Structural Polymorphisms as Causes of Heterosis in Populus
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Results

Abstract

Heterosis refers to the superior performance and stress tolerance of highly heterozygous groups or individuals. It is widely
known in maize (Fig 1), and many perennial biomass programs also employ heterosis either in the form of polyploids (e.g.,
Miscanthus) or in the form of interspecific hybrids (e.g., Populus, Salix, Acacia and Eucalyptus). This project focuses on the
association of heterosis with structural polymorphisms (SPs), primarily gene insertions and deletions, in wild trees and
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* Good quality DNA has been extracted from 174 F, genotypes so far using a

. P L. . " . . . . i 180-1xMax1 DxM 38 54
interspecific hybrids in Populus. We are analyzing existing genomic and phenotypic data from three populations, and generating CTAB DNA extraction protocol (Table 2).
. . . . - . 288-5xMax3 DxM 80 49
substantial new data on the extent of SPs. We established a new plantation of F, hybrid families that had a survival rate of 98%. e =~y = 37
We made progress in assembling reference genomes of P. deltoides, P. maximowizii and P. koreana required to align sequences * We will collect samples from 197 additional F, genotypes for DNA this spring SO450WLxSO46  DxN 55
of tree sequences in our F, population. DNA extractions were made from about one-third of the study population, and library (Table 2). SWL 14 41
preparation protocol and sequence-capture assay are nearly optimized for high-throughput sequencing. We made substantial SO459WLx5046  DxN 49 2 e
progress in phenotypic assessments, including tree size, leaf size, leaf density, chlorophyll content, chlorophyll fluorescence, and * Will collect samples from all (337) of the outbred hybrid backcross at Boardman 504339\!?;5047 OxN 23
net assimilation/respiration under ambient and high temperature stress. Preliminary phenotypic assessments indicate that there . assical this February and extract DNA from them. IWL 7 31
is significant variance among different genotypes, families, and/or cross-types for most of the phenotypes measured. We plan to I;lgure 1 C assm-a Total 371 174 197
do more extensive phenotypic measurements in future. eterosis in maize
| Table 2. Summary of DNA extractions from F, genotypes
Plant Materials
— Phenotypic assessment C. Specific Leaf Area
We are studying three types of populations: e o . _ _ L I
T r—_— Preliminary phenotypic analyses showed evidence of genetic variation in nearly 5000- :
° . . CU
1. Wild P. trichocarpa that was collected, resequenced, and established in several study plantations by all traits measure.d. Leat quoref,c:ence SEIEIIEHEE (F\(/Fm e y|eId).\./ar|ed among o
the DOE Bioenergy Science Center project. We are focusing on the “Marchel” population in Oregon crf)sses results (Fig. S_A'B)' Specific leaf area (SLA) varied among families and crosses % 4000. !
(Fig 2). This population has been extensively characterized genetically and phenotypically, and we **jeffersorl%oa rdman (Fig. 5C). We determined that SPAD meter measyrementst of c.hloro.phyll could be Q ‘ I %fgﬁﬂs
are continuing to generate new phenotypic data from it. I(\ﬁgggée)l (F) (BC, F,) taken on any leaf samples, on or oﬁ.c the tree, Wlth.e.ssentlally |dent|cz.al results and o = DN
2. A pseudo-backcross plantation, also supported by the DOE, that is growing in Boardman, Oregon (Fig ' ! the SPAD met.er measure.me.nts var-led among families and crosses (F.'S- SD)_‘ Leaf '8 2000- ‘ ‘
2). Itis comprised of outcross progeny from a cross of (P. trichocarpa x deltoides) x P. deltoides. photosynthesis and respiration varied among temperatures and families (Fig. SE). & ‘ ‘ \
3. An F1 plantation that was established in Jefferson, Oregon and Boardman, Oregon by GreenWood A. Dark-adapted Fluorescence N
Resource (GWR) (Fig 2). '
The three populations selected for the project will serve specific roles (Table 1). 0 84 | ‘ D. Chlorophyll Content
Figure 2. Location of three populations | | 60- .
Table 1. Rationale for study populations
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The main phenotypes under study are (Figure 3): g - SN Q\fﬁ" O I O 2
1. Tree height & diameter 5 ,\c§>f g 9 O T £
. = 1% A\ D A\ >
2. Leaf area & specific mass E SR - S
3. Stomatal density = B S & P =
4. ChIquphyII content ar\d c.zlark/llght f.Iuorescenf:e ® OPTHSCIENGES Figure 5. Phenotypic assessment of F, Jefferson plant material A)
5. Assimilation and respiration at ambient and high . :
. Fv/Fm fluorescence measurements for 6 families; B) qguantum vyield 5
R T ) measurements for 6 families; C) SLA (Leaf area (cm2) / leaf punch ©
. : : : e SERA \S\\ RN weight (g) for 6 families; D) SPAD measurements for three sources of X
* Experiments: For each population we will obtain phenotypes OO T e RNy AR : 2
over two erowing seasons \} Jefferson F1 population leaf material (SPAD1 and SPAD2 are measurements taken on leaves
5 5 ' — - after they were harvested, and SPAD_fl measurement is taken on the
. . : . : trees); E) photosynthesis and respiration rates for 6 families consisting
* Productivity traits: Productivity of the trees will be

of 2 genotypes taken at 2 different temperatures.

estimated as “volume index,” the product of tree height x

basal diameter squared. i

‘-% f, e Whole Genome Association Analysis (WGAS) for Dark-Adapted Chlorophyll Fluorescence
. : : 1 Q@ & N k -
P UL el Sl G ) chlorophyll. : : : : e Y Ve Objective: We gathered dark-adapted chlorophyll fluorescence data (Fv/Fm) in . |
content and fluorescence parameters (Fv/Fm, PSlI efficiency, Figure 3. Phenotyping of plant material. A) leaf data collection at the ¢ ‘-l 2 | = & ) the P, trichocarpa association population in July of 2014 in order to evaluate the =
and steady-state fluorescence) using portable chlorophyll Boardman F, population showing personnel taking dermal peels for stomatal - . VN - % . . . : p . : .-
meters and hand-held flourometers. counts, scanning leaves for area analysis, and taking SPAD readings; B) & Y o e Epata FRMEE [9RISES G Ul (iEt-UrreuZ apLE PR e e HmEr e e Hene e :s}: o -
measuring fluorescence in the association population; C) sample dark-adapted | N
* Stress related traits: Stress will be imposed by exposing fluorescence reading; D) clip used to dark-adapt leaves; E) measuring Method - - g . . . [
leaves to a series of increasing leaf temperatures and net assimilation and respiration with a Licor at the Jefferson Fl population; and F) d * Dark a-daptat|or-1 CllpS were appl.led in the late afternoon for measurements 0.06+00 5.00+06 1.0+07 ) 1.56407 2.00+07
assimilation, stomatal conductance, electron transport, and  scanned P. trichocarpa leaf for area analysis. following morning or late morning for afternoon measurements i '

dark respiration will be determined at each temperature. _ _ o _ _ _ _
* Using a model with Fyand position (Thin Plate Spline adjustment, Figure

6A) as covariates, the broad sense heritability was 0.56.

Genotyping A .-
 We performed a whole genome association analysis for corrected BLUPs | : |
1. Sequencing: A discovery population of 24 individuals per species will be sequenced to / from rep 3 only using 6 million SNPs and mixed model analysis with o - | , ‘ . , |
a depth of 15X for discovery of segregating SPs. s [ A N - Principal Components for population structure and a kinship matrix as il Bisld  Mier R dlslr  Ebal
> I : _ > covariates (Fig. 6B). Three loci showed strong associations with the trait - : e .
2. Dual-barcoding system : lllumina-compatible dual bar-coded libraries with 500 to 800 wAd (Fig. 6C-E). - E o
bp inserts will be prepared for each template using custom oligonucleotide (Fig. 4A). e — / _—
3. Sequence-capture assay: For genotyping hybrid and BC populations, we will use a Genes Near Association Peaks 8
sequence-capture assay. The sequence capture probes will be designed to flank the B“‘—_'.__"' * Chr03: flavonol-7-O-rhamnosyltransferase involved in the formation of N
insertion break points for the SPs such that a codominant genotype can be T rhamnosylated flavonols, responsive to UV light (Fig. 6C) ° 1
determined from sequence data (Fig. 4B). ‘Tpmi;mmﬁm“ed Bar-Coded Libraries  Chr04: Cysteine-type peptidases (Fig. 6D) | N
|v * Chr06: Protein of unknown function (DUF1278) nearest; a Figure 6. WGAS for Fv/Fm. A) Spatial variation in Fv/Fm measurements in the
4. Multiplexing: Libraries will be multiplexed in sets of 144 (each with a unique bar code) & — ._’_‘ glycosyltransferase is also ~15Kb away (Fig. 6E) field, represented by a contour heat map generated using the Thin Plate
and sequenced with paired 150 bp reads on an lllumina HiSeq. This will provide o Deletion & Ineertion Spline function in R. B) Q/Q plot for Fv/Fm associations. C-E) Manhattan plots

approximately 10X depth per target. depicting significant associations (circled) for Chr 3, 4, and 8 in P. trichocarpa.

Future research

Figure 4. Genotyping for SP discovery using high -
throughput sequencing. A) dual barcoding system;
B) sequence-capture probe design assay.

5. Non-coding regions: We will capture a large number of non-coding sequences evenly
spread across the genome to enable comparison of the performance of random SNP
to selected SPs in explaining variance in heterosis in breeding populations.

1. Extensive phenotyping, including chlorophyll fluorescence, gas exchange as a function of temperature, leaf area, specific leaf mass, stomatal
density, and height/DBH.

2. Indel discovery in the hybrid and backcross populations; assessment of different software methods for detection.

3. Optimizing bait-capture probe design for indel genotyping. These will then be used in conjunction with with high-throughput DNA library
production to efficiently generate SP genotype data for all study populations.

4. Developing genomic selection models to assess whether SPs could be used to accelerate breeding beyond what could be achieved by randomly-
selected SNP polymorphisms.
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polymorphisms, and calculate genotype likelihoods. We will then use BEAGLE to perform genotype imputation.
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