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INtro d uction: A/ =NP EVs Geography ~ Climate Table 2. Pearson correlation between phenotypic traits and geo-climate
S | Matrix ~ | Matrix | 4| Matrix variables and PCs of 26 geo-climate variables. Values >0.12 or <-0.12 are
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. Some plants ave higher itness in their native _envwonments compared to foreign g nositive P-values.
environments, which is termed as local adaptation. .

* Understanding factors affecting local adaptation and the genetic mechanisms underlying A ‘S L , 2l | § [B - S
local adaptation is key for accelerated domestication, conservation and management of P. s £ ¢ 5 & ¢ g & %5 EZ2 8 o
trichocarpa and ultimately developing this species as a biofuel cro Geography 83 z SR : ¢ 22 8% 55 38 8§
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*Is climate shaping the adaptive variation in P. trichocarpa? I e oo oo oo
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 How much of the adaptive variation at the genomic level is explained by the climate? PC2 016 005 -012 -018 017 -010 010 009 016 007 004
_ o _ _ _ _ _ Phenotypes SNP EVs Climate Geography
 How much of the adaptive variation in phenotypes is due to climate and genetics (genomic 0 A ©, Botri.010G080200
. . o i Matri i i —~~ 8 . ’
variation? 2 Mitlnx ~ 11§\§KI(P + 5'\4?:;;8 + L“Q? gLXd - i beta-ketoacyl-CoA synthase
& | phenotypes S vars Long N s y
. . O il
Experimental Approach: 5 < |
« All phenotypic data were collected from 2010-2015 B S
In the common garden in Corvallis, Oregon (Table 1) <
(Evans et al., 2014, Chhetri et al., 2019). S &
 Climate data from 1990 to 2010 were collected from 2
the source location of the trees. .| & |
. . T 8
« Genotype-environment association (GEA) analyses 0.1 Z ® ||
were performed with 6.74 million SNPs with Geopraphy o [
univariate (Zhou and Stephens., 2010) as well as AT — = :
. . = . © .
the multivariate (Zhou and Stephens, 2014) <!
)
GEMMA. Figure 5. Partitioning of variance components in RDA g
. - : - analyses. (A) SNP ~ Clim + Geo model. 7.6% is of the total o
Multivariate methods called ?Qedundancy AnalySIS variation is explained by climate and geography (matrix of U)
RDA) was used to explain the variation In the spatial variable). (B) Pheno ~ SNP + Clim + Geo model. 22%
( ) . P - . is of the total variation is explained by SNP EVs, climate and ! 2 8 4 g5 6 7 8RR 1011 1215014 1516 1778 19 Scaff
response matrix constrained by the predictor geography. More than 10 million SNPs with MAF=0.01 were Genome position
variables. decomposed into 868 SNP eigenvectors (EVs) and the first

113 significant EVs were used In alliRDA analyses. Figure 6. Square loadings of top 0.1% SNPs from one of the 5 significant

Table 1. Broad-sense heritability estimates (H2) of morphological, eigenvectors (EV32) detected from the climate RDA analysis (A) and one of
physiological and phenological traits in P. trichocarpa. (O Potri.010G080200 the 17 outlier eigenvectors (EV1) detected from the phenotypic RDA analysis

S beta-ket I-COA h (B). Numbers 1 to 19 represent chromosomes. Gray and yellow colors
Trait L2 GenoV® N’ Total treest Multitrait of 6 - Dela-ketoatyl-LoA synthase represent positive and negative square loadings, respectively. Red and blue
Height (HT) 0.363 0.152 876 2378 (851) ﬁg\ climate variables ; indigate top 100 square Ipadings corresponding t.o- positive and negativg
Leaf area (LA) 0.344 872790 794 1056 (262) = & : loadings, resp-ectlv-e.ly. (?Ilmate RDA (EV3?) identified the same gene (cwglgd
Leaf aspect ratio (AR) 0.462 0.033 794 1056 (262) 0?_ red) that was identified in QEA. Phen(?typlc RDA (EV1) also identified a similar
Petiole diameter (PD) 0297 0.147 839 1124 (285) = ! I%eng,o Izgtgé%12%((3)80300 (circled blue) just 100 bp upstream of the
Petiole length (PL) 0561 70.732 839 1124 (285) 2 & S} '
Specific leaf area (SL) 0.371 101.465 784 1010 (226) ' SNP EVs ~ Clim + Geography
Stomatal density (SD) 0.500 215.654 813 1064 (251) : :
Bud flush 0.825 0.453 877 2442 (2426) S o
Bud set 0.628 0.253 841 2173 (2133) o
Carbon isotope (CI) 0.363 0.240 681 759 (78) | .
F|gu;e 1. SourceI Iggatltﬁns c;f 369( P. trllchdocta;pa SPAD2014 (SP) 0.310 6.420 839 1124 (285) — 1 5 3 4 5 6 7 89 10 1112 13 14 15 16 17 18 19 Scaff =
genotypes sampled In this study (purple dots). . . . <)
\ . aGenotypic variance component; PNumber of genotypes Genome position > o
The tre_es were grown in a common garden in °Number of ramets sampled, with replicates in parentheses P ,_08 -
Corvallis, Oregon (black star). o
Figure 4. Single trait, multitrait and PC based association showing the association of geo-climate variables with the SNPs in N g
P<7 417%10°9 P<1X107 chromosome 10. Color panels represent chromosome numbers 1 to 19 and scaffolds (last panel). Red horizontal line indicates <DE
B 'f  threshold Bonferroni correction threshold (P = 7.417x10°) and blue horizontal line indicates suggestive association threshold (P=1x10"7). ¥ o
(Borifgrroni thresfjold) Nearest gene to the highlighted SNP/s (red circle) is Potri.010G080200, which is a very long chain beta-ketoacyl-CoA synthase ©
with potential involvement in cuticular wax biosynthesis. o
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Figure 2. Genes detected by genotype environment association (GEA) Genome position Genome position - e Kitimat
across the methods — single trait, multitrait and PC-based. ;@ e Klinaklini
Figure 7. RDA triplots showing SNP eigenvectors constrained by the matrix of 3! = 2 Hi"s%%e;"y
h @ climate and geography variables (A) and climate variables with geography as L0 e Nooksack
@ ‘ a4 covariates (B). Both RDA1 and RDA2 axes were significant in all RDA models. It ~ _ © Olympic Pen
appears that the effects of climate are confounded by geography. Factoring out the <DE ' ; ggmgt;p
""" Elevation Mean Annual Relative effect of geography reveals the effects of climate. Circles indicate 869 P. trichocarpa nd o Skagit
b Temperature Humidity genotypes (color coded by river, the populations). Triangles indicate SNP ! g gtwlfkr\:\/'ah
E eigenvectors with outlier eigenvectors (based on a 3 standard deviation cutoff o Sn)éq%allrsnie
" selected from the tails of the distribution of RDA axes) in black. Blue arrows indicate ™ : © Squamish
the influence of climate variables on RDA axis. | | | | | | ® Willamette
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Conclusions: RDA1 (27.01%)
« Correlation of phenotypes with climate variables suggests a role of climate in shaping genetic
variation.
Legend . esen « Climate alone significantly explained 1.9% of the variation in the genome.
Value in meters ' egen - en_ . . . . . . .
Eggss_sf,ooo X awew’c .  SNPs alone explained 3.9% of the variation in phenotypic traits.
o 0 ! N P -  The RDA method allowed deconvolution of the effects of climate from geography.
> . « Several key genes identified from GEA and RDA are potentially good targets for breeding and

genetic engineering.
Figure 3. Geography and climate maps for the range of P. trichocarpa distribution.
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