Coffee Leaf Rust Variety Trials in Hawaii
Tracie Matsumoto, USDA DKI PBARC
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National Plant Germplasm System - Coffee

b AT R A TN R R N R A

A I R e

Biil.assiae sias sialaarosress srecesc e
X'!;..'"'."..xl ISttt

weid . 3te.
I R
ces essss Testesetetsests

SNP Genotyping Importation and Quarantine Primary Coffee Collection
ARS Beltsville of New Germplasm ARS Hilo ARS Hilo

Backup Coffee Collection Long Term (Cryopreservation) Storage
ARS Mayaguez ARS Fort Collins



Transfer of Coffee from HARC to Hilo

Coffee plants at HARC, University of
Hawaii and grower fields sent to
Dapeng ARS Beltsville for genotyping

Seeds germinated in Hilo, in
greenhouse before planting

Coffee branches
bagged before
flowering, cherry =%
collected, and seeds &
sent to Hilo




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

A SNP is asingle base change in a DNA sequence that
occursin a significantdegree (>1%) within a population

ACGTG CACTAG
ACGTG CACTAG
ACGTG CACTAG
ACGTG CACTAG
ACGTG CACTAG
ACGTG CACTAG

Select a small SNP panelfor genotyping Arabica coffee
132 accessions from CATIE International Coffee

Collection
1) Typica/Bourbon
2) EastAfricanvarieties
3) Ethiopianlandracesand wild germplasm
4) Introgressedvarieties
5) C.canephora

Merot-L'Anthoene et al., 2019. Development and evaluation of a genome-wide coffee 8.5K

Zhang et al. ASIC 28th Conference 2021 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.




Material and Methods

Code Name Chr. Location SNPs and flanking sequences
ATCTTCTTACCGACACCCCAACGACAAGAAAGTGTCCAGTAGAGGTGCAATCGGGTCGGG|T/G]TCGGGTTGACGGGTCGGGT
Ca4929 chr6_295208 Chré 295268 TGGGCTTAAGTATAGCAAAGAACCTGCTGAATCGAATCCGA
TGCTTATTTAGCCAATCAGAAAAAAGGCAGGACAAAAATTTCATGAACCAACAATATAACIC/G]CTGAATTAGAGAAAATCGTT
Ca0360 chrl_299891 Chrl 299951 CAAAACATTTTTTCGTCCTTCACTTTTAAAATTGTTGTTT
CGCAACATTTTCCTTTTTACAGTTCTTAATTAGTATTTCTCCGAGACAAGCCTAACCCTC[A/G]AGGAGATCAACCGATCAAGGAA
Ca6722 chr9_387547 Chr9 387547 GAAGAAGTCTGTGGAAAATATGAGAATTGAAAGACATC
TTCCATTCCCCGCATGATCCTCTTTCCTCGATCATTTCCCTTTGCTCGACACTCTTTTCT[T/G]GCTCTCATTTACTCTAGTTTCATTT
Cal075 chrl0_392529 Chrl0 392589 TTCCTCCCGTCAAATCTTTGTTGAGAGGGAGAGCA
ACTATCCCAGGGTCACCAGCTACCCGACGGAGTCCGCTTATGGCTCGAGTCGACTAGCAA[A/TIGAAGAACAAGGGCCCAATTC
Cal1l695 chrll_544708 Chrll 544708 AGTCAAAAGGCTTGTATACATGCACAAGTTGTATTCAATC
GTGGTCATCACCCTCTTTGGTGATACTGGAAGTTAGGGTTCTACCCTTGCCTCTCTCAAA[T/CITTGCCACAATATGTGATTGGTC
Ca5205 chr6_714601 Chr6 714661 TTAGTTGACCATCTCCTCTTACCCCTTTCCCCTAGATT
TACTTCACTATGCCCTTGATATGCATTCATCATGTAGATTGACTTTTTAGAAGTTTGTTT[T/G]GCCATGTATGCCAATGGAAATT
Ca3400 chr3_765963 Chr3 765963 ATAGCTTTCCAATTAAATGGAAGTATCCTTGTATCTTT
TGAAAAGATAGAAGGCAGATTAAAAGTTGTGTACACCTTTAGCAGCAAAGGCACTCTGGC[A/CITTTCCACACCAAATTCCACA
Ca6385 chr8 777237 Chr8 777297 TCGATTCTCGGGGAGGTTAAGGGTTAGGTTATTAATTTTC
AGACATAAATAAGGATCAGGCCATATCTTTAATCATGTACAAACAGAAAGAGAGAGGGCA[C/G]TTATGAACAGACAGAAACA
Ca5810 chr7_836219 Chr7 836279 TTATAAATGCAACAGCCAACAGAACAAGAATTGATTGTTGG
CAAGGGAAATTTTTAGCACAGGTACAAATTTATCGTTTTCTTTCTTTCTATTCCTTTTGC[T/CITCACAGGCTAAATCCATTCAAAT
Ca5818 chr7_862782 Chr7 862842 GTTGAAACTTAAGAGATTGTAGAACTACTTGTCCTAA
CTCTCGACTCTCTCCCCAGCCTCCTCTACTTGTGTGCGTGGCCTTGGGCTTTGTCTAATC[A/T]CTCTCGACCGAATCGGATAACG
Ca5821 chr7_879665 Chr7 879725 CCTACGCCGTCTCCTCTTCGCTTCTTTGTTTTTTCGCC

GCACCATTAGTGTGAGTAAGATTAATATGTAAAAGTTACATGTCCAAGTCATGATTGAAT[T/GJACAGGTAACAATTCAAATTTA
Ca5304 chr7_1034040 Chr7 1034100 AGAGAATGCCAATTAAGTGCATGTGTTCAAAGTAGAAAA

TGGTGAAGCCAAGAAATAATGAGAAAGTGATTGGCTGGTCCATGCACTTGTTTGTATTAG[T/CIGGTAGGGTCGTGCAGTACGC
Ca0079 chrl_1224907 Chrl 1224907 TTTTAGCCAATGTTTTAAAACCCGGACCGTCAACTGAATC

TGGAGGCAAAGTTGGAAGAAACAAGACGCAAGGAGAAAATGATGAAATTGTTGCTGTTTG[T/CIAGCGTTTGTTTTCGTAGTG
Ca3794 chr4_2625820 Chrd 2625880 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/10.1007/512686-021-

01201-y. Zhani et aII ASIC 28th Conference 2021



Results
Example of intra-varietal heterogeneity in Arabica coffee

homozygous
Variety loci (%) chr2_1(chr4_2: chr5_2( chr7_8¢ chr8_5: chr6_3¢ chr9_6¢ chr7_2f chrl_2: chr2_1¢chrd_2¢ chr7_8ichr8_5ichrl_2: chr2_1¢ chr5_21chr8_11chr8_7ichr2_1¢ chr6_1i
Al4_1 0.814 ccC AA AA CT AA TT TT AG GT GG CT AT € TT ccC ccC cC cC GG AG
Al4_2 0.871 ccC AA AA TT AA TT TT AG GT GG CT AA CC TT ccC ccC €cC CC GG AG
Al4_3 0.814 ccC AA AA CT AA TT TT AG GT GG CT AT CC TT ccC ccC cC @ GG AG
Al4_4 0.786 ccC AA AA CT AA TT GT AG GT GG CT AT CC TT ccC ccC cC CC GG AG
Al4 5 0.829 ccC AA AA CT AA TT TT AG GT GG CT AT cC TT ccC ccC cC cC GG AG
Al4_6 0.871 ccC AA AA TT AA TT TT AG GT GG CT AA cC TT cC ccC cC cc GG AG
Al4_7 0.829 ccC AA AA CT AA TT TT AG GT GG CT AT cC TT cC cC cC cC GG AG
Al4_8 0.814 ccC AA AA CT AA TT TT AG GT GG CT AT cC TT cC cC cC cC GG AG
Al4_9 0.829 cc AA AA ch AA TT TT AG GT GG CT AT ccC TT ccC ccC ccC ccC GG AG
Al4_10 0.814 cc AA AA Cil AA TT TT AG GT GG CT AT ccC TT cc ccC ccC ccC GG AG
Al4_11 0.829 CiC AA AA Chl AA TT TT AG GT GG CT AT ccC TT cc ccC ccC ccC GG AG
Al4_12 0.871 Cic AA AA cC AA TT TT AG GT GG CT TT cC TT 00 ccC CC cC GG AG
Al4_13 0.857 cc AA AA CiC AA TT TT AG GT GG CT TT CiC TT ccC ccC CC CiC GG AG
Al4_14 0.814 ccC AA AA CT AA TT TT AG GT GG CT AT cC TT cC ccC € € GG AG
Al4_15 0.800 ccC AA AA CT AA TT TT AG GT GG CT AT cC TT ccC ccC €cC € GG AG
Al4_16 0.729 TT TT AA cC AA AT TT GG GT GG CT TT cC TT AC ccC cC CC GG AG
Al4_17 0.814 CT AT AA TT AA TT TT GG GT GG CT AA cC TT AC ccC cC cC GG AG
Al4_18 0.814 CT AT AA TT AA TT TT GG GT GG CT AA cC TT AC ccC cC cC GG AG
Al4_19 0.814 CT AT AA TT AA TT TT GG GT GG CT AA cC TT AC ccC cC cC GG AG
Al4_20 0.757 CT AT AA CT AA TT TT GG GT GG CT AT cC TT AC ccC ccC cC GG AG
IH-2-1 0.886 TT TT AA cC TT TT GG GG GG ccC cC TT GG AA cC AA CG cC AA AG
IH-2-2 0.914 TT TT AA cC TT AA GG GG GG ccC cC TT GG AA cC AA CG cC AA GG
IH-2-3 0.886 Chl AA AA TT TT TT GG GG 00 GG CT AA ccC AA ccC AA CG ccC AA AG
IH-2-4 0.843 TT TT AA Chl} TT AA GG GG GG CCcC ccC AT GG AA cc AA CG cC AA GG
IH-2-5 0.843 TT TT AA Chl} TT AA GG GG GG CCcC ccC AT GG AA cC AA CG cC AA GG
IH-2-6 0.829 TT AT AA TT AT TT GG GG GG CCcC CT AA CiC AA ccC AA CG CiC AA AG
IH-2-7 0.871 TT TT AA CT TT AA GG GG GG CCcC ccC AT GG AA ccC AA CG @ AA GG
IH-2-8 0.900 ccC TT AA TT AA TT GG GG GT GG CC AA €cC AA cC AA CG CC AA AG
1H-2-9 0.871 TT TT AA CT TT AA GG GG GG CCcC ccC AT GG AA ccC AA CG CC AA GG
IH-2-10 0.871 TT TT AA CT TT AA GG GG GG cCcC ccC AT GG AA ccC AA CG @ AA GG
1H-2-11 0.857 TT TT AA CT TT AA GG GG GG CCcC ccC AT GG AA ccC AA CG cC AA GG
1H-2-12 0.900 TT TT AA cC TT AA GG GG GG CCcC cC TT GG AA ccC AA CG cC AA GG
IH-2-13 0.857 TT TT AA CT TT AA GG GG GG CCcC ccC AT GG AA cC AA CG cc AA GG
IH-2-14 0.857 TT TT AA CT TT AA GG GG GG ccC cC AT GG AA cC AA CG cC AA GG
IH-2-15 0.871 TT TT AA ch TT AA GG GG GG CCcC ccC AT GG AA cC AA CG ccC AA GG
IH-2-16 0.857 TT TT AA ch TT AA GG GG GG CCcC ccC AT GG AA ccC AA CG ccC AA GG
IH-2-17 0.914 TT TT AA CC TT AA GG GG GG CCcC ccC TT GG AA cc AA CG ccC AA GG
IH-2-18 0.857 TT TT AA Chl} TT AA GG GG GG CCcC ccC AT GG AA ccC AA CG cCc AA GG
1H-2-19 0.600 TT AT AT Chl) TT AT GG GG GG CCcC ccC AT GG AA ccC AA CG CiC AA AG
1H-2-20 0.829 TT TT AA ©T TT AA GG GG 00 ccC ccC AT GG AA ccC AA CG CC AA GG

Zhang et al, ASIC 28th Conference 2021



Principal Coordinates (1 vs 2)

canephora

Typica

Axis 2

Bourbon & Villa Sarchi

Axisl

# Typica ™ Ethiopia A Villa Sarchi or other Bourbon type  © Catuai_Ref ¢ Robusta

4 Catuai MOCCA @ |[HCAF-90 < Lempira ™ Parainema

Zhani et aII ASIC 28th Conference 2021




Detection of “offtype” trees
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A14_#1_LF CRI_#1_CA M1_BV
A14_#2_LF CRI_#2_CA M2_BV
A14_#3_LF CRI_#3_CA M3_BV
Al4_#4_LF CRI_#4_CA Ma4_BV
A14_#5_LF CRI_#5_CA M5_BV
A14_#6_LF CRI_#6_CA M6_BV
A14_#7_LF CRI_#7_CA M7_8v
A14_#8_LF CRI_#8_CA M8_BV
A14_#9_IF CRI_#9_CA M9_BV
A14_#10_LF CRI_#10_CA M10_BV
A14_#11_LF CRI_#11_CA M11_BV
A14_#12_LF CRI_#12_CA 'M12_BV
A14_#13_LF CRI_#13_CA M13_BV
A14_#14_LF CRI_#14_CA M14_BV
A14_#15_IF CRI_#15_CA M15_BV
A14_#16_LF CRI_#16_CA M16_BV
A14_#17_LF CRI_#17_CA M17_BV Zhanget al,
A14_#18_LF CRI_#18_CA M18_BY
Al4_#19_LF CRI_#19_CA IM19_BV ASIC 28th Conference
A14_#20_LF CRI_#20_CA M20_BV 2021




What's Next

Potential Downstream Future Research

Applications O Expand the genotyping to include

O  Plant nursery accreditation the full range of Arabica varieties;

O Develop diagnostic markers for

O Variety certification ) _
mutation detection;

O  Product traceability &

authentication O Understand the genetic basis of

residue heterozygosity;

O  Breeders right & IP protection _ _
O Investigate mating system for

different varieties and different
agroecology

Zhang et al, ASIC28th Conference 2021



Coord. 2

Main varieties/groups in the HARC collection

Robusta & otherspp.

Ethiopia

Bourbon/Mokka/Caturra/Pacas/6554 etc.
/ / [Pacas/ossa 6661 _Kents_6550 6557_MW251
6661 ®
QX«W e il 853sY"Wiws3
X .
N 7 w2y 3 m oo, A\ Typica
Yellow K7_MW2 o o o | &‘ Jamaica Blue Mt
Boyffon, | KT_KULZD 2 @ aaee W Maragogype
L ah Mo 2 MW wild
A Maui wild
KO32-34
P 5o2
Coord. 1
© Typica B Ethiopia A Yellow Bourbon X Mokka (or other Bourbon types)
X Catuai ® Robusta © OA_Hawaii U Blue_Mt_Hawaii
© K7 & 6657 B 6661 A Mondo Novo
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HARC and USDA ARS PBARC participating In
World Coffee Research International
Multilocation Variety Trial

N WORLD COFFEE
'’ RESEARCH

22 countries host IMLVT sites

NOTE: Countries/regions with varieties listed provided seeds and received plantiets.
Countries without seeds listed are variety recipients only.

<4, DOMINICAN oy P 7

REPUBLIC o . # S
L S8R
JAMAICA T ¢ i
MEXICO ) COLOMBIA :
~ Oro Azteca : : 1 \
- 7

INDONESIA
AB3

BLP1O

BP432A

Kartila 1

‘*“m‘rr
CAMEROON {34

HONDURA o

Lempira 5 “‘u

Parainema DEMOCRAT'C; _j” 5 -
REPUBLIC OF-—~¥ } i Sin v .
THE CONGO /[ R} {/

BRAZIL ZAMBIA y
CENTRAL AMERICA R
Centroamericano (H1)
ECIS
Marsellesa
Mundo Maya (EC16)

MALAWI )
ZIMBABWE

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




Importation of
IMLVT Coffee
Lines

Permit submitted to HDOA in
2017

Plantsscheduled 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 quarantinefiled

Petition granted to propagate
plantsin quarantine March 23,
2021




IMLVT Coffee Varieties in Tissue Culture

Susceptible Tolerant/Resistant
= AB3 = Batian = [PR10o7
= BLP1o = Catigua MG2 = Kartilaz
= CatuaiV IAC144 = Cola = Marsellesa
= Geisha = Col2 = OroAzteca
= K7 = Col3 = Parainema
= Lempira = Colg = Paraiso
= Mundo Novo 379/19 = ECag = Ruiru 11
= Pacamara = EC16 = 54808
= SL28 = Centroamericano = 5795
Ha
- SLN5B
= [IPR103
= SLN6



WCR Coffee Varieties Information

-
CENTROAMERICA
Wery high yielding variety if planted in healthy sail, with very good quality at
elevations above 1300 meters. Well-adapted to agroforestery conditions.

QUALITY POTENTIAL AT HIGH ¥IELD POTENTMAL STATURE OFTIMAL ALTITUDE
RoTTnES Very High Dwarf A00-1500 meters

Very Good

o
TeEww hd

COF FEE LEAF RUST WEMATO DES COFFEE BERRY DISEASE (CED) ¥EAR OF FIRST PRODUCTION
Resistant Tolarant Tolerant Early
NUTRITION REQUIREMENT BEAN SITE LEAF TIF COLOR
Wery High Large Green
RIPENING OF FRUIT Average
CHERRY-TO- GREEN-BEAN OUTTURN Very High
[PLANTING DEMSITY Bourban ke {2000-4000 aha)
ADDITI0 HAL AGROHOMIC INFORMATION Can have difficutly establishing rootsin the frsttwo years caused by desequilirium between fie

other s granomic perfanmance traits. The variety should anly be reproduced thmu gh clon sl pmpagation
Mematodes Nat tolerant ta Pratylen chus spp. |5 toferaint ta Meloidogyne exigua

R A i

growth af radicle roats and aerial roats. Requises careful nutrition for roats ta became e stablished
awsiding too much nitragen {M). Note: Seeds taken from hybd d plants will nothave the same
charscieristics as the pareniplants. This is called “seprepation”” [imeans thatthe chilld plantwilllnot
loak ar behave the same a3 the parent, with patential asses af yield, disease resi stance, quality, or

INTELLECTUAL PROPERTY RIGHTS This plantis in the pub%c domain in Costa Rica, ElSalwador, Guatemals and Honduras; outside of these
cauntries, pesnizsion should berequesied fmm PROMECAFE

[BREEDER CI RAD-CATIE-ICAFE-1H CAFE - PROCAFE-ANACKFE
GEMETI DESCRIFTION Hylbwid | Ethiopian x Catimor,/Sanchimar)
[PAREMTAGE T5E56 x Rume Sudan
S,
\»% \!‘E} WHERE TO FIND UPDATED
‘ Faor up-to-date information on whetherits possible to.obtain this variety throu gh the World Coffee Research Jun 07, 2016

~ RESEARCH USAID

1R THE AENCAN YO

Vesified pragram, please vist our website:

hitps: varisties workdcolfeene sea sch.o g fwarietie sicentro america

https://varieties.worldcoffeeresearch.org/varieties



Hawaii Coffee Variety Trials

Locations: Kauai, Oahu, Maui, and Kona

@ WORLD COFFEE
RESEARCH

Figure 2. Fischer block trial design. Each variety is

replicated three times, once in each block. The placement

of the variety row is randomized across blocks.

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
Hawalli

* Potential importation
through USDA APHIS
Controlled Import
Permit




Acknowledgements

| USIDA DapengZhang
“ Hawaii Agriculture Research Center a Ricardo Goenaga

HARC  Chifumi Nagai Tomas Ayala Silva

Ming LiWang
syl Coffee Strategic Plan Variety
\ Chifumi Nagai
%) WORLD COFFEE Noel Areta
RESEARCH uis Aristizaba
Andros Bracamontes
VernLong Miguel Meza

Jorge Benn
. U Arturo Correa

s
AWAI
| | COFFEE GROWERS
ASSOCIATIONJ]]










