cases

» Increased states of 100 SW & 100 EW were coupled with
the absence of 625bp allele of Seql-2 marker

> This result is inconsistent with the results of some studies
(Chamikara et al., 2015)






» Phenotypic screening is not much effective in selecting the
high yielding genotypes

» Genetic screening is more beneficial over the phenotypic
selection

» The present study reflects a genetic polymorphism of Ghd7
locus among the 12 rice genotypes

» All the six polymorphic markers could be used in MAS

» Seq7-8 and RM5346 would be more useful in MAS in future
breeding programs



FUTURE
DIRECTIONS



» The results facilitate marker-assisted backcrossing in future
breeding programs

» The DNA markers could be used to detect the genetic diversity
and similarity among rice genotypes

» The haplotype information would be useful for the development
of novel varieties with specific allele combinations with the use
of marker-assisted selection






Acquaah G (2012). Principles of Plant Genetics and Breeding. John Wiley & Sons, Ltd, the Atrium,
Southern Gate, Chichester, West Sussex, UK. Pp. 383-424.

Borba TCDO, Brondani RPV, Breseghello F, Coelho ASG, Mendonca JA, Rangel PHN, Brondani C
(2010). Association mapping for yield and grain quality trait in rice (Oryza sativa L.). Genetics
and Molecular Biology 33(3): 515-524.

Chamikara MDM, Ishan M, Karunadasa SS, Perera MKDI, Rajapaksha PI, Lelwala RV,
Kasthuriarachchi VDW, Jeyakumar DT, Weebadde CK, Sooriyapathirana SDSS (2015).
Morphological and microsatellite marker analysis of fruit size and shape in selected accessions
and commercial cultivars of Capsicum species in Sri Lanka. International Journal of
Multidisciplinary Studies 2(1): 11-32.

Chin JH, Lu X, Stephan M, Gamuyao HR, Ismail A, Wissuwa M, Heuer S (2010). Development and
application of gene-based markers for the major rice QTL Phosphorus uptake 1. Theoretical and
Applied Genetics 120(6): 1073-1086.

Collard BCY, Mackill DJ (2008). Marker assisted selection: an approach for precision plant
breeding in the twenty-first century. Philosophical Transactions of the Royal Society B 363: 557-
572

De Costa WAJM, Weerakoon WMW, Herath HMLK, Abeywardena RMI (2003). Response of
growth and yield of rice (Oryza sativa) to elevated atmospheric carbon dioxide in the subhumid
zone of Sri Lanka. Journal of Agronomy and Crop Science 189: 83-95.

Gramene QTL database. (2017). Available at www.gramene.org/. Accessed on May 14t 2017.



IRRI (1983). Biological basis, physical environment, and crop productivity. Proceedings of the
Symposium on Potential Productivity of Field Crops Under Dfferent Environments, Los Banos,
Laguna, Philippines. Pp. 3-128.

Jones N, Ougham H, Thomas H (1997). Markers and mapping: we are all geneticists now. New
Phytologist 137: 165-177.

Kalyan B, Krishna KVR, Rao LVS (2017). Correlatin coefficient analysis for yield and its
components in rice (Oryza sativa L.) genotypes. International Journal of Current Microbiology
and Applied Sciences 6(7): 2425-2430.

Liu R, Fang L, Yang T, Zhang X, Hu J, Zhang H, Han W, Hua Z, Zong X (2017). Marker-trait
association analysis of frost tolerance of 672 worldwide pea (Pisum sativum L.) collections.
Scientific Reports 7(5919): doi: 10.1038/s41598-017-06222-y.

Lu L, Yan W, Xue W, Shao D, Xing Y (2012). Evolution and association analysis of Ghd7 in rice.
PL0S ONE 7(5): e34021.d0i:10.1371/journal.pone.0034021.

Ming H, Fang-min X, Li-yun C, Xiang-gian Z, Jojee L, Madonna D (2010). Comparative analysis of
genetic diversity and structure in rice using ILP and SSR markers. Rice Science 17(4): 257-268.

Saito K, Linquist B, Atlin GN, Phanthaboon K, Shiraiwa T, Horie T (2006). Response of traditional
and improved upland rice cultivars to N and P fertilizer in northern Laos. Field Crops Research
96: 216-223

Weerakoon WMW, Mutunayake MMP, Bandara C, Rao AN, Bhandari DC, Ladha JK (2011). Direct-
seeded rice culture in Sri Lanka: Lessons from farmers. Field Crops Research 121: 53-63.



Welch JR, Vincent JR, Auffhammer M, Moya PF, Dobermann A, Dawe D (2010). Rice yields in
tropical/subtropical Asia exhibit large but opposing sensitivities to minimum and maximum
temperatures. Proceedings of the National Academy of Sciences 107(33): 14562-14567.

Xing Y, Zhang Q, Xue W. (2014). Cloning and application of a pleiotropic gene Ghd7 that controls
grains yield, heading date and plant height of rice. US Patent No.: US8653329B2, Washington,
DC: US Patent and Trademark Office.

Xue W, Xing Y, Weng X, Zhao Y, Tang W, Wang L, Zhou H, Yu S, Xu C, Li X, Zhang Q (2008).
Natural variation in Ghd7 is an important regulator of heading date and yield potential in rice.
Nature Genetics 40(6): 761-767.

Yan WH, Wang P, Chen HX, Zhou HJ, Li QP, Wang CR, Ding ZH, Zhang YS, Yu SB, Xing YZ,
Zhang QF (2011). A major QTL, Ghd8, plays pleiotropic roles in regulatory grain productivity,
plant height, and heading date in rice. Molecular Plant 4(2): 319-330

Zhang Z, Xu J, Xu Q, Larkin P, Xin Z (2004). Development of novel PCR markers linked to the
BYDV resistance gene Bdv2 useful in wheat for marker-assisted selection. Theoretical and
Applied Genetics 109: 433-439.

Zhang T, Zhu J, Wassmann R (2010). Responses of rice yields to recent climatic change in China:
An empirical assessment based on long-term observations at different spatial scales (1981-
2005). Agricultural and Forest Meteorology 150: 1128-1137.

Zhou WC, Kolb FL, Bai GH, Domier LL, Boze LK, Smith NJ (2003).Validation of a major QTL for
scab resistance with SSR markers and use of marker-assisted selection in wheat. Plant
Breeding 122: 40-46.



ACKNOWLEDGEMENTS



» My supervisor: Prof. S.D.S.S. Sooriyapathirana

» Dr. Amitha P. Bentota (Director) & Dr. U.A.K.S. Udawela
(Additional Director) RRDI Institute, Bathalagoda, Sri Lanka

» Academic staff of the Molecular Biology & Biotechnology
» Members of the Department of Physics

» Temporary academic staff

» Former temporary academic staff

» Nonacademic staff

» My colleagues



THANK YO

A " =<\ .
/“—"- 2 /~0 ”
1 2R

oV . N '
-
.

| d
Photo source: botah



