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Abstract 

Photoperiodism represents a critical adaptive mechanism enabling plants to synchronize flowering with optimal 

environmental conditions. This review examines the molecular and genetic foundations underlying photoperiod 

sensitivity in flowering plants, with particular emphasis on the model organism Arabidopsis thaliana. The 

photoperiodic flowering pathway integrates light signals through photoreceptors with endogenous circadian 

rhythms to regulate the expression of key floral integrators. Central to this process is the CONSTANS (CO) 

protein, which acts as a critical molecular switch whose stability and activity are regulated by both light quality 

and photoperiod length. Under long-day conditions, CO accumulates during the light period and activates 

transcription of FLOWERING LOCUS T (FT), encoding a mobile florigen signal that promotes flowering. This 

pathway involves complex regulatory networks including GIGANTEA (GI), FLAVIN-BINDING KELCH 

REPEAT F-BOX 1 (FKF1), and various E3 ubiquitin ligases that modulate CO protein stability. Understanding 

these genetic mechanisms holds significant implications for crop improvement, particularly in adapting 

agricultural species to changing climate conditions and expanding their geographical range. This review 

synthesizes current knowledge of photoperiod sensing mechanisms and highlights emerging areas for future 

research in plant developmental biology. 
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1. INTRODUCTION  

The transition from vegetative to reproductive development represents one of the most critical decision 

points in the plant life cycle. For many flowering plant species, this developmental switch is tightly regulated by 

environmental cues, particularly day length or photoperiod. Photoperiodism, first described by Garner and Allard 

in 1920, enables plants to measure seasonal changes through detection of day length variations, thereby 

synchronizing flowering with favorable conditions for pollination and seed development.1,2 This adaptive 

mechanism has profound implications for plant fitness, agricultural productivity, and species distribution across 

latitudinal gradients. 

Plants can be classified into distinct photoperiodic response categories based on their flowering 

requirements. Long-day plants (LDPs) flower when day length exceeds a critical threshold, typically during late 

spring and summer in temperate regions. Conversely, short-day plants (SDPs) initiate flowering when nights 

exceed a critical duration, generally in late summer or autumn. Day-neutral plants exhibit flowering that is 

independent of photoperiod. This classification system, while useful, oversimplifies the complex quantitative 

relationships between photoperiod and flowering time observed in nature.3 The molecular dissection of 
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photoperiodic pathways has revealed that the same core genetic components can be configured differently across 

species to generate diverse photoperiodic responses. 

Research using the model organism Arabidopsis thaliana, a facultative long-day plant, has provided 

fundamental insights into the genetic architecture of photoperiodic flowering. Over the past three decades, forward 

and reverse genetic approaches have identified numerous genes essential for photoperiod perception and 

response.4 These discoveries have revealed that photoperiodic flowering involves the integration of at least four 

major pathways: the photoperiod pathway, the vernalization pathway, the autonomous pathway, and the 

gibberellin pathway. While these pathways can function independently, they converge on a small number of floral 

integrator genes that ultimately determine flowering time.5 

This review focuses specifically on the genetic regulation of photoperiod sensitivity, examining the 

molecular mechanisms by which plants measure day length and translate this information into appropriate 

developmental responses. We discuss the critical roles of photoreceptors, circadian clock components, and the 

photoperiod-specific regulatory network centered on CONSTANS and FLOWERING LOCUS T. Furthermore, 

we explore how natural variation in photoperiod pathway genes contributes to local adaptation and consider the 

applied implications of this knowledge for crop improvement and climate change adaptation. 

2. MOLECULAR COMPONENTS OF THE PHOTOPERIOD PATHWAY 

2.1. Photoreceptors and Light Quality Sensing 

The perception of light signals initiating photoperiodic responses depends on multiple photoreceptor 

families, each sensitive to different wavelengths of light. Phytochromes (PHY) primarily absorb red and far-red 

light, existing in two photointerconvertible forms: the red light-absorbing Pr form and the far-red light-absorbing 

Pfr form.6 In Arabidopsis, five phytochrome genes (PHYA-PHYE) encode photoreceptors with overlapping but 

distinct functions. PHYB plays a particularly important role in photoperiodic flowering, promoting flowering 

under long days through stabilization of CONSTANS protein in the light.7 

Cryptochromes (CRY), which absorb blue and UV-A light, also contribute significantly to photoperiodic 

flowering regulation. CRY2 promotes flowering under long days by enhancing CO protein stability and 

transcriptional activity.8,7  

The flavin-binding ZEITLUPE (ZTL) family proteins, including ZTL itself, FLAVIN-BINDING 

KELCH REPEAT F-BOX 1 (FKF1), and LOV KELCH PROTEIN 2 (LKP2), represent another class of blue light 

receptors crucial for circadian clock function and photoperiodic flowering.9 FKF1 specifically interacts with 

GIGANTEA in a light-dependent manner to degrade CYCLING DOF FACTOR proteins, thereby releasing CO 

transcription from repression.10 

2.2. The Circadian Clock Connection 

A functional circadian clock is essential for photoperiodic time measurement in plants. The clock 

generates endogenous approximately 24-hour rhythms that are entrained by environmental light-dark cycles. In 

Arabidopsis, the core oscillator comprises multiple interlocking transcriptional-translational feedback loops. 

 The morning-expressed MYB transcription factors CIRCADIAN CLOCK ASSOCIATED 1 (CCA1) 

and LATE ELONGATED HYPOCOTYL (LHY) repress evening genes, while the evening-expressed TIMING 

OF CAB EXPRESSION 1 (TOC1) and related PSEUDO-RESPONSE REGULATOR (PRR) proteins repress 

morning genes.11 This reciprocal regulation generates sustained oscillations in gene expression throughout the 

day-night cycle. 

The circadian clock controls photoperiodic flowering by regulating the rhythmic expression of key 

photoperiod pathway genes, most notably CONSTANS. CO mRNA accumulates predominantly in the evening 

due to direct transcriptional activation by the clock component GIGANTEA and repression by CDF proteins, 

which are themselves clock-regulated.12 Under long-day conditions, this timing ensures that CO expression peaks 

when light is still present, allowing CO protein to accumulate and activate FT transcription. Under short days, 

peak CO expression occurs in darkness, when CO protein is rapidly degraded, preventing FT activation.13 This 

mechanism, termed 'external coincidence,' represents the molecular basis of photoperiod discrimination in 

Arabidopsis. 
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Fig 1: Schematic representation of the photoperiod pathway in Arabidopsis thaliana. 

 

Light signals are perceived by photoreceptors and integrated with the circadian clock. The clock regulates 

expression of GIGANTEA (GI) and FKF1, which control CONSTANS (CO) accumulation. CO activates 

FLOWERING LOCUS T (FT), which then promotes flowering through downstream transcription factors SOC1 

and FD. Adapted from Song et al..3 

2.3. CONSTANS: The Central Photoperiod Switch 

The CONSTANS gene encodes a zinc-finger transcription factor that serves as the primary output of the 

photoperiod measurement system. CO protein contains two conserved domains: a B-box zinc finger domain at 

the N-terminus involved in protein-protein interactions, and a CCT (CO, CO-like, TOC1) domain at the C-

terminus essential for nuclear localization and transcriptional activation.14, 15 The CO protein acts as a 

transcriptional activator of FLOWERING LOCUS T, directly binding to conserved regulatory elements in the FT 

promoter.16 CO protein stability and activity are exquisitely regulated by light through multiple mechanisms. 

Under darkness, CO protein is targeted for degradation by the COP1/SPA E3 ubiquitin ligase complex, which 

mediates CO ubiquitination and subsequent proteasomal degradation.17,18 In the light, phytochromes and 

cryptochromes antagonize COP1 activity, stabilizing CO protein. Additionally, the PHYTOCHROME-

DEPENDENT LATE-FLOWERING (PHL) protein promotes CO degradation specifically in the dark through an 

alternative degradation pathway.19 This complex regulation ensures that CO protein accumulates only when its 

expression coincides with light, which occurs specifically under long-day photoperiods. 

Fig 2: Regulation of CONSTANS protein stability under long-day versus short-day conditions. 
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Under long days (left panel), CO expression peaks during the light period, allowing CO protein 

stabilization by photoreceptors and subsequent FT activation. Under short days (right panel), CO expression 

occurs predominantly in darkness when CO protein is degraded by COP1/SPA E3 ligase complexes, preventing 

FT induction. This differential CO protein accumulation underlies photoperiodic discrimination. Based on 

Valverde et al. 7 and Liu et al..17 

2.4. FLOWERING LOCUS T and the Florigen Concept 

FLOWERING LOCUS T represents the long-sought floral stimulus or 'florigen' whose existence was 

predicted by classical grafting experiments. FT encodes a small globular protein belonging to the 

phosphatidylethanolamine-binding protein (PEBP) family.20, 21 FT is expressed predominantly in leaf vascular 

tissue under inductive long-day conditions, and the FT protein moves through the phloem to the shoot apical 

meristem where it initiates flowering.22, 23 This mobile signal function explains the classical observation that 

exposure of even a single leaf to inductive photoperiods can trigger flowering of the entire plant. 

At the shoot apex, FT protein interacts with the bZIP transcription factor FD to form a transcriptional 

activation complex.24,25 This FT-FD complex directly activates floral meristem identity genes including 

SUPPRESSOR OF OVEREXPRESSION OF CONSTANS 1 (SOC1) and APETALA1 (AP1), which encode 

MADS-box transcription factors that specify floral fate and initiate flower development.26 The discovery of FT as 

the mobile flowering signal represented a major breakthrough in plant developmental biology and confirmed the 

existence of a systemic floral induction mechanism operating across plant organs. 

2.5. Genetic Variation and Natural Diversity in Photoperiod Sensitivity 

Natural populations of plant species exhibit substantial variation in photoperiod sensitivity, reflecting 

local adaptation to diverse environments across latitudinal and altitudinal gradients. In Arabidopsis, naturally 

occurring accessions display a broad range of flowering time responses to photoperiod, from highly photoperiod-

sensitive ecotypes that flower late under short days to day-neutral accessions that flower early regardless of 

photoperiod.27 Quantitative trait locus (QTL) mapping and genome-wide association studies have identified major 

effect loci underlying this natural variation, with polymorphisms in photoperiod pathway genes frequently 

contributing to flowering time diversity.5 

The FRIGIDA (FRI) and FLOWERING LOCUS C (FLC) genes represent major determinants of natural 

flowering time variation, though their primary function relates to vernalization rather than photoperiod. However, 

the photoperiod pathway gene CONSTANS also exhibits functional polymorphism in natural populations. In some 

rapid-cycling accessions, CO alleles carry mutations that enhance FT activation, contributing to early flowering.28 

Additionally, variation in circadian clock genes affects photoperiod sensitivity by altering the phase of CO 

expression relative to the light-dark cycle.29 

In crop species, photoperiod sensitivity has been a major target of both conscious and unconscious 

selection during domestication and modern breeding. The expansion of crop cultivation into higher latitudes 

required modification of photoperiod responses to ensure flowering under longer summer days. In rice (Oryza 

sativa), a short-day plant, mutations in the rice ortholog of CONSTANS-like genes such as Hd1 (Heading date 1) 

reduce photoperiod sensitivity, allowing cultivation at northern latitudes where traditional varieties would remain 

vegetative.30 Similarly, in wheat and barley, allelic variation at the PHOTOPERIOD 1 (PPD1) locus, encoding a 

PRR gene, determines photoperiod sensitivity and has been crucial for spring growth habit and adaptation to 

diverse environments.31 

3. AGRICULTURAL APPLICATIONS AND CROP IMPROVEMENT 

Understanding the genetic basis of photoperiod sensitivity offers numerous opportunities for crop 

improvement and agricultural innovation. Manipulation of flowering time through modification of photoperiod 

pathway genes enables breeders to develop varieties optimized for specific geographic regions and growing 

seasons. In soybean (Glycine max), extensive work has identified numerous E genes (E1-E10) that regulate 

photoperiod sensitivity and maturity, allowing development of cultivars adapted to latitudes ranging from the 

tropics to northern temperate zones.32,33 Precise tuning of photoperiod response through allelic selection at these 

loci enables optimization of yield potential and avoidance of frost damage. 

Climate change poses significant challenges to agriculture through altered temperature regimes and 

seasonal patterns. Modification of photoperiod sensitivity can help crops maintain productivity under changing 

environmental conditions. Research has demonstrated that reducing photoperiod sensitivity through mutations in 

CO-like genes or FT regulators can enable crops to flower within a broader window of environmental conditions, 

providing a buffer against climate variability.34 However, such modifications must be carefully balanced against 

potential penalties to yield and biomass accumulation that may result from premature flowering. 

Emerging genomic technologies including gene editing via CRISPR-Cas systems offer unprecedented 

precision in modifying photoperiod pathway genes. Recent studies have successfully used targeted mutagenesis 

of PRR genes in rice and other crops to fine-tune flowering time while minimizing unintended pleiotropic 
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effects.35 Such approaches enable creation of novel allelic series that can be deployed in breeding programs to 

develop varieties with optimal flowering behavior for specific production environments. Furthermore, synthetic 

biology approaches may eventually allow construction of entirely novel photoperiod sensing circuits tailored to 

specific agricultural applications. 

4. CONCLUSION 

The genetic regulation of photoperiod sensitivity in flowering plants represents one of the best-

understood developmental timing mechanisms in biology. Decades of research, primarily using Arabidopsis as a 

model system, have revealed a sophisticated molecular network that integrates environmental light signals with 

endogenous circadian rhythms to control flowering time. The identification of key components including 

photoreceptors, clock genes, CONSTANS, and FLOWERING LOCUS T, along with detailed understanding of 

their regulatory interactions, provides a comprehensive framework for understanding photoperiodic time 

measurement. 

This mechanistic understanding has translated directly into agricultural applications. The discovery that 

natural variation in photoperiod pathway genes contributes to local adaptation has informed breeding strategies 

for optimizing flowering time in diverse crop species. Moreover, the conservation of core photoperiod signaling 

components across flowering plant species suggests that insights gained from model organisms can be effectively 

applied to crops. As climate change alters growing conditions worldwide, the ability to manipulate photoperiod 

sensitivity through both conventional breeding and biotechnological approaches will become increasingly 

valuable for maintaining agricultural productivity. 

Future research directions include deeper investigation of species-specific modifications to the core 

photoperiod pathway that generate diverse flowering responses across the plant kingdom. While the basic 

architecture of the photoperiod pathway appears conserved, variation in gene copy number, expression patterns, 

and protein-protein interactions creates a rich substrate for evolutionary diversification. Understanding how these 

variations arise and how they can be harnessed for crop improvement represents an exciting frontier in plant 

biology. Additionally, integration of photoperiod signaling with other environmental response pathways, 

particularly those involving temperature and water availability, remains incompletely understood and deserves 

further investigation to develop crops resilient to multiple environmental stresses. 

REFERENCES 

1. Garner WW, Allard HA. 1920. Effect of the relative length of day and night and other factors of the environment on growth 

and reproduction in plants. J Agric Res. 18:553–606.   
2. Thomas B, Vince-Prue D. 1997. Photoperiodism in plants. 2nd ed. San Diego (CA): Academic Press.  

3. Song YH, Shim JS, Kinmonth-Schultz HA, Imaizumi T. 2015. Photoperiodic flowering: time measurement mechanisms 

in leaves. Annu Rev Plant Biol. 66:441–464. doi:10.1146/annurev-arplant-043014-115555.  

4. Andrés F, Coupland G. 2012. The genetic basis of flowering responses to seasonal cues. Nat Rev Genet. 13(9):627–639. 
doi:10.1038/nrg3291.  

5. Brachi B, Faure N, Horton M, Flahauw E, Vazquez A, Nordborg M, Bergelson J, Cuguen J, Roux F. 2010. Linkage and 

association mapping of Arabidopsis thaliana flowering time in nature. PLoS Genet. 6(5):e1000940. 

doi:10.1371/journal.pgen.1000940.  
6. Rockwell NC, Su YS, Lagarias JC. 2006. Phytochrome structure and signaling mechanisms. Annu Rev Plant Biol. 57:837–

858. doi:10.1146/annurev.arplant.56.032604.144208. 

7. Valverde F, Mouradov A, Soppe W, Ravenscroft D, Samach A, Coupland G. 2004. Photoreceptor regulation of 

CONSTANS protein in photoperiodic flowering. Science. 303(5660):1003–1006. doi:10.1126/science.1091761. 
8. Guo H, Yang H, Mockler TC, Lin C. 1998. Regulation of flowering time by Arabidopsis photoreceptors. Science. 

279(5355):1360–1363. doi:10.1126/science.279.5355.1360. 

9. Somers DE, Schultz TF, Milnamow M, Kay SA. 2000. ZEITLUPE encodes a novel clock-associated PAS protein from 

Arabidopsis. Cell. 101(3):319–329. doi:10.1016/S0092-8674(00)80841-7. 

10. Imaizumi T, Schultz TF, Harmon FG, Ho LA, Kay SA. 2005. FKF1 F-box protein mediates cyclic degradation of a 

repressor of CONSTANS in Arabidopsis. Science. 309(5732):293–297. doi:10.1126/science.1110586. 

11. Greenham K, McClung CR. 2015. Integrating circadian dynamics with physiological processes in plants. Nat Rev Genet. 

16(10):598–610. doi:10.1038/nrg3976. 
12. Sawa M, Nusinow DA, Kay SA, Imaizumi T. 2007. FKF1 and GIGANTEA complex formation is required for day-length 

measurement in Arabidopsis. Science. 318(5848):261–265. doi:10.1126/science.1146994. 

13. Imaizumi T, Kay SA. 2006. Photoperiodic control of flowering: not only by coincidence. Trends Plant Sci. 11(11):550–

558. doi:10.1016/j.tplants.2006.09.004. 
14. Putterill J, Robson F, Lee K, Simon R, Coupland G. 1995. The CONSTANS gene of Arabidopsis promotes flowering and 

encodes a protein showing similarities to zinc finger transcription factors. Cell. 80(6):847–857. doi:10.1016/0092-

8674(95)90288-0. 
15. Robson F, Costa MM, Hepworth SR, Vizir I, Piñeiro M, Reeves PH, Putterill J, Coupland G. 2001. Functional importance 

of conserved domains in the flowering-time gene CONSTANS demonstrated by analysis of mutant alleles and transgenic 

plants. Plant J. 28(6):619–631. doi:10.1046/j.1365-313x.2001.01163.x. 

http://www.eduresearchjournal.com/index.php/ijpsrs


Photoperiod Genetics in Plants 12 

 

Volume: 2 | Issue: 3 | (Jul-Sep) – 2026 | www.eduresearchjournal.com/index.php/ijpsrs |  

16. Tiwari SB, Shen Y, Chang HC, Hou Y, Harris A, Ma SF, McPartland M, Hymus GJ, Adam L, Marion C, Belachew A, 

Repetti PP, Reuber TL, Ratcliffe OJ. 2010. The flowering time regulator CONSTANS is recruited to the FLOWERING 
LOCUS T promoter via a unique cis-element. New Phytol. 187(1):57–66. doi:10.1111/j.1469-8137.2010.03251.x. 

17. Liu LJ, Zhang YC, Li QH, Sang Y, Mao J, Lian HL, Wang L, Yang HQ. 2008. COP1-mediated ubiquitination of 

CONSTANS is implicated in cryptochrome regulation of flowering in Arabidopsis. Plant Cell. 20(2):292–306. 

doi:10.1105/tpc.107.057281. 
18. Jang S, Marchal V, Panigrahi KC, Wenkel S, Soppe W, Deng XW, Valverde F, Coupland G. 2008. Arabidopsis COP1 

shapes the temporal pattern of CO accumulation conferring a photoperiodic flowering response. EMBO J. 27(8):1277–

1288. doi:10.1038/emboj.2008.68. 

19. Endo M, Tanigawa Y, Murakami T, Araki T, Nagatani A. 2013. PHYTOCHROME-DEPENDENT LATE-FLOWERING 
accelerates flowering through physical interactions with phytochrome B and CONSTANS. Proc Natl Acad Sci USA. 

110(44):18017–18022. doi:10.1073/pnas.1310631110. 

20. Kardailsky I, Shukla VK, Ahn JH, Dagenais N, Christensen SK, Nguyen JT, Chory J, Harrison MJ, Weigel D. 1999. 

Activation tagging of the floral inducer FT. Science. 286(5446):1962–1965. doi:10.1126/science.286.5446.1962. 
21. Kobayashi Y, Kaya H, Goto K, Iwabuchi M, Araki T. 1999. A pair of related genes with antagonistic roles in mediating 

flowering signals. Science. 286(5446):1960–1962. doi:10.1126/science.286.5446.1960. 

22. Corbesier L, Vincent C, Jang S, Fornara F, Fan Q, Searle I, Giakountis A, Farrona S, Gissot L, Turnbull C, Coupland G. 

2007. FT protein movement contributes to long-distance signaling in floral induction of Arabidopsis. Science. 
316(5827):1030–1033. doi:10.1126/science.1141752. 

23. Jaeger KE, Wigge PA. 2007. FT protein acts as a long-range signal in Arabidopsis. Curr Biol. 17(12):1050–1054. 

doi:10.1016/j.cub.2007.05.008. 

24. Abe M, Kobayashi Y, Yamamoto S, Daimon Y, Yamaguchi A, Ikeda Y, Ichinoki H, Notaguchi M, Goto K, Araki T. 2005. 
FD, a bZIP protein mediating signals from the floral pathway integrator FT at the shoot apex. Science. 309(5737):1052–

1056. doi:10.1126/science.1115983. 

25. Wigge PA, Kim MC, Jaeger KE, Busch W, Schmid M, Lohmann JU, Weigel D. 2005. Integration of spatial and temporal 

information during floral induction in Arabidopsis. Science. 309(5737):1056–1059. doi:10.1126/science.1114358. 
26. Lee J, Lee I. 2010. Regulation and function of SOC1, a flowering pathway integrator. J Exp Bot. 61(9):2247–2254. 

doi:10.1093/jxb/erq098. 

27. Koornneef M, Alonso-Blanco C, Peeters AJ, Soppe W. 2004. Genetic control of flowering time in Arabidopsis. Annu Rev 

Plant Biol. 55:141–172. doi:10.1146/annurev.arplant.55.031903.141644. 
28. Hagenblad J, Nordborg M. 2002. Sequence variation and haplotype structure surrounding the flowering time locus FRI in 

Arabidopsis thaliana. Genetics. 161(1):289–298. doi:10.1093/genetics/161.1.289. 

29. Mendez-Vigo B, de Andrés MT, Ramiro M, Martínez-Zapater JM, Alonso-Blanco C. 2010. Temporal analysis of natural 

variation for the rate of leaf production and its relationship with flowering initiation in Arabidopsis thaliana. J Exp Bot. 
61(6):1611–1623. doi:10.1093/jxb/erq032. 

30. Yano M, Katayose Y, Ashikari M, Yamanouchi U, Monna L, Fuse T, Baba T, Yamamoto K, Umehara Y, Nagamura Y, 

Sasaki T. 2000. Hd1, a major photoperiod sensitivity quantitative trait locus in rice, is closely related to the Arabidopsis 

flowering time gene CONSTANS. Plant Cell. 12(12):2473–2484. doi:10.1105/tpc.12.12.2473. 
31. Beales J, Turner A, Griffiths S, Snape JW, Laurie DA. 2007. A pseudo-response regulator is misexpressed in the 

photoperiod insensitive Ppd-D1a mutant of wheat (Triticum aestivum L.). Theor Appl Genet. 115(5):721–733. 

doi:10.1007/s00122-007-0603-4. 

32. Watanabe S, Xia Z, Hideshima R, Tsubokura Y, Sato S, Yamanaka N, Takahashi R, Anai T, Tabata S, Kitamura K, Harada 
K. 2012. A map-based cloning strategy employing a residual heterozygous line reveals that the GIGANTEA gene is 

involved in soybean maturity and flowering. Genetics. 188(2):395–407.  

33. Lu S, Zhao X, Hu Y, Liu S, Nan H, Li X, Fang C, Cao D, Shi X, Kong L, Su T, Zhang F, Li S, Wang Z, Yuan X, Cober 

ER, Weller JL, Liu B, Hou X, Kong F. 2020. Natural variation at the soybean J locus improves adaptation to the tropics 
and enhances yield. Nat Genet. 52(8):773–779.  

34. Jung C, Müller AE. 2009. Flowering time control and applications in plant breeding. Trends Plant Sci. 14(10):563–573. 

doi:10.1016/j.tplants.2009.07.005. 

35. Endo M, Shimizu H, Nohales MA, Araki T, Kay SA. 2016. Tissue-specific clocks in Arabidopsis show asymmetric 
coupling. Nature. 515(7527):419–422. doi:10.1038/nature13919. 

36. Bouché F, Lobet G, Tocquin P, Périlleux C. 2016. FLOR-ID: an interactive database of flowering-time gene networks in 

Arabidopsis thaliana. Nucleic Acids Res. 44(D1):D1167–D1171. doi:10.1093/nar/gkv1054. 

 
 

 

 

http://www.eduresearchjournal.com/index.php/ijpsrs

