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physiological responseto gibberellic acid (GA53)
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Abstract: Leaf is the major component for fixation of carbondioxide to produce more photoassimilates and main-
tains source sink relationship in plants. The present investigation was carried out to study the photosynthetic effi-
ciency and physiological response of GA; of semi-dwraf narrow rolled leaf mutant. Semi-dwarf narrow rolled leaf
mutant exhibited reduced plant height, reduced leaf width, reduced panicle length and number of grains per panicle
when compared to wild type. Photosynthetic efficiency study revealed that the mutant showed higher photosynthetic
efficiency than wild type. Complementation test with GA;3 clearly revealed that this mutant is sensitive to GA; and
revert to normal plant height. Scanning Electron Microscope study revealed that mutant had exhibited minimum
number of inter-veins between veins, minimum distance between midrib and has slightly larger cell size. Hence, this
loss of function mutant is very useful to map the regions associated with panicle length, number of grains per panicle
and other traits related to enhancement of yield. The result provides an important clue for further understanding the
mechanism of rice leaf development and plant architecture.

Keywords: Gibberellic acid, Photosynthetic efficiency, Scanning electron microscope, Semi-dwarf

INTRODUCTION shape, especially the curled leaf shape, have been

. . bei del ol ios 1 cloned and functionally analyze8LL1/RL9, a mem-
Rice Oryza sativa L.) being a model plant species for por ot the KANADI family, encodes a transcription

most of the monocotyledons and investigation ofrthe ¢ o, (Yanet al., 2008; Zhanggt al., 2009), and its
leaf morphology such as size and shape are major de,, ;iation leads to the failure of programmed ceditte

te_rmin_ants of plant architecture and strongly dffec ¢ gpayiq) mesophyll cells and the suppressionhef t
high-yield performance. However, leaf mOfPhO'og?/* a differentiation of the abaxial cells, and finalty gener-
well as other vyield-related components, is a h'ghlyate adaxially rolled leaves.

complex_trait. .In rice, many quantitatiye trg_it iloc Studies of leaf-shape development mainly focus on
(QTLs) controlling such traits have been identif@®l  |o4¢ 1olling and size. Several rolled-leaf geneseha

QTLs for the size of leaves were found to be co- : :

located with sink-related traits (Cedti al., 2003). Leaf Egﬁg bcéc;rr]]egcrz]iir;(\j/ezoir:?ictériglgg;]rﬁ; %;lalln tzhésllr)(.egard
Is th_e main factor for photosynthesis and _its m_o'ﬁoh However, few narrow-leaf traits have béen studied
ogy is closely related to th? photosynthetm eéﬁrmy_ because of the lack of functional deficiency muant
and consequent_ly contributing to the_ yle_ld formatio present, only seven narrow-leaf mutants are re-
R_ecent_ly, there IS a report that combmaﬂon oBhmt ported to be controlled by a single gene (nall2,nal
SIS _untlllzatlon W.'th plant ideotype is the only yveo nal3, nal4, nal5, nalé and nal7), of which Nall and
"%Ch'e"e h|gher yield (Yuan_, 1997). The morphology O Nal7 have been isolated but the molecular mechanism
rice Igaf.|s one of the major components of thevide are still unclear (wangt al., 2009). Creation and iden-
type in rice. And being appropriate curled can be-u e ation of novel narrow leaf mutants are impaorttén

ful for maintaining .the rice Iegf upright and helgithe order to isolate regulatory genes by a map-basat cl
glopulatlon to receive fmr(])re_ light (et al., f1|99%; ﬁuet ing strategy and to further understand the mechanis
2903)' Because of the importance of leaf s ane.anof rice leaf-shape development. In the presentystud
size in constructing ideotype in rice, many SCEBl o semi-dwarf narrow rolled leaf mutant deriveaiir
have put efforts in dissecting the genetic mecianis o meqa variety White Ponni via gamma irradiation

underlying rice leaf formation by analyzing theflea |, < sed as material to study the photosynthetic ef
shape mutants (Zuo and Li, 2014). To date, a few

. . ) ciency, leaf morphology using scanning electron mi-
genes involved in regulating the development of lea croscope (SEM) and was also observed for the physio
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logical response to gibberellic acid (A studied for their difference in internal cell agement
patterns under Scanning Electron Microscope (SEM)
MATERIALSAND METHODS (Model : FEI quenta 200 SEM ) built in the Depantine

Plant materials: Biological material used in the pre- of Nano Science and Technology, Tamil Nadu Agricul-
sent study was semi-dwarf narrow rolled leaf mutanttural University, Coimbatore, Tamil Nadu.

identified in M, generation using gamma radiation.

The M,seeds of the mutant were forwarded toddn- RESULTSAND DISCUSSION

eration where leaf morphology, vein patterening inLeaf rolling is an important agronomic trait in eic
leaves, cell pattern in nodal and internodal region breeding and moderate leaf rolling maintains tteeter
under scanning electron microscope, photosynthetimess of leaves and minimizes shadowing between
efficiency of the mutant using chlorophyll fluorotee  leaves, leading to improved photosynthetic efficien
and GA response were studied along with the wild and grain yields. The present investigation idéedifa
type White Ponni. unigue mutant with some defects in their leaf motph
Study on Photochemical efficiency (Chlorophyll ogy and plant architecture (Fig 1). This mutantilexh
Fluorometer) : Photochemical efficiency of semi- ited narrow rolled leaves and reduced height when
dwarf narrow leaf mutant and wild type were recarde compared to White Ponni wild type. Rolling leaf mat
by using the handy and portable photochemical effi-rial of rice were also helpful in the research ehgs
ciency analyser or chlorophyll fluorometer (Model — related with leaf growth and development as same as
0S30p). Simple fluorescence measurements can beegulation mechanisms to osmotic stress (Hstaa.,
made by the pre-darkening of the leaf sites folld\g 1984). Rolling leaf is easily distinguished fromhet

a short exposure to a saturating light intensitgabur-  leaf type. As marker gene rolling leaf charactereme

ing the fluorescence intensities over time produges widely applied in rice genetic and physical mapping
Kautsky induction curve. The shape of this curva ca research (Shet al., 2007; Wuet al., 2010), abundance
be used as an indication of environmental stress-da rolling leaf materials in rice which the geneticahae-
age on the photosynthetic apparatus. Measured pazisms were different have been identified (gtual.,
rameters include FBt, Fv, Fm and Fv/Fm and OJIP. 2010; Luoet al., 2007). Determination of photochemi-
Photochemical efficiency of the genotype was calcu-cal efficiency of narrow rolled leaf mutants duritige

lated by the formula given below. peak vegetative phase using photosynthetic effigien
Photochemical efficiency = Fv/Fm analyzer (Portable chlorophyll fluorometer — Model:
Where, 0OS30p). This study clearly revealed that, semi-flwar
Fv = Variable fluorescence narrow rolled leaf mutants of White Ponni exhibited
Fm = Maximum fluorescence higher value of photosynthetic efficiency when com-

Study of GA; response in mutants: Seeds of the mu- pared to wild type (Table 1). Most of the rollingaf
tant was selected in Mgeneration were surface steril- mutant increased the colony yield which depends on
ized with 2 per cent Hggl(Mercuric chloride) solu- the decrease yield of single plant. However, thepa
tion for 30 minutes and then washed with steriléewa dox was found that in some research, the net pjoetos
They were placed in wet filter paper and then kapt thesis rate of single plant was higher in rollinger
dark at 36C for two days for germination. Elongation than that of wild-type (Cheat al., 2005). Wang al.

of shoot was quantified by microdrop method (2012) indicated that rolling leaf mutant decrettse
(Mitsunagaet al., 1994). After germination, ten uni- efficiency of light utilization compared to the wdil
formly germinated seeds were placed on 1 per centype. This was because of the reduction of leaé are
agar plate and allowed to grow at’@5under fluores-
cent light till the emergence of second leaf sheath
ter two days, 1 pl of GAsolution (10 mg/ml) was ap-
plied to coleoptile region of rice seedlings. Filays after
this treatment, the length of the second-leaf sheats :
measured and an average of five seedlings was taken ;_.‘ 8 <8
calculate GA response (GAR) by the following formula.
This GA; response study was conducted in three repli* 4

cates unden vitro condition.
Mean length of second leaf sheath in

GA; treatment

GA; response (GAR) = x 100
Mean length of secteaf sheath

in control
Scanning electron microscope (SEM): Transverse
sections of leaf, nodal region and internodal negjiof the

semi-dwarf narrow rolled leaf mutant and controlreve

i - S ¥l "'-;

- N L3

Fig 1. Semi-dwarf narrow rolled leaf mutant of White Ponni.
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Semi-dwarf narrow rolled leaf mutant of White Ponni

Fig 2. Variation in leaf morphology and cell structural pat-
tern of third internodal region in white ponni and semi-dwarf
narrow rolled leaf mutant. 1. Leaf morphology variation, 2.
Vein pattern variation, 3. Intervein variation and 4. Cell
pattern variation.

breeding crops with improved photosynthetic effi-
ciency and subsequently higher yield (Laagal.,
2004).

GAzresponse of semi-dwarf narrow rolled leaf mutant
of White Ponni was estimated using microdrop method
of GA; application to the coleoptiles region of the
seeds three days after germination. Narrow roked |
mutant recorded low response to £pplication
(Table 2) (Tanakat al., 2000). Hence from the study
it is better to understand that the muatnt is nsemsi-
tive to GA; application. The complementation test with
gibberellic acid exhibited that the identified nmitta
reverts to its normal plant height when $&applied
externally. Neeraja&t al. (2009) reported that, occur-
rence of DGWG allele ofd1l gene and GA3 response
were analyzed together, existence of two kinds of
dwarfs was noticedliz., dwarf accessions with DGWG
allele and dwarf accessions without DGWG alleledif
allele exhibiting varying responses to G/Ad1 gene with
varying response to GA3 could be used as excelltart
nate sources for DGWG allele sfl gene.

In addition to this, the leaf afarrow rolled leaf mutant
had exhibited minimum number of inter-veins between
veins, minimum distance between midrib and has
slightly larger cell size and minimum cell numbeitu
area (Fig 2). These results of our study were stipgo
by the findings of Qiet al. (2008) in a classic rice
dwarf mutant named narrow leafl (nall) with affecte
vein patterning and polar auxin transport. Fujahal.
(2008) reported that, in narrow and curled leafantt
mutation resulted in reduced leaf width, no sigaifit
morphological changes at the cellular level in &sav

and chlorophyll contents and the dissipation of @nor \yere observed. The same study was conducted by
excitation energy as non-photochemical quenchir@ as Fenget al. (2012) who reported that, the mutant dis-
result of avoiding potential damage of membranepjayed narrow and upper-albino leaf blades with sig
structure. These narrow rolled leaf mutants aldobex

ited semi-dwarfness, less panicle length and retluce ioughout their development and narrow leaf tisit
number of filled grains per panicle but their gsaimas

slender when compared to grains of wild type. This| ee ¢t al."(2011) also reported that, the mutant leaves

may be due to lack of source sink relationship.sThu haq fewer veins and smaller bulliform cells comparri
the study of rolled leaf mutant will be meaningfat

nificantly decreased photosynthetic pigment comtent

caused by a decreased number of small veins.

to those of Koshihikari. Mutant had fewer largengei
(lateral veins) and small veins (intermediate veins

Table 1. Photosynthetic efficiency of sem-dwarf narrow than those of Koshihikari, resulting in the narrtmaf
rolled leaf mutant of White Ponni.

Mutants Fv/Fm
Semi-dwarf narrow rolled 0.7107
leaf mutant
White Ponni (wild type) 0.6902

phenotypes. Cross-section analysis of mutant leaves
showed reduced bulliform cells and exists spedlfica

in the upper side of leaves in rice, and their nemb
and density affects determination of the leaf ngjli

Table 2. GAz response of Semi-dwarf narrow rolled leaf mutdiivbite Ponni using microdrop method.

GA; non treated GA;treated GA; response

Mutant 5DAT 15 DAT 5DAT 15 DAT 5DAT 15 DAT
u

Length of 2 Length of 2™ Length of 2™ Length of 2™

leaf sheath (cm) leaf sheath (cm) leaf sheath (cm)  leaf sheath (cm)
semi-dwarf ~ narrow 4 o, 2.77 2.78 3.75 146.32 135.54
rolled leaf mutant
:’;’;‘g)e Ponni - (wild ;7 2.17 1.78 3.46 166.88 159.69
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and stretching movement (k& al., 1979). Therefore,

developmental defects of veins and bulliform cells
affected the leaf rolling morphology. It has been
shown that under drought conditions, bulliform sell

lose turgor pressure and shrink, leading to thingpl
up of leaves. Once water is sufficient, the bultlifio
cells expand and the leaves open again (Ratica.,

1997; Alvarezet al., 2008). However, the molecular

Identification and characterization of NARROW AND
ROLLED LEAF 1, a novel gene regulating leaf mor-
phology and plant architecture in riddant Mol. Bial.,
73: 283-292.

Lang,Y.Z., Zhang, Z.J., Gu, X.Y., Yang, J.C. and ZQuS.

(2004). Physiological and ecological effects ofrgy
leaf character in riceQryza sativa L.) Il. Photosyn-
thetic character, dry mass production and yieldhfog.
Acta. Agron. Sin., 30: 883-887.

and genetic mechanisms of leaf rolling and the func |ee. s, Choi, M., Lee, J. and Koh, H.J. (2011). Gbtaris-

tion of bulliform cells in leaf rolling remain toebelu-
cidated. Therefore the elucidation of the genetisi®
of the control of leaf shape and size could bessf in
the manipulation of crop traits, leading to morabst
and increased crop production.

Conclusion

One of the most important targets to improve crop

yield is leaf photosynthetic capacity. The leaf piwl-
ogy, particularly in crop, is one of the most imiaot

agronomic traits because it influences the vyield
through the manipulation of photosynthetic capacity

and transpiration. A new rolling leaf rice mutanasv
identified which showed an apparently straightegie
tudinal shape normal transverse rolling charactess!

tics and Genetic Segregation of a Rolled Leaf Muitant
Rice.Kor. J. Breed. Sci. 43(4): 181-185.

Li, Qin-Xiu, Xu-Xian Peng and Yu-Lan Wang, (1979%Yide-

cross betwee®ryza longistaminata A. Chev. et Rochr.
andO. sativa L. Schuan J. Agr. Sci. Tech. 1: 65-66.

Luo, Z., Z. Yang., B. Zhong., Y. Li., R. Xie., Fhdo., Y.

Ling., G. He . 2007. Genetic analysis and fine niagp
of a dynamic rolled leaf gene, RL10(t), in ric@ryza
sativa L.). Genome, 50: 811-817.

Lv, C. G, Gu. F.L., Zou, J.S. and Lu, M. L. (199%judies

on vyielding potential and related charactersticgiod
ideotype.Sci Agric Sin, 24(5): 15-22. (in Chinese with
English abstract).

Mitsunaga S, T. and Tashiro, J. (1994). YamagLlatifi-

cation and characterization of gibberellin-inseinsit
mutants selected from among dwarf mutants of rice
Theoretical and Applied Genetics, 87(6): 705-712.

developing stages. This study also found that #¥e N Neeraja, C.N., Vemireddy, L.R., Malathi, S. anddgid E.A.

photosynthesis efficiency of single plant was higine
rolling rice than that of wild-type. This mutantsal
served as loss of function mutant for various yield

lated traitsviz.,, reduced plant height, reduced leaf

width, reduced panicle length and number of grpers
panicle. Therefore, further genetic analysis isesec

sary to map the genes associated with the above men

tioned traits in future breeding programmes.
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