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Good morning, Chairwoman Plaskett, Ranking Member Dunn and members of the 
Subcommittee. I am Fred Gmitter, a professor in horticultural sciences at the 
University of Florida and I’m pleased to be here to testify on behalf of the UF 
Institute of Food and Agricultural Sciences.  
 
For more than 30 years, my major areas of study and research have been the 
genetic code of citrus trees and fruits — the genes that determine how the fruit 
tastes, smells, looks, and how the tree responds to pressures like disease and 
pests—and using that knowledge to develop improved citrus trees and fruit. I 
have no doubt that, today, plant breeding is one of the most important and 
powerful tools at our disposal to combat global challenges in agriculture and food 
production.   
Also, over those years, I have seen a dramatic increase in our knowledge of plant 
biology and genetics that enable us to better understand what makes a plant do 
what it does in response to various environmental and man-made stressors. This 
information is what has enabled us to develop new, innovative breeding tools like 
gene editing; and it is these new tools that also will enable us to capitalize on the 
tremendous investment into the knowledge base we have developed, to improve 
in ways that were just a dream when I first began to work in this field, the plants 
that serve all humanity.  
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As temperatures rise, pests and diseases evolve and spread, and natural resources 
become scarcer, we need to develop new varieties that are resilient to these 
emerging threats. This is what plant breeders have been doing for centuries: 
combining genetic knowledge with plant breeding tools to improve seeds and 
plants for better crops for the benefit of our environment, our health, and our 
food.  
 
With the rapid development of environmental threats, diseases and pests, we are 
up against the clock. Long-term, sustainable food production requires continued 
application of innovations, like gene editing, that allow us to develop more 
resilient plant varieties.  
 
An increasingly warming climate means an increase in: disease intensity, mutation 
rates, and the range of pests and diseases in areas where they formerly didn’t 
exist. In my state of Florida, the citrus industry has been devastated by citrus 
greening disease, and production has been dramatically decreased by 75% in less 
than 15 years. We are running out of time. Citrus growers need long-term, 
sustainable solutions. There is no question that plant breeding innovation holds 
the key. Using gene editing, my team and others are working right now on 
developing citrus trees that are resistant, if not immune, to citrus greening, and 
the bacteria that causes it and the insect that spreads it. Innovation is enabling us 
to potentially do in years what would previously only have been possible in 
decades, or longer. And with this rapidly moving disease, time is a luxury we don’t 
have.   
 
The University of Florida is engaged is a number of other research initiatives 
directly related to mitigating the impacts of climate change.  AgroClimate is an 
innovative web-resource for decision-support and learning, providing interactive 
tools and climate information to improve crop management decisions and reduce 
production risks associated with climate variability and change. Developed by the 
Southeast Climate Consortium, AgroClimate is a coalition of eight universities 
including: Florida State, University of Florida, University of Miami, University of 
Georgia, Auburn, North Carolina State, Clemson University and University of 
Alabama-Huntsville.  
 
The Decision Support System for Agrotechnology Transfer (DSSAT) is a software 
application program that comprises crop simulation models for over 42 crops, as 
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well as tools to facilitate effective use of the models. DSSAT and its crop 
simulation models have been used for a wide range of applications at different 
spatial and temporal scales. This includes on-farm and precision management, 
regional assessments of the impact of climate variability and climate change, 
gene-based modeling and breeding selection, water use, greenhouse gas 
emissions, and long-term sustainability through the soil organic carbon and 
nitrogen balances. And these are just a few…  
 
Outside of Florida, researchers are using cutting-edge plant breeding methods to 
develop new water-efficient varieties of crops. With 70% of the world’s 
freshwater used for agriculture, reducing the amount of water needed to grow 
food could have a significant environmental impact. In California, lettuce struggles 
in the heat.  But researchers have found a wild variety of lettuce that is capable of 
germinating at high temperatures in the Central Valley of California– a useful 
characteristic given warming global temperatures. Using gene editing they have 
shown that it is possible to develop lettuce varieties that have the same heat 
tolerance as their wild relative, with the same taste and nutritional value as the 
lettuce we enjoy today.  
 
Salinity in irrigation water is a major factor limiting the production of rice, a 
globally significant food crop. Gene editing has been used to develop rice lines 
that can be grown using saline water, with no changes to any other genes and no 
deleterious changes on any other aspects of plant yield and performance; this 
result was achieved in one year, where it could have taken a dozen years or more 
to accomplish this by conventional breeding. Work is underway to address 
drought tolerance in rice as well. With decreasing land and water resources 
available to meet the future needs of humanity, such changes become critical for 
our future. 
 
Another area where researchers are working is in food waste reduction. In 2007, 
the global carbon footprint of wasted food was 3.3 billion tons — about 7% of 
greenhouse gas emissions, according the U.N. Food and Agriculture 
Commission.  Plant breeders are using gene editing to develop new crop varieties 
specifically designed to cut the amount of food wasted. By making a small change 
to a potato’s DNA, for instance, researchers will be able to make it less likely to 
bruise and brown. The new characteristic could eliminate 1.5 billion pounds of 
wasted potatoes.  
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Innovation is also key to the ability—and in fact, the necessity--to grow more food 
on less land, using fewer inputs. For example, using gene editing, scientists can 
develop higher-yielding crop varieties – from vegetables to corn and soybeans. 
These new plant varieties could produce more food, without additional inputs. 
The result: farmers can grow more food on less land, and in many cases on lands 
once deemed marginal for food production. Potentially this can also slow the rate 
of global deforestation, and thereby put the brakes on increasing CO2 levels by 
sequestering more carbon. 
 
And speaking of carbon, researchers are even looking at solutions to develop 
plants that can reduce carbon pollution.  Naturally, plants take carbon out of the 
atmosphere and  release oxygen through photosynthesis. A key to controlling 
carbon pollution could be to train plants to suck up just a little more CO2 and 
keep it longer.  
 
Scientists at the Salk Institute in San Diego are looking to do just that, by 
engineering crops to have bigger, deeper roots made of a natural waxy substance 
called suberin—found in cork and cantaloupe rinds—which is incredibly effective 
at capturing carbon and is resistant to decomposition.  
 
The roots would store CO2, and when farmers harvest their crops in the fall, those 
deep-buried roots and the carbon they have sequestered would stay in the soil, 
potentially for hundreds of years. Thanks to innovation, we could see real-life 
climate-change-fighting plants in our future! 
 
These are just a few of the many examples of the tremendous investment by 
public and private sector plant-scientists around the world in research across a 
wide variety of crops—with groundbreaking potential. 
 
However, in order for these benefits to be fully realized, and widely adopted 
across breeding programs of all sizes and sectors, developers need clear, science-
based policy direction. This is why we appreciate the recognition of USDA, in its 
new proposed rule on agriculture innovation policy, that applications of gene 
editing can result in plant varieties that are essentially equivalent to varieties 
developed through more traditional breeding methods. And in those cases, it only 

https://www.theguardian.com/environment/2019/apr/16/super-plants-climate-change-joanne-chory-carbon-dioxide
https://www.theguardian.com/environment/2019/apr/16/super-plants-climate-change-joanne-chory-carbon-dioxide
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makes sense that they should be treated in the same way from a policy 
perspective.  
 
Historically, under the Coordinated Framework for Regulation of Biotechnology, 
USDA, FDA and EPA have each served a specific function in ensuring the health of 
our food and the environment.  We encourage the U.S. government to ensure 
alignment in risk-based policies around plant products of newer breeding 
methods across these three federal agencies. Any lack of consistency among the 
agencies will stifle research investments and activity, and prohibit widespread 
access to for public sector scientists to these evolving tools and the array of 
critical benefits they hold for society now and in the future.  
 
It’s also important that the U.S. continues to take a leadership role in driving  
consistent plant breeding policies at the global level. Late last year 13 countries, 
including the U.S., joined together in signing an International Statement on 
Agricultural Applications of Precision Biotechnology. This was a strong and 
encouraging show of support by governments around the world in recognition of 
plant breeding innovation, and the critical role that it will play in ensuring a more 
sustainable and secure global food production system.  
 
In order to maintain the United States’ position as an economic world-leader in 
innovation, it’s critical that we continue moving forward in supporting research in 
plant breeding solutions to solve our collective global challenges.  With that, I’ll be 
happy to take any questions you have. Thank you. 
 

http://links.govdelivery.com/track?type=click&enid=ZWFzPTEmbWFpbGluZ2lkPTIwMTgxMTAyLjk3MDc5NzIxJm1lc3NhZ2VpZD1NREItUFJELUJVTC0yMDE4MTEwMi45NzA3OTcyMSZkYXRhYmFzZWlkPTEwMDEmc2VyaWFsPTE4MDE4NTkyJmVtYWlsaWQ9ZWQuYy5jdXJsZXR0QGFwaGlzLnVzZGEuZ292JnVzZXJpZD1lZC5jLmN1cmxldHRAYXBoaXMudXNkYS5nb3YmZmw9JmV4dHJhPU11bHRpdmFyaWF0ZUlkPSYmJg==&&&101&&&https://docs.wto.org/dol2fe/Pages/FE_Search/DDFDocuments/249267/q/G/SPS/GEN1658R2.pdf
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objectives, along with applications of genomic science techniques, are pursued when 

information gained can contribute to increased efficiency in achievement of the 

breeding program objectives, or when the results can lead directly to cultivar 

improvements. 

 

  

Cultivar Patents:  

  

Sugar Belle® ‘LB8-9’, mandarin hybrid. First commercial marketing, 2009; patent granted 

2010. 

 ValquariusTm ‘SF14W-62’, sweet orange, 2010.  

 ValenfreshTm ‘N7-3’, sweet orange, 2010. 

 ‘UF 950’, mandarin hybrid, 2013. 

‘UF 914’, a grapefruit hybrid free of the compounds responsible for the “grapefruit juice 

effect”, 2015. 

‘Bingo’, mandarin hybrid that is very early maturing, completely seedless, and easy to peel, 

2017. 

’11-1-24’, sweet orange, a low seeded, midseason sweet orange, 2017.  

 

Publications: 

 

Book Chapters (last 6 years) 

 

Chen, C., A. R. Lo Piero, and F. Gmitter Jr. Pigments in citrus. In: Pigments in 

Fruits and Vegetables; Genomics and Dietetics. Chen, C. (Ed.). Springer, New 

York. 2015, pp. 165-187.   

 

Omar, A. A., Dutt, M., Gmitter, F. G., and Grosser, J. W. Somatic 

embryogenesis: still a relevant technique in citrus improvement. In: In Vitro 

Embryogenesis in Higher Plants, Methods in Molecular Biology. Germana, M. A. 

and Lambardi, M. (Eds.). Springer, New York. 2016, pp. 289-327.  

 

Refereed Journal (last 6 years)  

 

Aritua, V., Achor, D., Gmitter, F. G., Albrigo, G., Wang, N.  Transcriptional and 

microscopic analyses of citrus stem and root responses to Candidatus Liberibacter 

asiaticus infection. PLoS ONE, 2013, 8(9): e73742, DOI: 

10.1371/journal.pone.0073742.  

 

Cancalon, P.F. and Gmitter Jr., F.G.  New grapefruit and pummelo cultivars 

with very low furanocoumarin contents are good candidates to provide a solution 

to the drug interaction problem. Fruit Processing, 2013, 23:126-129. 
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Chen, C. and Gmitter Jr., F. G.  Mining of haplotype-based expressed sequence 

tag single nucleotide polymorphisms in citrus. BMC Genomics, 2013, 14:746. 

DOI:10.1186/1471-2164-14-746. 

 

Fan, J., Chen, C., Achor, D.S., Brlansky, R.H., Li, Z-G., and Gmitter Jr., F.G. 

Differential anatomical responses of tolerant and susceptible citrus species to the 

infection of ‘Candidatus Liberibacter asiaticus’. Physiological and Molecular 

Plant Pathology, 2013, 83:69-74.DOI:10.1016/j.pmpp.2013.05.002  

 

Germana, M. A., Aleza, P., Carrera, E., Chen, C., Chiancone, B., Constantino, G., 

Dambier, D., Deng, X., Federici, C. T., Froehlicher, Y., Guo, W., Ibanez, V., 

Juarez, J., Kwok, K., Luro, F., Machado, M. A., Naranjo, M., A., Navarro, L., 

Ollitrault, P., Rios, G., Roose, M. L., Talon, M., Xu, Q., and Gmitter, F. G. 

Cytological and molecular characterization of three gametoclones of Citrus 

clementina. BMC Plant Biology, 2013, 13:129. DOI:10.1186/1471-2229-13-129. 

 

Shen, X., Orbovic, V., Dutt, M., Castle, W. S., and Gmitter Jr., F. G. Direct shoot 

organogenesis in Murraya paniculata (L.) Jack: A prerequisite for genetic 

transformation. HortScience, 2013, 48:938-941. 

 

Chen, C., Bock, C. H., Okie, W. R., Gmitter Jr., F. G., Jung, S., Main, D., 

Beckman, T. G., and Wood, B. W. Genome-wide characterization and selection of 

expressed sequence tag simple sequence repeat primers for optimized marker 

distribution and reliability in peach. Tree Genetics and Genomes, 2014, 

10.1007/s11295-014-0759-4.   

 

Favaro, M. A., Micheloud, N. G., Roeschlin, R. A., Chiesa, M. A., Castagnaro, A. 

P., Vojnov, A. A., Gmitter Jr., F. G., Gadea, J., Rista, L. M., Gariglio, N. F., and 

Marano, M. R. Surface barriers of mandarin cv. ‘Okitsu’ leaves make a major 

contribution to canker disease resistance. Phytopathology, 2014, 104:970-

976.http://dx.doi.org/10.1094/PHYTO-10-13-0277-R.   

 

Wei, X., Chen, C., Yu, Q., Gady, A., Yu, Y., Liang, G., and Gmitter Jr., F. G. 

Novel expression patterns of carotenoid pathway-related genes in citrus leaves 

and fruits. Tree Genetics and Genomes, 2014, 10:439-448. 10.1007/s11295-013-

0688-7. 

 

Wei, X., Chen, C., Yu, Q., Gady, A., Yu, Y., Liang, G., and Gmitter Jr., F. G.  

Comparison of carotenoid accumulation and biosynthetic gene expression 

between Valencia and Rohde Red Valencia sweet oranges. Plant Science, 2014, 

227:28-36. DOI: 10.1016/j.plantsci.2014.06.016.  

 

Wu, G. A., Prochnik, S., Jemkins, J., Salse, J., Hellsten, U., Murat, F., Perrier, X., 

Ruiz, M., Scalabrin, S., Terol, J., Takita, M.A., Labadie, K., Poulain, J., Jabbari, 

K., Cattonaro, F., Del Fabbro, C., Pinosio, S., Zuccolo, A., Chapman, J., 
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Grimwood, J., Tadeo, F. R., Estornell, L. H., Muñoz-Sanoz, J. V., Ibanez, V., 

Herrero-Ortega, A., Aleza, P., Pérez-Pérez J., Ramón, D., Brunel, D., Luro, F., 

Chen, C., Farmerie, W. G., Desany, B., Kodira, C., Mohiuddin, M., Harkins, T., 

Fredrikson, K., Burns, P., Lomsadze, A., Borodovsky, M., Reforgiato, G., Freitas-

Astúa, J., Quetier, F., Navarro, L., Roose, M., Wincker, P., Schmutz, J., 

Morgante, M., Machado, M. A., Talon, M., Jaillon, O., Ollitrault, P., Gmitter, F., 

and Rokhsar, D.  Sequencing of diverse mandarin, pummelo and orange 

genomes reveals complex history of admixture during citrus domestication. 

Nature Biotechnology, 2014, 32:656-662. doi:10.1038/nbt.2906. 

 

Chen, C., Yu, Q., Wei, X., Cancalon, P. F., and Gmitter Jr., F. G. Identification 

of genes associated with low furanocoumarin content in grapefruit. Genome, 

2015, 10:537-545. 1139/gen-2014-0164.  

 

de Paula Santos Martins, C., Pedrosa, A. M., Du, D., Goncalves, L. P., Yu, Q., 

Gmitter Jr., F. G., and Costa, M. G. C. Genome-wide characterization and 

expression analysis of major intrinsic proteins during abiotic and biotic stresses in 

sweet orange (Citrus sinensis L. Osb.). PLoS ONE, 2015, 10(9): e0138786. 

doi:10.1371/journal.pone.0138786. 

 

Du, D., Rawat, N., Deng, Z., and Gmitter Jr., F. G. Construction of citrus gene 

coexpression networks from microarray data using random matrix theory. 

Horticulture Research, 2015, 2. doi:10.1038/hortres.2015.26. 

 

Rawat, N., Kiran, S. P., Du, D., Gmitter Jr., F. G., and Deng, Z. Comprehensive 

meta-analysis, co-expression, and miRNA nested network analysis identifies gene 

candidates in citrus against Huanglongbing disease. BMC Plant Biology, 2015, 

DOI 10.1186/s12870-015-0568-4. 

 

Satpute, A. D., Chen, C., Gmitter Jr., F. G., Ling, P., Yu, Q., Grosser, M. R., and 

Grosser, J. W. Cybridization of grapefruit with ‘Dancy’ mandarin leads to 

improved fruit characteristics. J. Amer. Soc. Hort. Sci., 2015, 140:427-435. 

 

Yu, Q., Plotto, A., Baldwin, E. A., Bai, J., Huang, M., Yu, Y., Dhaliwal, H. S., 

and Gmitter, F. G. Proteomic and metabolomic analyses provide insight into 

production of volatile and non-volatile flavor components in mandarin hybrid 

fruit. BMC Plant Biology, 2015, 15:76. doi:10.1186.s12870-015-0466-9. 

 

Chen, X., Gao, Z., House, L., Ge, J., Zong, C. and Gmitter, F. Opportunities for 

western food products in China: the case of orange juice demand. Agribusiness, 

2016, DOI: 10.1002/agr.21453. 

 

Yu, Y., Chen, C., and Gmitter Jr., F. G. QTL mapping of mandarin (Citrus 

reticulata) fruit characters using high-throughput SNP markers. Tree Genetics and 

Genomes, 2016, 12:77, DOI 10.1007/s11295-016-1034-7. 
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Stover, E. W., Kahn, T., Roose, M., Siebert, T., Vidalakis, G., Krueger, R., 

Gmitter, F., and Grosser, J. Citrus. In: Register of New Fruit and Nut Cultivars 

List 48. Eds: Gasic, K, Preece, J. E., and Karp, D., HortScience, 2016, 51:620-

652.  

 

Ferrarezi, R. S., Wright, A. L., Bowman, B. J., Schumann, A. W., Gmitter, F. G., 

and Grosser, J. W. Protected fresh grapefruit cultivation systems: Antipsyllid 

screen effects on plant growth and leaf transpiration, vapor pressure deficit, and 

nutrition. HortTechnology, 2017, 27:666-674 doi:10.21273/HORTTECH03789-

17. 

 

Ferrarezi, R. S., Wright, A. L., Bowman, B. J., Schumann, A. W., Gmitter, F. G., 

and Grosser, J. W. Protected fresh grapefruit cultivation systems: Antipsyllid 

screen effects on environmental variables inside closures. HortTechnology, 2017; 

27:675-681 doi:10.21273/HORTTECH03790-17. 

 

Huang, M., Valim, M. F., Feng, S., Reuss, L., Yao, L., Gmitter, F., and Wang, Y. 

Characterization of the major aroma-active compounds in peel oil of an HLB-

tolerant mandarin hybrid using aroma extraction dilution analysis and gas 

chromatography-mass spectrometry/olfactometry. Chemosensory Perception, 

2017, doi 10.1007/s12078-017-9221-y.  

 

Kawaguchi-Suzuki, M., Nasiri-Kenari, N., Shuster, J., Gmitter Jr., F. G., 

Cancalon, P., de Oliviera, F., Kight, J., Handberg, E. M., Pepine, C. J., Frye, R. 

F., and Cooper-Dehoff, R. Effect of low-furanocoumarin hybrid grapefruit juice 

consumption on midazolam pharmacokinetics. The Journal of Clinical 

Pharmacology, 2017, 57:305-311 doi: 10.1002/jcph.807.  

 

Killiny, N., Valim, M. F., Jones, S. E., Omar, A. A., Hijaz, F., Gmitter Jr., F. G., 

and Grosser, J. W. Metabolically speaking: Possible reasons behind the tolerance 

of ‘Sugar Belle’ mandarin hybrid to huanglongbing. Plant Physiology and 

Biochemistry, 2017, 116:36-47, doi: 10.1016/j.plaphy.2017.05.001. 

 

Omar, A. A., Murata, M., Yu, Q., Gmitter Jr., F. G., Chase, C. D., Graham, J. H. 

and Grosser, J. W. Production of three new grapefruit cybrids with potential for 

improved citrus canker resistance. In Vitro Cell. Dev. Biol.-Plant, 2017, doi: 

10.1007/s11627-017-9816-7. 

 

Rawat, N, Kumar, B., Albrecht, U., Du, D., Huang, M., Yu, Q., Zhang, Y.,  Duan, 

Y-P., Bowman, K.D., Gmitter Jr., F.G., and Deng, Z.  Genome  resequencing  and  

transcriptome  profiling  reveal  structural  diversity  and  expression  patterns  of  

constitutive  disease  resistance  (CDR)  genes  in  Huanglongbing-tolerant  

Poncirus trifoliata  and  its  hybrids.  Horticulture Research  4, 2017,  

doi:10.1038/hortres.2017.64.   
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Wei, X., Hu, H., Tong, H., and Gmitter Jr., F. G. Profiles of gene family 

members related to carotenoid accumulation in Citrus genus. Journal of Plant 

Biology, 2017, 60:1-10. doi 10.1077/s12374-016-0902-x. 

 

Yu, Q., Chen, C., Du, D., Huang, M., Yao, J., Yu, F., Brlansky, R. H., and 

Gmitter Jr., F. G. Reprogramming of a defense signaling pathway in rough 
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Yu, Y., Bai, J., Chen, C., Plotto, A., Baldwin, E. A., and Gmitter, F. G. 

Comparative analysis of juice volatiles in selected mandarins, mandarin relatives 
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Yu, Y., Bai, J., Chen, C., Plotto, A., Baldwin, E. A., and Gmitter Jr., F. G. 

Identification of QTLs controlling aroma volatiles using a ‘Fortune’ x ‘Murcott’ 
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Chen, L., Li, W., Katin-Grazzini, L., Ding, J., Gu, X., Li, Y., Gu, T., Wang, R., 

Lin, X., Deng, Z., McAvoy, R. J., Gmitter, F. G., Deng, Z., Zhao, Y., and Li, Y. 

A method for the production and expedient screening of CRISPR/Cas9-mediated 

non-transgenic mutant plants. Horticulture Research, 2018, 5:13, doi 
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Du, D., Du, X., Mattia, M. R., Wang, Y., Yu, Q., Huang, M., Yu, Y., Grosser, J. 

W., and Gmitter Jr., F. G. LTR retrotransposons from the Citrus x clementina 
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Feng, S., Suh, J. H., Gmitter, F. G., and Wang, Y. Differentiation between flavors 
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associated with Huanglongbing tolerance in citrus. Frontiers in Plant Science, 

2018, https://doi.org/10.3389/fpls.2018.01694.   

 

Suh, J. H., Niu, Y. S., Wang, Z., Gmitter, F. G., and Wang, Y. Metabolic analysis 
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