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Overview

• Update on Coffee 
Germplasm

• Genotyping of 
Coffee and 
Importance

• International 
Multi-Location  
Variety Trial



National Plant Germplasm System - Coffee

SNP Genotyping
ARS Beltsville

Importation and Quarantine 
of New Germplasm ARS Hilo

Primary Coffee Collection
ARS Hilo

Backup Coffee Collection
ARS Mayagüez

Long Term (Cryopreservation) Storage 
ARS Fort Collins



Transfer of Coffee from HARC to Hilo

Coffee branches 
bagged before 

flowering, cherry 
collected, and seeds 

sent to Hilo

Seeds germinated in Hilo, in 
greenhouse before planting

Coffee plants at HARC, University of 
Hawaii and grower fields sent to 

Dapeng ARS Beltsville for genotyping



Single-Nucleotide Polymorphisms (SNPs)
Dr. Dapeng Zhang, ARS Beltsville

A SNP is a single base change in a DNA sequence that 
occurs in a significant degree (>1%) within a population

ACGTGAATTCACTAG

ACGTGAATTCACTAG

ACGTGAACTCACTAG

ACGTGAATTCACTAG

ACGTGAACTCACTAG

ACGTGAATTCACTAG

Zhang et al, ASIC 28th Conference 2021

Select a small SNP panel for genotyping Arabica coffee

132 accessions from CATIE International Coffee 
Collection

1) Typica/Bourbon 
2) East African varieties 
3) Ethiopian landraces and wild germplasm 
4) Introgressed varieties
5) C. canephora

Merot‐L’Anthoene et al., 2019. Development and evaluation of a genome‐wide coffee 8.5K 
SNP array and its application for high‐density genetic mapping and for investigating the origin 
of Coffea arabica L. Plant Biotechnol J. 17:1418–1430. 



Code Name Chr. Location SNPs and flanking sequences

Ca4929 chr6_295208 Chr6 295268

ATCTTCTTACCGACACCCCAACGACAAGAAAGTGTCCAGTAGAGGTGCAATCGGGTCGGG[T/G]TCGGGTTGACGGGTCGGGT
TGGGCTTAAGTATAGCAAAGAACCTGCTGAATCGAATCCGA

Ca0360 chr1_299891 Chr1 299951

TGCTTATTTAGCCAATCAGAAAAAAGGCAGGACAAAAATTTCATGAACCAACAATATAAC[C/G]CTGAATTAGAGAAAATCGTT
CAAAACATTTTTTCGTCCTTCACTTTTAAAATTGTTGTTT

Ca6722 chr9_387547 Chr9 387547

CGCAACATTTTCCTTTTTACAGTTCTTAATTAGTATTTCTCCGAGACAAGCCTAACCCTC[A/G]AGGAGATCAACCGATCAAGGAA
GAAGAAGTCTGTGGAAAATATGAGAATTGAAAGACATC

Ca1075 chr10_392529 Chr10 392589

TTCCATTCCCCGCATGATCCTCTTTCCTCGATCATTTCCCTTTGCTCGACACTCTTTTCT[T/G]GCTCTCATTTACTCTAGTTTCATTT
TTCCTCCCGTCAAATCTTTGTTGAGAGGGAGAGCA

Ca1695 chr11_544708 Chr11 544708

ACTATCCCAGGGTCACCAGCTACCCGACGGAGTCCGCTTATGGCTCGAGTCGACTAGCAA[A/T]GAAGAACAAGGGCCCAATTC
AGTCAAAAGGCTTGTATACATGCACAAGTTGTATTCAATC

Ca5205 chr6_714601 Chr6 714661

GTGGTCATCACCCTCTTTGGTGATACTGGAAGTTAGGGTTCTACCCTTGCCTCTCTCAAA[T/C]TTGCCACAATATGTGATTGGTC
TTAGTTGACCATCTCCTCTTACCCCTTTCCCCTAGATT

Ca3400 chr3_765963 Chr3 765963

TACTTCACTATGCCCTTGATATGCATTCATCATGTAGATTGACTTTTTAGAAGTTTGTTT[T/G]GCCATGTATGCCAATGGAAATT
ATAGCTTTCCAATTAAATGGAAGTATCCTTGTATCTTT

Ca6385 chr8_777237 Chr8 777297

TGAAAAGATAGAAGGCAGATTAAAAGTTGTGTACACCTTTAGCAGCAAAGGCACTCTGGC[A/C]TTTCCACACCAAATTCCACA
TCGATTCTCGGGGAGGTTAAGGGTTAGGTTATTAATTTTC

Ca5810 chr7_836219 Chr7 836279

AGACATAAATAAGGATCAGGCCATATCTTTAATCATGTACAAACAGAAAGAGAGAGGGCA[C/G]TTATGAACAGACAGAAACA
TTATAAATGCAACAGCCAACAGAACAAGAATTGATTGTTGG

Ca5818 chr7_862782 Chr7 862842

CAAGGGAAATTTTTAGCACAGGTACAAATTTATCGTTTTCTTTCTTTCTATTCCTTTTGC[T/C]TCACAGGCTAAATCCATTCAAAT
GTTGAAACTTAAGAGATTGTAGAACTACTTGTCCTAA

Ca5821 chr7_879665 Chr7 879725

CTCTCGACTCTCTCCCCAGCCTCCTCTACTTGTGTGCGTGGCCTTGGGCTTTGTCTAATC[A/T]CTCTCGACCGAATCGGATAACG
CCTACGCCGTCTCCTCTTCGCTTCTTTGTTTTTTCGCC

Ca5304 chr7_1034040 Chr7 1034100

GCACCATTAGTGTGAGTAAGATTAATATGTAAAAGTTACATGTCCAAGTCATGATTGAAT[T/G]ACAGGTAACAATTCAAATTTA
AGAGAATGCCAATTAAGTGCATGTGTTCAAAGTAGAAAA

Ca0079 chr1_1224907 Chr1 1224907

TGGTGAAGCCAAGAAATAATGAGAAAGTGATTGGCTGGTCCATGCACTTGTTTGTATTAG[T/C]GGTAGGGTCGTGCAGTACGC

TTTTAGCCAATGTTTTAAAACCCGGACCGTCAACTGAATC

Ca3794 chr4_2625820 Chr4 2625880

TGGAGGCAAAGTTGGAAGAAACAAGACGCAAGGAGAAAATGATGAAATTGTTGCTGTTTG[T/C]AGCGTTTGTTTTCGTAGTG
CAGAATTTGTTGAGCAAATATTGAGTTGTAACAAGCATTTG

Zhang et al., 2021. Selecting a core set of nuclear SNP markers for molecular characterization of Arabica coffee 
(Coffea arabica L.) genetic resources. Conservation Genetics Resources. https://doi.org/10.1007/s12686-021-
01201-y. 

Material and Methods

Zhang et al, ASIC 28th Conference 2021



Variety

homozygous 

loci (%) chr2_10062670chr4_23810281chr5_20682632chr7_862782chr8_5272782chr6_36032691chr9_6970814chr7_25514814chr1_23096641chr2_14994498chr4_2625820chr7_879665chr8_5758663chr1_23852437chr2_18003305chr5_21068409chr8_11070371chr8_777237chr2_18843600chr6_17030748
A14_1 0.814 C C A A A A C T A A T T T T A G G T G G C T A T C C T T C C C C C C C C G G A G

A14_2 0.871 C C A A A A T T A A T T T T A G G T G G C T A A C C T T C C C C C C C C G G A G

A14_3 0.814 C C A A A A C T A A T T T T A G G T G G C T A T C C T T C C C C C C C C G G A G

A14_4 0.786 C C A A A A C T A A T T G T A G G T G G C T A T C C T T C C C C C C C C G G A G

A14_5 0.829 C C A A A A C T A A T T T T A G G T G G C T A T C C T T C C C C C C C C G G A G

A14_6 0.871 C C A A A A T T A A T T T T A G G T G G C T A A C C T T C C C C C C C C G G A G

A14_7 0.829 C C A A A A C T A A T T T T A G G T G G C T A T C C T T C C C C C C C C G G A G

A14_8 0.814 C C A A A A C T A A T T T T A G G T G G C T A T C C T T C C C C C C C C G G A G

A14_9 0.829 C C A A A A C T A A T T T T A G G T G G C T A T C C T T C C C C C C C C G G A G

A14_10 0.814 C C A A A A C T A A T T T T A G G T G G C T A T C C T T C C C C C C C C G G A G

A14_11 0.829 C C A A A A C T A A T T T T A G G T G G C T A T C C T T C C C C C C C C G G A G

A14_12 0.871 C C A A A A C C A A T T T T A G G T G G C T T T C C T T 0 0 C C C C C C G G A G

A14_13 0.857 C C A A A A C C A A T T T T A G G T G G C T T T C C T T C C C C C C C C G G A G

A14_14 0.814 C C A A A A C T A A T T T T A G G T G G C T A T C C T T C C C C C C C C G G A G

A14_15 0.800 C C A A A A C T A A T T T T A G G T G G C T A T C C T T C C C C C C C C G G A G

A14_16 0.729 T T T T A A C C A A A T T T G G G T G G C T T T C C T T A C C C C C C C G G A G

A14_17 0.814 C T A T A A T T A A T T T T G G G T G G C T A A C C T T A C C C C C C C G G A G

A14_18 0.814 C T A T A A T T A A T T T T G G G T G G C T A A C C T T A C C C C C C C G G A G

A14_19 0.814 C T A T A A T T A A T T T T G G G T G G C T A A C C T T A C C C C C C C G G A G

A14_20 0.757 C T A T A A C T A A T T T T G G G T G G C T A T C C T T A C C C C C C C G G A G

IH-2-1 0.886 T T T T A A C C T T T T G G G G G G C C C C T T G G A A C C A A C G C C A A A G

IH-2-2 0.914 T T T T A A C C T T A A G G G G G G C C C C T T G G A A C C A A C G C C A A G G

IH-2-3 0.886 C T A A A A T T T T T T G G G G 0 0 G G C T A A C C A A C C A A C G C C A A A G

IH-2-4 0.843 T T T T A A C T T T A A G G G G G G C C C C A T G G A A C C A A C G C C A A G G

IH-2-5 0.843 T T T T A A C T T T A A G G G G G G C C C C A T G G A A C C A A C G C C A A G G

IH-2-6 0.829 T T A T A A T T A T T T G G G G G G C C C T A A C C A A C C A A C G C C A A A G

IH-2-7 0.871 T T T T A A C T T T A A G G G G G G C C C C A T G G A A C C A A C G C C A A G G

IH-2-8 0.900 C C T T A A T T A A T T G G G G G T G G C C A A C C A A C C A A C G C C A A A G

IH-2-9 0.871 T T T T A A C T T T A A G G G G G G C C C C A T G G A A C C A A C G C C A A G G

IH-2-10 0.871 T T T T A A C T T T A A G G G G G G C C C C A T G G A A C C A A C G C C A A G G

IH-2-11 0.857 T T T T A A C T T T A A G G G G G G C C C C A T G G A A C C A A C G C C A A G G

IH-2-12 0.900 T T T T A A C C T T A A G G G G G G C C C C T T G G A A C C A A C G C C A A G G

IH-2-13 0.857 T T T T A A C T T T A A G G G G G G C C C C A T G G A A C C A A C G C C A A G G

IH-2-14 0.857 T T T T A A C T T T A A G G G G G G C C C C A T G G A A C C A A C G C C A A G G

IH-2-15 0.871 T T T T A A C T T T A A G G G G G G C C C C A T G G A A C C A A C G C C A A G G

IH-2-16 0.857 T T T T A A C T T T A A G G G G G G C C C C A T G G A A C C A A C G C C A A G G

IH-2-17 0.914 T T T T A A C C T T A A G G G G G G C C C C T T G G A A C C A A C G C C A A G G

IH-2-18 0.857 T T T T A A C T T T A A G G G G G G C C C C A T G G A A C C A A C G C C A A G G

IH-2-19 0.600 T T A T A T C T T T A T G G G G G G C C C C A T G G A A C C A A C G C C A A A G

IH-2-20 0.829 T T T T A A C T T T A A G G G G 0 0 C C C C A T G G A A C C A A C G C C A A G G

Results 
Example of intra-varietal heterogeneity in Arabica coffee

Zhang et al, ASIC 28th Conference 2021



Typica

Catuai

Ethiopia

C. canephora

Bourbon &  Villa Sarchi 

IHCAF-90

Lempira

Parainema

Zhang et al, ASIC 28th Conference 2021



Detection of “offtype” trees 

Zhang et al, 
ASIC 28th Conference 

2021



What’s Next

Potential Downstream 
Applications

❑ Plant nursery accreditation 

❑ Variety certification 

❑ Product traceability & 
authentication

❑ Breeders right & IP protection

Future Research

❑ Expand the genotyping to include 
the full range of Arabica varieties;

❑ Develop diagnostic markers for 
mutation detection;

❑ Understand the genetic basis of 
residue heterozygosity;

❑ Investigate mating system for 
different varieties and different 
agroecology

Zhang et al, ASIC 28th Conference 2021



K7_MW228
K7_MW227

K7_KU123

6557_MW253
6557_MW252

6557_MW2516661
6661

Kents_6550

C
o

o
rd

. 
2

Coord. 1

Principal Coordinates (PCoA)

Typica Ethiopia Yellow  Bourbon Mokka (or other Bourbon types)

Catuai Robusta OA_Hawaii Blue_Mt_Hawaii

K7 & 6657 6661 Mondo Novo

Bourbon/Mokka/Caturra/Pacas/6554 etc. 

Catuai/MA6, 7, 8,10/KA 16-19/MO 22-30

Yellow 
Bourbon

Typica
Jamaica Blue Mt
Maragogype
MW wild
Maui wild
KO 32-34
P 502
….

Robusta & other spp.

Ethiopia

Main varieties/groups in the HARC collection



Diversity of Coffee Varieties

https://www.cafeimports.com/north-america/coffee-family-tree



HARC and USDA ARS PBARC participating in 
World Coffee Research International 

Multilocation Variety Trial

https://worldcoffeeresearch.org/work/international-multilocation-variety-trial/



Importation of 
IMLVT Coffee 

Lines

• Permit submitted to HDOA in 
2017

• Plants scheduled to arrive in 
2020 but delayed due to 
COVID

• Plant arrive on September 4, 
2020

• Coffee Leaf Rust found on 
Maui in end of October 2020

• Petition to propagate plants 
under quarantine filed

• Petition granted to propagate 
plants in quarantine March 23, 
2021



IMLVT Coffee Varieties in Tissue Culture

Susceptible

▪ AB3

▪ BLP10

▪ Catuai V IAC144

▪ Geisha

▪ K7

▪ Lempira

▪ Mundo Novo 379/19

▪ Pacamara

▪ SL28

Tolerant/Resistant

▪ Batian

▪ Catigua MG2

▪ Col1

▪ Col2

▪ Col3

▪ Col4

▪ EC15

▪ EC16

▪ Centroamericano
H1

▪ IPR103

▪ IPR107

▪ Kartila 1

▪ Marsellesa

▪ Oro Azteca

▪ Parainema

▪ Paraiso

▪ Ruiru 11

▪ S4808

▪ S795

▪ SLN5B

▪ SLN 6



WCR Coffee Varieties Information

https://varieties.worldcoffeeresearch.org/varieties



Hawaii Coffee Variety Trials
Locations: Kauai, Oahu, Maui, and Kona

Data:
• vegetative growth (tree height and diameter, etc)
• CLR incidence and severity, other pest and disease incidence
• flowering data (start date of flowering, date of peak flowering and date of last flowering)
• cherry phenology data (size and maturation)
• production data (date and weights of harvest)
• bean quality (weight of bean, size, imperfections, and grade)
• cupping quality



Other Ongoing 
Activities

• Negotiation with 
Breeders of Coffee 
Varieties in WCR 
IMVLT

• Investigating other 
potential varieties for 
Hawaii

• Potential importation 
through USDA APHIS 
Controlled Import 
Permit
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Questions?


