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English Walnut (Juglans regia) is a significant California agricultural
commodity, with annual production valued at $1.84 billion (2014). A
key factor in consumer acceptance and walnut export value is pellicle
(seed coat) color. Recent studies have demonstrated that pellicle
color is influenced by phenolic compounds, a class of compounds
that includes tannins, anthocyanins, melanins, lignins and

monophenols.

To identify biosynthetic pathways and metabolites that determine
pellicle color, pellicles were isolated over one growing season from
5 cultivars presenting unique pellicle colors (pale, tan, red, orange,
brown). Total RNA was extracted and barcoded; cDNA libraries were
sequenced (SE, 50bp) using an lllumina HiSeq 3000. Metabolites
were extracted and separated via GC (small, primary metabolites)
or HPLC (large, secondary metabolites) and identified via MS/MS.

Our results implicate phenolic metabolites and specific, related genes
in controlling cultivar-specific pellicle color. To enable construction of
breeding markers, DNA from these cultivars has been included in a
SNP profiling chip. Implicated genes will be evaluated for predictive
power across a panel of 1500 individuals to correlate candidate

genes and gene variants with pellicle phenotype.

Shell Forming

glucose —» glucose 6P
sucrose 0
Fructose ——» fructose 6P
UDP-glucose #
fructo

P

cysteine  glycine

glyceraldehyde-3-P «—» DHAP

DHA
O-acety serine «—serine «— S-phosphoglycerate &

N giycerate

tryptophan  «—— phosphocnolpyruvate

Mature pellicles exhibited increased levels of:
Desiccation protectants
Dormancy associates

Extract Total RNA
Make cDNA Libraries

|

Sequence cDNA (RNAseq)
Align & Count Reads

Differential Expession

Fig 1.

Collect & Dissect Walnuts

Snap Freeze in N2

Integrate Transcript & Metabolite Date

Pathway Analyses
Correlate Pellicle Color with Specific Genes & Metabolites

Extract Metabolites

J,

Separate Metabolites
1°GC; 2° HPLC

Identify Metabolites

Differential Expession

Workflow for Identification of Pellicle Metabolites and Enriched mRNA Identification

phenyfalanine
Shell Formed tyrosine " Complex sugars
pyruvate, alanine z = N Ty 11 o
——— Leucine, valine, tyrosine, asparagine, isoleucine
asparagine acetyl CoA .
t ditrate Mature pellicles exhibited decreased levels of:
aspartate «—— N ouoetate i
partate onloggetat ;m:e proline Simple sugars
/ arginine. TCA metabolites
ysine et ) DHA
metioinetusonne \ J /"”“"“‘hi}ﬁdim Aspartate and cysteine
Mature fumarste aketoglutirate A o
isoleucine N i olftamine Metabolite Content:
Green: Reduced
Red: Elevated
Chandler R. Livermore G. Caramel G. Pumpkln Vina *Mature pellicles compared against Shell Forming and Shell Hardening stages.
Fig 2. Rep Nuts Display D and Inter-Cultivar Variation Fig 5.  Primary Metabolite Accumulation is Governed by Nut Developmental Age
Differential Gene Expression Summary Metabolite Enrichment Summary Aromatic Amino Acid Biosynthesis
St
[, g g wets
,,,,, i By i b Bl
Stage Cultivars Images Dl;‘,mcm Shell Forming Shell Hardening Mature e L s sty
& Chandler o FBIRR
Foming  Gayle's Caramel e o
RETHUTED Welch's Two-Sample  GvaGe  ChvsRL  GhvsGC ChvsGC  ChvsRL i ol
tost ChusRL Er b
117
o Chander T gy - - - s » .
Hoonng Gyl Carame =
RobertLivermora
Metaboite [ =)
Distribuion 18128 1313 o116 12117 22 2018 & ol
Chandler : {pCommlit i > L sipssin
Natre  Gayle’s Caramel 12y ] i)
RobertLivermore T—— N _—
mors == == o EEn -
e
From a Total of 70,000 Gene Variants From a Total of 209 Named Metabolites Courscest L) ) Metaboites
. . . - . . y ME [E () [ v R e No Enichment « p>0.10
Fig 3.  Evaluation of Differential Gene Expression and Metabolite Accumulation (B85 oo
LSS J—. ¥ SU S— et s pcot0
a1 e smes OO BHETD)  ow = cnander oo

gl

narngonn eyl

dnydrokaemptercl —s  dhychoquerctin —s - quercetn —»

>

.
s pikcsesn ot
aageacs

procyanidn B1  cateshin galate

) PPN S ) U o | U .,
_ mcon
l’ narngenin-7-O-ghicoside — narhgenin ———» erlodictyol qercetin
" T ottt
-

N ——— cyanidn —» cyanidn-galactoside
/

/
epleatechin

> proanthocyanidins (candensed tamins) <

epicateshin gatate

o W o=
ot -
J——
L} "I
2| _al|_+

Fig 4.

Enrichment in Flavonoid Species is Largely Cultivar-Specific
Pale Pellicles Exhibit Lower Levels of Most Flavonoids

005 <p<00t
001 <p<0001
p<00m

IR — Enviched i
o.c:

~005<p<010
“p<00s

Fig 6.  Visualization of Biosynthetic Pathway Activity by Integrating RNAseq & Metabolomics Data

Conclusions

« Pellicle primary metabolism is predominantely a function of maturity
* Reduction in simple sugar, sugar phosphates, TCA cycle metabolites and UDP-hexoses
* Increased levels of specific amino acids, and complex sugars

* Phenol metabolism is enriched in darker pellicles
* e.g. haringenin, gallate, gentisate, tryptamine (all known to be pigmented)

* The dominant pigment in Robert Livermore’s is an anthocyanin
« cyanidin 3-O-galactose

* Evaluating the power of SNPs in key genes identified in this study to
predict pellicle color in a panel of 1500 phenotyped and SNP typed
trees will enable generation of breeding markers




