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ROLE OF PHENOTYPIC PLASTICITY IN THE
EXPRESSION OF HYBRID LARCH HETEROSIS

A CASE STUDY USING RANDOM REGRESSION MODELING

| ALEXANDRE MARCHAL!, CARL SCHLICHTING?, REMY GOBIN!, FACUNDO MUNOZ!, FREDERIC
alexandre.marchal@inra.fr VvLLIER?, LUC E. PAQUES?, LEOPOLDO SANCHEZ?
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Introduction Based on the same dataset, we showed
heterosis of breast height circumference

 Hybrid larch (HL) between Larix decidua and Larix kaempferi shows heterosis on fr'?t';%édﬁ'gt%fi?M\évr%%g | g?r;?itxlfn(tigl\l)) was
growth traits (Paques 1989; Baltunis et al. 1998; Paques 2013; Greenwood et al. 2 PP
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*Water availability is known to induce plastic responses in tree ring formation = - Thidd L
(Sanchez-Vargas et al. 2007; Fallour-Rubio et al. 2009; Martinez-Meier et al. 2009; s+
Bryukhanova and Fonti 2013). B e ]
*Question 1: What role does tree ring formation phenotypic plasticity in response TSI -
to water availability play in the expression of hybrid larch heterosis ? s I ‘“’
: i o . . . 5 bisdtitttteed
*Question 2: How do the quantitative genetic parameters of tree ring formation %1 + ~ H - H |
, | change along a water availabllity gradient ? Pos s T e T
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European larch (EL)  Japanese larch (JL) Phenotypic data Environmental data Varying basal Daily P | i
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o " m o2mom oo s The phenotypic data 2 to 3 pits Height spatial s ineach & : ©
SRETEEE were collected in a per site mixed model S S e
| w7 3 18 o diallel trial between i :
a1 9 European larches ®

(EL) and 9 Japa-

nese larches (JL) Takeda et al., 2008
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The trial was set up in 3 ecologically S

contrasted sites in France: Saint-Appolinaire RS SEas 4 Sl balan —
(SA) and Saint-Saud (SS) in 1997 and Peyrat- [ ig;u;ggft Y . Individual > y ?,%dcj e s
le-Chateau (PC) in 2004. o Individual AWCs AWC: available water capacity ) A . . - :
| | _ ¥ b AT ingempolation M LAI: leaf area index N | Ganeretal 1999 declle of REW:
Annual tree rings constitute a unique record of Pits"AWCs X SP > P: precipitations o AR (liner ot i, 1995 D1lrew
! : : effects | | | | | PET: potential evapo-transpiration Ry <@
the trees plastic responses to past climatic 40 50 0 \REW: relative extractable water k o ——
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increment cores from this trial. RN '- i g +rn

Wecg LRTes Microdensitometric profiles (fine variations in Statistical modeling D Fyos= 2 simL(X) 2 L6+ 2 €L (X )€
wood density along increment cores) were | - 3—\ /, Legendre polynomial random regressions  For pure species EL and JL;
extracted and ring years identified.

2 2
Sl / were used to model the reaction norms of ay a0 Caor -+ Caom,

RW

TRET i AT A R ." s _ phe_notypic traits y_(RW, RMD) along the (2 31 ~N(0,(Z,®A)) with =, = CA:m o;il CA?:MA
X-Radiographies from the profiles: ring width (RW) | | = : :oern - environmental gradient x (D1rew). # CA;.M G T
- : 4 3 order m =3 . . : . E g ¥ :
qmmmm SOUEUTIE R 0 AP HSITERE D): = This approach is commonly used in animal  for hybrids HL (Stuber and Cockerham, 1966):
— apy breeding for longitudinal traits such as biar . /
Microdensitometric profiles *~" o P — lactation curves (Schaeffer 2004; Druet et P AT o e
. . i 3 1.0 05 0.0 0.5 1.0 3 Y. | d; |=| Dgrq L1 h ELt [~N(0,(ZE®0.5A
) Ring width: ¢ = x scaled to [-1, 1] al. 2005). Applied to the study of pheno- k3R g g % e (RN
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typic plasticity, it allows the estimation of ay,| \Dewy,| R, Dpry,
Legendre polynomials are shape parameters that can describe
orthogonal on [-1, 1], allowing variance components of complex reaction
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Results and discussion

Right.: RMD on the JL Heritability in pure species breeding Conclusion

) . 5 side Is the most heritable o : ; .
5:\'/2\;\;fn%%fgffg‘;?igﬂrgﬁéi;m'”at'O” (R%) for ., : AR L —— * Hybrid larch heterosis for RW is overall
| ' ) : very low h? though. This * ¢/ ——— expressed In favorable (wet) weather
* The 1% order (intercept + sl_ope) model [ U [ A h? increases slightly with i conditions except in 1 site.
performs very well for RW. Higher orders Direw Direw Dlrew. s T T T :
= E SS SS 0.2 0.4 0.6 0.8 5 . g
increase only a little the R*. : * Increasing water availability allows the
° th I - g P ¥ . . -
Thef 0 ord”er f (mtSICI:Spt Hpnr:y)r ”r'gdrel : : 8 & Below: The additive performances of the 9 JL parents SXPIE€SSION of contrasted genetic per
per OVTS? ‘well 1or o 't% eRZO o f “L  for RMD in pure species breeding (BV) and in formances for RMD, thus increasing
I R e SR hybridization (2GHA). the heritability for this trait.
* The water availability index D1rew explains - . : :
much more variance for RW than the - = ﬁggg:}yﬂp&ﬁ?g%éiﬁeﬁ)’:’/vs a IuTgpeyormante Snu * Although we did not capture complex
simpler index: sum of precipitations from : . | shape variance bparameters in this
May to August (MJJA). : ° * The contrast in performances between #3179 and dp his i P ful hod th
g A . o S I o #3180 more than doubles with increasing Direw. Study, this Is a powertul method that
A fx%"]’“”s mor.et Vf”"“]f’“‘ceOl frr e S Unfavorable conditions (drought: low D1lrew) seem can be applied to any study of reaction
Al OpRE’)OSI ARIEHNTND ' = b to inhibit the expression of the genetic contrasts. norms across a well covered environ-
Above: Average order 3 reaction norms of RW BV 2GHA ;
: A . . mental gradient.
- s & 8 : and RMD along D1rew, for all 3 taxa in all 3 sites.  s- J
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