
Methods Table 1: Current Active CRIS Projects Utilizing Plant Genetic Resources: 
 

 
 
 

North Central 
Region State AFRI

Evans-
Allen Hatch

McIntire-
Stennis NRI Other

Small 
Business

Special 
Grant State

USDA 
Contract

USDA Coop 
Agreement

USDA 
Inhouse Total

Illinois 19 0 23 1 5 11 2 0 0 1 15 15 92
Indiana 11 0 20 0 0 6 1 0 0 0 12 3 53
Iowa 20 0 19 0 3 10 1 0 1 0 13 36 103
Kansas 9 0 15 0 0 7 0 0 1 0 7 10 49
Michigan 9 0 46 0 0 6 1 1 0 1 6 3 73
Minnesota 8 0 24 0 2 17 0 0 20 2 6 16 95
Missouri 12 2 7 0 0 8 2 0 0 1 18 16 66
Nebraska 9 0 11 2 0 4 1 0 0 2 15 13 57
North Dakota 2 0 14 0 0 4 1 0 13 2 8 13 57
Ohio 2 0 13 0 0 9 1 1 2 1 23 23 75
South Dakota 6 0 21 0 1 4 1 2 5 1 2 9 52
Wisconsin 7 0 18 0 1 7 1 0 0 0 17 20 71
Totals 114 2 231 3 12 93 12 4 42 11 142 177 843



Appendix Table 1:  Abbreviations and Definitions: 
 
AES  Agricultural Experiment Station 
ARS  Agricultural Research Service 
AFLP  Amplified Fragment Linked Polymorphism 
CALS  College of Agriculture and Life Sciences 
CGC  Crop Germplasm Committee 
CRIS  Current Research Information System 
CSR  Crop Science Registration 
CuGenDB Cucurbit Genomics Database 
DH  Double haploid 
DNA  Dioxyribonucleic Acid 
GBS  Genotyping by Sequencing 
GEM  Germplasm Enhancement of Maize 
GG  GRIN-Global 
GRIN  Germplasm Research Information Network 
GUI  Graphic User Interface 
GWAS  Genome Wide Association Study 
G x E  Genotype by Environment Interaction 
ISU  Iowa State University 
ITPGRFA International Treaty for Plant Genetic Resources for Food and Agriculture 
MGI  Maturity Group I 
MSU  Michigan State University 
NCR  North Central Region 
NCRPIS North Central Regional Plant Introduction Station 
NDSU  North Dakota State University 
NIMSS National Information Management and Support System  
NLGRP National Laboratory for Genetic Resource Preservation 
NPGS  National Plant Germplasm System  
OPGC  Ornamental Plant Germplasm Center 
PCR  Polymerase chain reaction 
PGR  Plant Genetic Resources, also for accessions or germplasm 
PI  Principal Investigator 
PIRU  Plant Introduction Research Unit 
PVP  Plant Variety Protection 
QTL  Quantitative Trait Locus 
RH  Relative Humidity 
RTAC  Regional Technical Advisory Committee 
SA  Shoot Architecture 
SCMV  Sugarcane Mosaic Virus 
SNP  Single Nucleotide Polymorphism 
U.S.  United States 
USDA  U.S. Department of Agriculture 
 



          Appendix Table 2: International Origins of NC-007 Accessions 

 



   Appendix Table 3: U.S. National Plant Germplasm System Collection Holdings - By Site 

 



                                           Appendix Table 4: Distributions of NC-007 and NPGS Germplasm, by U.S. Region 

 



  Appendix Table 5: Distributions from U.S. National Plant Germplasm Sites, 2012-2021 
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Connecticut  

Apicella P, Gardner JA, Mahoney J, Brand M. 2018. Diversity of Fruit Quality Traits in Aronia. 
Hort Science 53(9):S388-S388.  

Brand MH, Connolly BA, Levine LH, Richards JT, Shine SM, Spencer LE. 2017. Anthocyanins, 
total phenolics, ORAC and moisture content of wild and cultivated dark-fruited Aronia species. 
Scientia Horticulturae 224:332-42. https://doi.org/10.1016/j.scienta.2017.06.021 

Hoke O, Campbell B, Brand M, Hau T. 2017. Impact of information on northeastern US 
consumer willingness to pay for aronia berries. HortScience 52(3):395-400. 
https://doi.org/10.21273/HORTSCI11376-16 

Mahoney JD, Hau TM, Connolly BA, Brand MH. 2019. Sexual and apomictic seed reproduction 
in Aronia species with different ploidy levels. HortScience 54(4):642-6. 
https://doi.org/10.21273/HORTSCI13772-18 

Obae SG, Brand MH, Connolly BA, Beasley RR, Lance SL. 2017. Microsatellite Markers for 
Aronia melanocarpa (Black Chokeberry) and Their Transferability to Other Aronia Species. 
HortScience 52(1):20-3. https://doi.org/10.21273/HORTSCI11276-16 

Hawaii 

Liu J, Seetharam AS, Chougule K, Ou S, Swentowsky KW, Gent JI, Llaca V, Woodhouse MR, 
Manchanda N, Presting GG, Kudrna DA. 2020. Gapless assembly of maize chromosomes using 
long-read technologies. Genome biology 21:1-7. https://doi.org/10.1186/s13059-020-02029-9  

Presting GG. 2018. Centromeric retrotransposons and centromere function. Current opinion in 
genetics & development 49:79-84. https://doi.org/10.1016/j.gde.2018.03.004 

Schneider KL, Xie Z, Wolfgruber TK, Presting GG. 2016.  Inbreeding drives maize centromere 
evolution. Proceedings of the National Academy of Sciences 113(8):E987-96. 
https://doi.org/10.1073/pnas.1522008113 

Illinois 

Becker TM, Jeffery EH, and Juvik JA. 2016. Proposed Method for Estimating Health-Promoting 
Glucosinolates and Hydrolysis Products in Broccoli (Brassica oleracea var. italica) Using 
Relative Transcript Abundance. J. Agric. & Food Chem., 
https://doi.org/10.1021/acs.jafc.6b04668  

Becker TM and Juvik JA. 2016. The Role of Glucosinolate Hydrolysis Products from Brassica 
Vegetable Consumption in Inducing Antioxidant Activity and Reducing Cancer Incidence. 
Diseases 4. 22; https://doi.org/10.3390/diseases4020022  

Chatham LA, Howard JE, and Juvik JA. 2020. A natural colorant system from corn: Flavone-
anthocyanin copigmentation for altered hues and improved shelf life. Food chemistry. 
310:125734. https://doi.org/10.1016/j.foodchem.2019.125734 
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Chatham LA and Juvik JA. 2021. Linking anthocyanin diversity, hue, and genetics for 
breeding natural pigments from purple corn with expanded color ranges and stability. G3 
Genes|Genomes|Genetics. 11(2): jkaa062. https://doi.org/10.1093/g3journal/jkaa062 

Chatham LA, Paulsmeyer M, and Juvik JA. 2019. Prospects for economical natural colorants: 
insights from maize. Theor Appl Genet 132:2927–2946. https://doi.org/10.1007/s00122-019-
03414-0  

Chatham LA, West L, Berhow MA, Vermillion KE, and Juvik JA. 2018. Unique Flavanol-
Anthocyanin Condensed Forms in Apache Red Purple Corn. J. Agric. & Food Chem. 
66:10844−10854. https://doi.org/10.1021/acs.jafc.8b04723 

Dong H, Clark LV, Jin X, Anzoua K, Bagmet L, Chebukin P, Dzyubenko E, Dzyubenko N, 
Ghimire BK, Heo K, and Johnson DA. 2021. Managing flowering time in Miscanthus and 
sugarcane to facilitate intra-and intergeneric crosses. Plos one. 16(1):e0240390. 
https://doi.org/10.1371/journal.pone.0240390 

Dong H, Liu S, Clark LV, Sharma S, Gifford JM, Juvik JA, Lipka AE, and Sacks EJ. 2018. 
Genetic mapping of biomass yield in three interconnected Miscanthus populations. GCB 
Bioenergy 10(3):165-85. https://doi.org/10.1111/gcbb.12472 

Fabio ES, Volk TA, Miller RO, Serapiglia MJ, Kemanian AR, Montes F, Kuzovkina YA, Kling 
GJ, and Smart LB. 2017. Contributions of environment and genotype to variation in shrub 
willow biomass composition. Industrial Crops and Products 108:149-61. 
https://doi.org/10.1016/j.indcrop.2017.06.030 

Fuzawa M, Ku KM, Palma-Salgado S, Nagasaka D, Feng H, Juvik JA, Sano D, Shisler J, and 
Nguyen T. 2016. Effect of Leaf Surface Chemical Properties on the Efficacy of Sanitizer for 
Rotavirus Inactivation. Applied and Environmental Microbiology 82:6214–6222. 
https://doi.org/10.1128/AEM.01778-16  

Fuzawa M, Smith RL, Ku KM, Shisler JL, Feng H, Juvik JA, and Nguyen TH. 2019. Roles of 
Vegetable Surface Properties and Sanitizer Type on Annual Disease Burden of Rotavirus Illness 
by Consumption of Rotavirus-Contaminated Fresh Vegetables: A Quantitative Microbial Risk 
Assessment. Risk Analysis: https://doi.org/10.1111/risa.13426  

Gardner AM, Brown AF, Juvik JA. 2016. QTL analysis for the identification of candidate genes 
controlling phenolic compound accumulation in broccoli (Brassica oleracea L. var. italica). 
Molecular Breeding, 36:81. https://doi.org/10.1007/s11032-016-0497-4  

Ghimire BK, Sacks EJ, Kim SH, Yu CY, Chung IM. 2021. Profiling of Phenolic Compounds 
Composition, Morphological Traits and Antioxidant Activity of Miscanthus sacchariflorus L. 
Accessions. Agronomy 11(2):243. https://doi.org/10.3390/agronomy11020243 

Guo Z, Xu M, Nagano H, Clark LV, Sacks EJ, Yamada T. 2021. Characterization of the Ghd8 
Flowering Time Gene in a Mini-Core Collection of Miscanthus sinensis. Genes 12(2):288. 
https://doi.org/10.3390/genes12020288 

Ku KM, Becker TM, and Juvik JA. 2016. Transcriptome and Metabolome Analyses of 
Glucosinolates in Two Broccoli Cultivars Following Jasmonate Treatment for the Induction of 

https://doi.org/10.1007/s00122-019-03414-0
https://doi.org/10.1007/s00122-019-03414-0
https://doi.org/10.1007/s00122-019-03414-0
https://doi.org/10.1021/acs.jafc.8b04723
https://doi.org/10.1371/journal.pone.0240390
https://doi.org/10.1111/gcbb.12472
https://doi.org/10.1016/j.indcrop.2017.06.030
https://doi.org/10.1128/AEM.01778-16
https://doi.org/10.1111/risa.13426
https://doi.org/10.1007/s11032-016-0497-4
https://doi.org/10.3390/agronomy11020243
https://doi.org/10.3390/genes12020288


Appendix Table 6. NC-007 Participant Publications for Project Period to Date 
 

3 
 

Glucosinolate Defense to Trichoplusia ni (Hübner). Int. J. Mol. Sci. 17:1135. 
https://doi.org/10.3390/ijms17071135 

Ku KM, Kim MJ, Jeffery EH, Kang YH, and Juvik JA. 2016. Profiles of Glucosinolates, their 
Hydrolysis Products, and Quinone Reductase Inducing Activity from 39 Arugula (Eruca sativa 
Mill.) Accessions. J. Agric. & Food Chem. https://doi.org/10.1021/acs.jafc.6b02750 

Lee JS, Ku KM, Becker TM, and Juvik JA. 2017. Chemopreventive glucosinolate accumulation 
in various broccoli and collard tissues: microfluidic-based targeted transcriptomics for by-
product valorization. PLoS ONE  https://doi.org/10.1371/journal.pone.0185112  

Li S, Moller CA, Mitchell NG, Lee D, Ainsworth EA. 2021. Bioenergy sorghum maintains 
photosynthetic capacity in elevated ozone concentrations. Plant, cell & environment 44(3):729-
46. https://doi.org/10.1111/pce.13962  

Lim SH, Yook MJ, Song JS, Kim JW, Zhang CJ, Kim DG, Park YH, Lee D, Kim DS. 2021. 
Diversity in Phenological and Agronomic Traits of Miscanthus sinensis Collected in Korea and 
Eastern Asia. Agronomy 11(5):900. https://doi.org/10.3390/agronomy11050900 

Luna-Vital DA, Chatham L, Juvik JA, Singh V, Somavat P, and Gonzalez de Mejia E. 2019. 
Activating Effects of Phenolics from Apache Red Zea mays L. on Free Fatty-Acid Receptor-1 
and Glucokinase Evaluated with a Dual Culture System with Epithelial, Pancreatic and Liver 
Cells. Journal of Agricultural and Food Chemistry: https://doi.org/10.1021/acs.jafc.8b06642  

Mitros T, Session AM, James BT, Wu GA, Belaffif MB, Clark LV, Shu S, Dong H, Barling A, 
Holmes JR, Mattick JE. 2020. Genome biology of the paleotetraploid perennial biomass crop 
Miscanthus. Nature communications 11(1):1-1. https://doi.org/10.1038/s41467-020-18923-6  

Paulsmeyer MN, Brown PJ, and Juvik JA. 2018. Discovery of Anthocyanin Acyltransferase1 
(AAT1) in Maize Using Genotyping-by-Sequencing(GBS). G3: Genes, Genomes, Genetics: 
8(11):3669-3678. https://doi.org/10.1534/g3.118.200630. 

Paulsmeyer M, Chatham L, Becker T, West M, West L, Juvik J. 2017. Survey of Anthocyanin 
Composition and Concentration in Diverse Maize Germplasms. Journal of Agricultural and Food 
Chemistry 65(21):4341-50. https://doi.org/10.1021/acs.jafc.7b00771  

Sacks EJ. Multiple genomes give switchgrass an advantage. 2021. Nature 590:394-395. 
https://www.nature.com/articles/d41586-021-00212-x   

Schetter A, Lin CH, Zumpf C, Jang C, Hoffmann L, Rooney W, Lee DK. 2021. Genotype-
Environment-Management Interactions in Biomass Yield and Feedstock Composition of 
Photoperiod-Sensitive Energy Sorghum. BioEnergy Research 26:1-6. 
https://doi.org/10.1007/s12155-021-10272-6  

Sharma N, Reinke R, Sacks EJ. 2021. Comparison of Methods to Evaluate Rice (Oryza sativa) 
Germplasm for Tolerance to Low Temperature at the Seedling Stage. Agronomy 11(2):385. 
https://doi.org/10.3390/agronomy11020385  

Zhang Q, de Mejia EG, Luna-Vital D, Tao T, Chandrasekaran S, Chatham L, Juvik J, Singh V, 
Kumar D. 2019. Relationship of phenolic composition of selected purple maize (Zea mays L.) 
genotypes with their anti-inflammatory, anti-adipogenic and anti-diabetic potential. Food 
chemistry 15;289:739-50. https://doi.org/10.1016/j.foodchem.2019.03.116 
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Indiana 

Abdelrazek S, Choudhari S, Thimmapuram Y, Simon P, Colley M, Mengiste T, Hoagland, L, 
2020. Changes in the core endophytic mycobiome of carrot taproots in response to crop 
management and genotype. Scientific Reports http://doi.org/10.1038/s41598-020-70683-x  
 
Abdelrazek S, Simon P, Colley M, Mengiste T, Hoagland L, 2020. Crop management system 
and carrot genotype affect endophyte composition and Alternaria dauci suppression. PLOSOne  
https://doi.org/10.1371/journal.pone.0233783 
 

Angira B, Addison CK, Cerioli T, Rebong DB, Wang DR, Pumplin N, Ham JH, Oard JH, 
Linscombe SD, Famoso AN. Haplotype characterization of the sd1 Semidwarf gene in United 
States Rice. 2019. The Plant Genome 12(3):190010. 
https://doi.org/10.3835/plantgenome2019.02.0010 

Jaiswal AK, Mengiste TD, Myers JR, Egel DS, Hoagland LA. 2020. Tomato Domestication 
Attenuated Responsiveness to a Beneficial Soil Microbe for Plant Growth Promotion and 
Induction of Systemic Resistance to Foliar Pathogens. Front. Microbiol. 11:604566. 
https://doi.org/10.3389/fmicb.2020.604566 

Kuroha T, Nagai K, Gamuyao R, Wang DR, Furuta T, Nakamori M, Kitaoka T, Adachi K, 
Minami A, Mori Y, Mashiguchi K. 2018. Ethylene-gibberellin signaling underlies adaptation of 
rice to periodic flooding. Science 361(6398):181-6. https://doi.org/10.1126/science.aat1577    

Mackay DS, Savoy PR, Grossiord C, Tai X, Pleban JR, Wang DR, McDowell NG, Adams HD, 
Sperry JS. 2019. Conifers depend on established roots during drought: results from a coupled 
model of carbon allocation and hydraulics. New Phytologist 225(2):679-92. 
https://doi.org/10.1111/nph.16043 

Morales KY, Singh N, Perez FA, Ignacio JC, Thapa R, Arbelaez JD, Tabien RE, Famoso A, 
Wang DR, Septiningsih EM, Shi Y, Kretzschmar T, McCouch SR, Thomson MJ. 2020. An 
improved 7K SNP  array, the C7AIR, provides a wealth of validated SNP markers for rice 
breeding and genetics studies.  PLoS ONE 15(5): e0232479. 
https://doi.org/10.1371/journal.pone.0232479 

Reeve JR, Hoagland LA, Villalba JJ, Carr PM, Atucha A, Cambardella C, Davis DR, Delate K. 
2016. 
Chapter Six - Organic Farming, Soil Health, and Food Quality: Considering Possible Links, 
Editor(s): Donald L. Sparks, Advances in Agronomy, Academic Press 137:319-367. 
https://doi.org/10.1016/bs.agron.2015.12.003 
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591:537-538  https://doi.org/10.1038/d41586-021-00589-9 
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Wang DR, Venturas MD, Mackay DS, Hunsaker DJ, Thorp KR, Gore MA, Pauli D. 2020. Use 
of hydraulic traits for modeling genotype‐specific acclimation in cotton under drought. New 
Phytologist 228(3):898-909. https://doi.org/10.1111/nph.16751 

Yang K, Li CY, An JP, Wang DR, Wang X, Wang CK, You CX. 2021. The C2H2-type zinc 
finger transcription factor MdZAT10 negatively regulates drought tolerance in apple. Plant 
Physiology and Biochemistry 167:390-9.  https://doi.org/10.1016/j.plaphy.2021.08.014 

Iowa 
 
Cropano C, Place I, Manzanares C, Do Canto J, Lübberstedt T, Studer B, Thorogood D. 
Characterisation and practical use of self-compatibility in outcrossing grass species. 2021. 
Annals of Botany 127:841-852. https://doi.org/10.1093/aob/mcab043  
 
Cropano C, Manzanares C, Yates S, Copetti D, Do Canto J, Lübberstedt T, Koch M, Studer B. 
2021. Identification of candidate genes for self-compatibility in perennial ryegrass (Lolium 
perenne L.) bioRxiv 2021.03.29.437398; doi: https://doi.org/10.1101/2021.03.29.437398   

Cropano, C., Manzanares, C., Yates, S., Copetti, D., Do Canto, J., Lübberstedt, T., Koch, M., 
Studer, B. 2021. High resolution fine mapping and discovery of candidate genes for self-
compatibility in perennial ryegrass (Lolium perenne L.). Frontiers in Plant Sci. 12, 707901. 
https://doi.org/10.3389/fpls.2021.707901 

Cropano, C., Place, I., Manzanares, C., Do Canto, J., Lübberstedt, T., Studer, B., Thorogood, D. 
2021. Unlocking the potential of self-compatibility in outcrossing grasses. Annals of Botany 127: 
841–852 https://doi.org/10.1093/aob/mcab043 

Hou F, Zhou X, Liu P, Yuan G, Zou C, Lübberstedt T, Pan G, Ma L, Shen Y. 2021. Genetic 
dissection of maize seedling traits in an IBM Syn10 DH population under the combined stress of 
lead and cadmium. Mol Genet Genomics 296, 1057–1070. https://doi.org/10.1007/s00438-021-
01800-2 

Hufford MB, Seetharam AS, Woodhouse MR, Chougule KM, Ou S, Liu J, Ricci WA, Guo T, 
Olson A, Qiu Y, Della Coletta R, Tittes S, Hudwon AI, Marant AP, Wei S, Lu Z, Wang B, Tello-
Ruiz MK, Piri RD, Wang N, Kim Dw, Zeng Y, O’Connor CH, Li X, Gilbert AM, Baggs E, 
Krasileva KV, Portwood JL, Cannon EKS, Andorf CM, Manchanda N, Snodgrass SJ, Hufnagel 
DE, Jiang Q, Pedersen S, Syring ML, Kudrna DA, Llaca V, Fengler K, Schmitz RJ, Ross-Ibarra 
J, Yu J, Gent JI, Hirsch CN, Ware D, Dawe RK.  2021. De novo assembly, annotation, and 
comparative analysis of 26 diverse maize genomes. Science. 373:655-662. 
https://doi.org/10.1126/science.abg5289 

Li X, Guo T, Wang J, Bekele WA, Sukumaran S, Vanous AE, McNellie JP, Cortes LT, Lopes 
MS, Lamkey KR, Westgate ME. 2021. An integrated framework reinstating the environmental 
dimension for GWAS and genomic selection in crops. Molecular Plant. 7;14(6):874-87. 
https://doi.org/10.1016/j.molp.2021.03.010 

Ma L, Zhang M, Chen J, Qing C, He S, Zou C, Yuan G, Yang C, Peng H, Pan G, Lübberstedt T. 
2021. GWAS and WGCNA uncover hub genes controlling salt tolerance in maize (Zea mays L.) 
seedlings. Theoretical and Applied Genetics 134(10):3305-18. https://doi.org/10.1007/s00122-
021-03897-w   
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Muhammad-Aboobucker, S., Showman, L., Lübberstedt, T., Suza, W.P. 2021. Functional 
characterization of a maize sterol c-22 desaturase (ZmCYP710A) involved in stigmasterol 
biosynthesis and its role in drought tolerance. Frontiers in Plant Sci. 12:732216 
https://doi.org/10.3389/fpls.2021.732216 

Muhammad-Aboobucker, S., Jubery, Z., Frei, U.K., Foster, T., Chen, Y.-R., 
Ganapathysubramanian, B., Lübberstedt, T. 2021. Protocols for in vivo doubled haploid (DH) 
technology in maize breeding: From haploid inducer to haploid genome doubling. Methods 
Molecular Biology (in press) 

Sukto S, Lomthaisong K, Sanitchon J, Chankaew S, Falab S, Lübberstedt T, Lertrat K, Suriharn 
K. 2021. Breeding for Prolificacy, Total Carotenoids and Resistance to Downy Mildew in Small-
Ear Waxy Corn by Modified Mass Selection. Agronomy 11(9):1793. 
https://doi.org/10.3390/agronomy11091793  

Tibbs Cortes L, Zhang Z, Yu J. 2021. Status and prospects of genome‐wide association studies in 
plants. The Plant Genome 14(1):e20077. https://doi.org/10.1002/tpg2.20077  

Verzegnazzi, AL, dos Santos IG, Krause MD, Hufford M, Frei UK, Campbell J, Almeida VC, 
Zuffo LT, Boerman N, Lübberstedt. 2021. Major locus for spontaneous haploid genome 
doubling detected by a case–control GWAS in exotic maize germplasm. Theor Appl Genet 
134:1423–1434. https://doi.org/10.1007/s00122-021-03780-8 

Kansas 

Assefa Y, Prasad PV, Foster C, Wright Y, Young S, Bradley P, Stamm M, Ciampitti IA. 2018. 
Major management factors determining spring and winter canola yield in North America. Crop 
Science 58(1):1-6. https://doi.org/10.2135/cropsci2017.02.0079 

Bastos LM, Carciochi W, Lollato RP, Jaenisch BR, Rezende CR, Schwalbert R, Vara Prasad PV, 
Zhang G, Fritz AK, Foster C, Wright Y. 2020. Winter wheat yield response to plant density as a 
function of yield environment and tillering potential: A review and field studies. Frontiers in 
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