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The results of the rooting experiment are shown in Table 3.

Transferring the rooting shoots into vermiculite substratum, fertilized with 0.19% Hyponex solt
developed healthy roots and good growths of plantlets (Fig. 3). Afterwards, plantlets were transplanted ..
plastic pots and acclimated successfully under conditions described previously (Fig.4). In another ex;
ment, successful acclimatizations of plantlets were obtained by transplanting the rooted shoots directly
pots inside the growth cabinet, omitting the previous phase for root developments and growths of shoo:
flasks containing vermiculite substratum kept under culture-room conditions. This method may reduce
period necessary for outplanting.

The potential benefits in the use of clonal planting stock in reforestation programs have long b
recognized (8). However, most often, the feasibility of clonal stocks production by micropropagation -
is associated with mass production at competitive prices (3). Whenever vegetative propagation is poss:'".-
economically, it generally is preferred to sexual propagation because genetic characteristics are mainta:
better (2).

Even though vegetative propagation of jacaranda is feasible, to date, a suitable method for mass pro-
tion has not been found.

In these experiments, the possibility of rapid clonal production by micropropagation of jacaranda
proven by the culturing of the shoot-tips of seedlings. However, the feasibility of micropropagation b
culture of mature stages remain to be determined.
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% b An Application of a Best Linear Prediction to Clonal Tests

of Sugi (Cryptomeria japonica)
in the Northern Kanto Region*

Susumu KURINOBU** and Tomiyasu MIYAURA**

1. Introduction

To develop an appropriate and robust system for the analysis of large progeny testing data is one of the
essential subjects in promoting operational tree improvement programs efficiently, because it will provide
plus tree rankings based on field tests for the purpose of roguing seed orchards and choosing parents for the
second generation breeding population. However, the conventional methods of standardized score or least
squares are much limited in their applicabilities and flexibilities in practical situations, because an unbalance
of available data in traits or ages, differences in testing frequencies among plus trees, and heterogeneities
of variances or precisions among tests are frequently met in operational tree-improvement programs (2, 7).
A Best Linear Prediction (BLP) developed by animal breeders (4) seems to be more flexible and robust
in treating such situations (6). WHITE and HODGE modified this procedure to make it applicable to progeny
tests in forestry (7), and it was put into practice in some of the forest tree-improvement programs in the
United States recently (5, 6).

In this paper, the application of BLP to operational clonal tests of sugi (Cryptomeria japonica) in Japan
is presented. Although the basic method used here is the same as that outlined by WHITE and HODGE (7),
we determine Type B correlations (1) by using the relative size of clonal variances and those of site X clone
interactions instead of estimating the correlations directly in order to process a large quantity of data more
efficiently.

II. Materials and Methods

Data used in this study are from 45 clonal tests established from 1970 to 1985 in the northern Kanto Region
(Table 1). As the data used to calculate BLP are the latest measurements in each test, they differ in ages
or traits because of the differences in their years of establishment and intensities of measurements. The traits
analyzed by BLP are height, stem straightness, and survival rate at fifteen years of age. The data on
diameter at breast height and crookedness of stem bottom were added to increase the precisions of the
predictions. Data on stem straightness and crookedness of stem bottom were expressed by scores of from
1 (extremely crooked) to 5 (very straight) and were available only in 10 and 15 years’ measurements. The
clonal tests were made with randomized complete block designs of two to four, mostly three, replications.

The method of calculating BLP with progeny test data was described in detail by WHITE and HODGE. The
principal assumptions of a BLP is that the second moments used as elements of V, the matrices of variances
and covariances among observations, and C, a matrix of covariances between the observations and the
genetic values to be predicted, are known (7). Once the elements of these matrices are specified, the BLP
of every parent in the tests can be calculated with the maximum use of available data, and their precisions
of predictions will be reflected in the rankings of the BLPs. In clonal tests of sugi however, the elements of
the matrices should be estimated directly from the data, because no estimates are available for this species.
The procedure for calculating a BLP in this study is composed of the following four steps;

1) Analysis of data on each trait in each test,

2) Overall analysis across multiple tests to estimate variance and covariance components of each trait,
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Table 1. Data of clonal tests used in this study

Test No. of Traits Test No. of Traits Test No. of Traits
code clone H D SB ST SV code clone H D SB ST SV code clone H D SB ST SV
212 14 0 10 — — 10 241 13 15 15 15 15 15 426* 11 15 15 15 15 15
213 14 0 10 — — 10 242 13 0 10 — — 10 427 52 10 10 10 10 10
214 9 09 100 — — 10 243 12 10 10 — — 10 428 11 10 10 10 10 10
215 18 5 15 — — 15 244 14 10 10 10 10 10 432 51 16 10 10 10 10
216 14 5 15 — — 10 393* 84 15 15 15 15 15 1426 15 00 10 — - 5
217 12 5 15 — — 15 403* 28 15 15 15 15 15 1428 15 0 10 — — 10
218 15 0 100 — — 10 404* 32 15 15 15 15 15 1430 9 5 — - - 5
219 11 0 10 — — 10 405 13 5 15 15 15 15 1431 8 5 — - - 5
220 12 0 10 — — 10 406* 31 15 15 15 15 15 1432 7 5 — — — 5
221 12 0 100 — — 10 407 12 0 10 — — 10 1433 8 5 — - = 5
222 11 0 160 — — = 411 47 0 10 — — 10 1440 21 0 10 — — 10
227 17 5 15 — — 15 419* 11 15 15 15 15 15 1491 12 15 15 15 15 15
230 21 5 — — — 10 422* 11 15 15 15 15 15 1535 10 10 10 10 10 10
233 21 0 - - — 10 423 53 15 15 10 10 15 1787 38 5 — — — 5
240 12 15 15 15 15 15 425 11 15 15 — 10 15 1792 27 5 — - — 5

Notes: Symbols for the traits are H, Height; D, Diameter at breast height; SB, Crookedness of stem bottom; ST, Straightness
of stem and SV, Survival rate. Numbers in the table show the age of measurements.
*Denotes the tests used for overall analysis.

3) Construction of ¥V and C matrices for each clone to calculate the BLP,

4) Calculate the BLP for each clone.
As the purpose of this paper is to present the method of application of BLP to clonal tests, the term “genetic”
used in the referenced papers (6~8&8) is replaced with “clonal” in this paper.

Conventional two-way analyses of variances using plot means (y) were made on every trait in each test
in order to estimate phenotypic variances of clonal means (Vp) and clonal variances (V¢”). A linear model
for a measured trait in each test is as follows,

Yie=p+ B+ rat e (1)
where, u, A population mean in respective test; 8;, Fixed effect of jth replication; y., Random effect of kth
clone with E(yx)=0, Var(y.)= 6¢”% &x, Random plot error of v with E(g)=0, Var(eu)= 65°.

Least square estimates of y. are used as elements of data vector (), because some of the tests have missing
plots. Then the estimates of the clonal variances were adjusted according to the size of their standard errors
by using the following formula,

Ve=[Vc"+ b Vp-w/Q+w)]/[1+ w/(1+w)] (2)
where & is the regression coefficient of clonal variance to the phenotypic variance on each trait, and w is
a ratio of standard error to the estimate of clonal variance on a trait in each test.

Overall analyses of variances and covariances were made using plot means of seven tests of which
complete data on twelve traits were available (Table 2). A linear model for the analysis is (3):

Yp=pt+aitafi;+yetayntcin (3)

where, g, A population mean across the tests; «;, Fixed effect of ith test ; af;;, Fixed effect of jth replication
in ith test; yx, Random effect of kth clone with E(y,) =0, Var(y,) = 6.2 ; ay:x, Random effect of interaction
between site 7 and clone & with E(ay;.) =0, Var(ays) =05 ; &z Random plot error of y;;; with E(eye) =
0, Var(e;) = 0,2

From the results of this analysis, the clonal variances of twelve traits ( V¢) and clonal correlations (7.)
between two traits of all possible pairs were calculated directly. Then the degrees of freedom and the sums
of squares or sums of cross products for clones and those for site X clones interactions were pooled to
estimate phenotypic correlations of clonal means among the traits (#,). In this study, #,.; between traits ¢
and j is obtained by;

7 =SCP(c+s¢)u/[SS(c+sc):*SS(c+s¢);]'* (4)
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Table 2. Analysis of variances for seven clonal Vbue Chism Ceums Ceupn
tests using plot means V= Chisir Voan CCimn CCiim
Ceywr Ceisirs VO, Chiju
Source df. Expected mean squares Ceumeo Cenm Chone Voo
Site 6 —
Replication/Site 13 — Fig. 1. A schematic notation of variances and
Clone 9%  0p,°+2.89 6,2 +5.95 o covariances in V and C for traits / and j
Site X Clone 105  0,2+2.79 o2 observed in tests 2 and [
Experimental error 370 oyt Notes: Vp and Cp are phenotypic variances and covari-
ances of family means, respectively; Cc are clonal covari-
Notes: ¢,?, 052 are o2 are variances of plot errors, site X ances.

clone interactions, and clones, respectively. Analyses of
covariances were made using the same coefficients for
each component of covariances.

where SS and SCP are pooled sums of squares and sums of cross products, respectively.

As the plus trees tried in the clonal tests might be unrelated to each other, ¥V and € matrices can be set
up for each clone separately (7). Although the sizes of the matrices were different among clones due to the
differences in their tested frequencies, all types of elements used in the ¥V matrix are represented as in
Fig. 1. In obtaining the elements of V, we made two assumptions. First, phenotypic correlations within the
tests (7,) are constant for all tests. Second, the relative ratio of site X clone interaction variances to clonal
variances (7.) is constant in any pair of the tests. Thus 7. was determined by,

Vsc= VC/VC,: 552/(6c2+ Uscz) (5 )
where V¢ and V¢ are the estimates obtained from overall analyses.

With the two assumptions, all elements in V can be specified by using estimates of #, 7, and 7. and
variances of Vp and V¢', of which the former are obtained by overall analyses, and the latter from single
site analyses. Diagonal elements of V matrices (Vp) are the phenotypic variances of clone means in each
test, and off-diagonal elements are obtained by;

Chos=rpi*[ Vi Vp,;]'2 (6)
Cci=vei* [(7seis Vi)« (e V]2 (7)
Cp;; is the off-diagonal element of the sub-matrix of the same test in V and generally is called the Type A
covariance (I). Cc; is the remaining off-diagonal element in V and they are the product of clonal correla-
tions and geometric means of the two corresponding clonal variances discounted by the magnitude of the
site X clone interaction. Cc,, is regarded as a Type B covariance (I).
Elements of C, which are the covariances between clonal values and the data, are calculated as (8);
Ceu= Tcu'[ Ve, '(Tsci' VC’;‘)]U2 ( 8 )
where Cc;, 7; and V¢, are covariance between the clonal values of target trait ¢ and trait 7, clonal
correlation between target traits ¢ and 7, and clonal variance of target trait ¢, respectively. Because the
target traits are the three measured traits in this study, 7., and V¢, are the parameters estimated in overall
analyses.
The BLP for each clone (¢) is calculated by solving the following formula (7),
c=C"-Vy (9)
If the number of available data is #, the size of C’, V' and y are 3 X #, » X #,and n X 1, respectively. Then
the vector of the predicted value for target trait (c) will become 3 X 1 in size. The correlations between the
predicted and true clonal values are calculated as (8);
Corr(c,c)=[(C"- V' - C)/Vc, ] (10)

M. Results

A conventional two-way analysis of variance in each test showed that the ratio of clonal variance (V¢”)
to the phenotypic variance of clonal means (V) for height, diameter, crookedness of stem bottom, stem
straightness, and survival rate were 0.59, 0.60, 0.38, 0.53 and 0.66, respectively. Figure 2 shows the
distribution of Ve¢” and V¢’ of height. White dots are V¢”, and black dots are V¢’ which were adjusted by
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Formula (2). The amount of shrinkage toward the
regression line is greater for the dots scattered
below the regression line. This is probably because
their standard errors are much larger than those
above the regression line. Thus the tests having
excessive estimates of clonal variances might be
adjusted appropriately when they are used for
BLP.

Variance component estimates on height, diame-
ter, and survival rate seems to be accurate enough
to be used for BLPs as can be seen from their
smaller rates of standard errors, whereas the esti-
mates for stem form traits are not so reliable
(Table 3). The magnitude of site X clone interac-
tion variance is smallest in height, followed by
diameter and survival, whereas the magnitude of
the stem form traits are nearly the same sizes as
their clonal variance components except for the 10
years’ crookedness of stem bottom. This may be
due to possible inconsistencies of criteria among

Table 3. Variance components of 12 traits estimated by analyses of variances across seven clonal tests

Type of Traits

variances H5 SV5 H10 D10 SB10 ST  SVI0 H15 D15 SB15  ST15  SVI5
ol 0.058 0.399 0.212 0.595 0.008 0.010 0.529 0.624 1.497 0.041 0.042 0.510

SD(s:?) 0.011 0.090 0.043 0.134 0.004 0.006 0.114 0.130 0.313 0.016 0.018 0.120
o’ 0.017 0.207 0.060 0.294 0.000 0.009 0.237 0.165 0.658 0.034 0.060 0.324
Ysc 0.776 0.659 0.778 0.670 1.00 0.527 0.690 0.790 0.695 0.534 0.412 0.611

Notes: SD (¢.?) is the standard errors of the estimate of clonal variance. 7, in calculated as ¢.%/(62+ 65.%). Figures attached
on the right hand side of the symbols denote the ages of the measurements of each trait.

observers in standardizations of the assessments of those traits.

Almost all of the phenotypic or clonal correlations among the twelve traits were positive except for that
of crookednesses of stem bottoms and stem straightnesses at ten years’ measurement (Table 4). Clonal
correlations among the growth traits of different ages and those of survival rates exceeded 0.9. The
phenotypic correlations between growth traits and stem straightnesses were less than 0.5, whereas clonal
correlations were moderately large at 0.6.

The data of 45 clonal tests enabled us to predict clonal values of 190 plus tree clones on the three traits
by BLP (Table 5). Although the amount of data per clone was 18.6 on the average, it varied from 2 to 108.
Thus the precision of the predictions varies considerably with the amount of available data per clone
(Fig. 3).

IV. Discussion

The precisions of the predictions as revealed by correlations between predicted values and true clonal
values are the greatest for height, followed by survival, and smallest for stem straightness (Table 5). This
order of precision is the same as in 7., the relative rate of Ve to V¢'. For stem straightness, direct
measurements were available only for 113 plus trees. The precision of a prediction might mainly depend on
the size of 7, but it is modified by the size of data for a trait used for the prediction.
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Table 4. Correlations among 12 traits used for BLPs

Trait 1 2 3 4 5 6 7 8 9 10 11 12
1 H5 - 0.175 0.872 0.780 0.065 0.232 0.262 0.782 0.711 0.309 0.291 0.264
2 SV5 0.273 — 0.129 0.156 0.116 0.149 0.941 0.146 0.179 0.165 0.188 0.895
3 H10 0.945 0.279 - 0.904 0.138 0.362 0.235 0.923 0.882 0.385 0.377 0.248
4 D10 0.864 0.331 0.933 - 0.149 0.342 0.257 0.870 0.943 0.380 0.352 0.277
5 SB10  0.006 0.344 0.089 0.186 — 0.323 0.174 0.160 0.188 0.288 0.274 0.194
6 ST10 0.322 0.362 0.425 0516 —0.01 — 0.248 0.408 0.415 0.617 0.649 0.277
7 SV10 0.393 0.960 0.386 0.479 0.374 0.328 - 0.256 0.304 0.308 0.275 0.969
8 H15 0.928 0.231 1.01 0.950 0.203 0.398 0.339 - 0.895 0.403 0.398 0.270
9 D15 0.807 0.372 0.908 0.994 0.236 0.544 0.506 0.937 — 0.427 0.426 0.328
10 SB15  0.414 0.273 0.544 0.684 0.253 0.940 0.439 0.611 0.714 — 0.627 0.336
11 ST15 0.455 0.419 0.618 0.758 0.027 0.841 0.441 0.658 0.698 0.627 — 0.296

12 SV15 0435 0.956 0.409 0.526 0.261 0.330 0.996 0.339 0.543 0.466 0.490 -

Notes: Values above the diagonal are phenotypic correlations of clonal means (7;), and those below the diagonal are clonal
correlations (7.). The clonal correlation coefficient between H10 and H15 was set to be 1.00 in calculating BLPs.

Table 5. A summary of the results of BLPs

Numbers of data Nos. of Standard deviations  Cgorrelation
Traits Means o
Syr. 10yr. 15yr. clones BLP LS.E. coefficients
Heights (m) 119 409 383 190 6.54 0.562 0.936 0.769
Diameters (cm) 0 397 383 151 8.90 — 1.451 —
Crooks. b. Stems 0 208 258 113 451 — 0.308 —
Stems straight 0 219 258 113 441 0.094 0.332 0.436
Survival rates (%) 112 419 369 190 86.0 4.040 8.910 0.641

Notes: The unit of data is the deviation of each clonal mean from the respective test mean. Values in the columns of mean and
correlation coefficients are the averages of 15 years’ measurements of respective traits and those of correlation coefficients
calculated for each plus tree clone.

One of the desirable properties of a BLP is that it tends to rank the clones with little precision around the
mean, even if the absolute values of the clones in the data vector are large. It enables us to make more
effective selections of plus-tree clones compared with the least-squares method (7). This trend is recognized
clearly in the frequency distributions of the three traits in Fig. 4, in which clones are classified into three
groups, that is no direct measurements, one to four measurements, and more than four measurements. Clones
having more than four measurements are observed in all classes, whereas most of the clones with less than
four measurements fell only into the three middle classes.

Two assumptions used in this study, that is a constant phenotypic correlation and a constant 7 are
prerequisites for treating data with small sample sizes as shown in Table 1. The assumption of constant
phenotypic correlations (7) might be safer than using the estimates obtained in each test, because the
number of clones used in the present tests are too small to get reliable estimates in many instances. The
difference in the sizes of site X clone interactions between pairs of clonal tests was neglected in this analysis
by assuming that the ratio of 7. was constant because the two-way table of test X clone was so sparse that
we could not get reliable covariances between each pair of tests.

With these assumptions, labor to construct V and C matrices was greatly reduced. Because once the
parameters (7, 7., 7sc) were estimated and data vector (y) with their variances (Vp, V¢’) were prepared,
elements of ¥V and C could be obtained by conducting a similar matrix multiplication. In the case of slash
pine (Pinus elliottii) (6), a lot of multiple regression equations were developed to estimate the parameters;
however, proper regression equations always were not detected, especially when the number of traits was
large. The procedure proposed here might be more straightforward and flexible to handle data on many
traits or many different sets of progeny test data.
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Fig. 3.

shown in light gray and white areas.

Acknowledgements

The authors thank Mr. G. KUBOTA, Forest Tree Breeding Institute, Forest Agency for his help in preparing
the initial data set for this study.

(D
(2)
(3)

(4)

Literature cited

BurpoN, R. D. (1977) Genetic correlation as a concept for studying genotype-environment interaction in forest
tree breeding. Silvae Genet. 26 : 168~175.

CoTTERILL, P. P,, CorrELL, R. L. and BoarRDMAN, R. (1983) Methods of estimating the average performance of
families across incomplete open-pollinated progeny tests. Silvae Genet. 32: 28~32.

HarvEY, W. A. (1979) Least squares analysis of data with unequal subclass numbers. U. S. Dept. of Agric.
Res., 157pp, Science and Education Administration, USA.

HEeNnDERSON, C. R. (1984) Applications of linear models in animal breeding. 462pp, University of Guelph, Ontario,
Canada.

La Farcg, T. (1989) Application of best linear prediction to the analysis of five full-sib loblolly pine progeny
tests. Proc. 20th South For. Tree Impr. Conf., Charleston, SC: 315~322.

WHITE, T. L. and Hopcg, G. R. (1988) Best linear prediction of breeding values in a forest tree improvement
program. Theor. Appl. Genet. 76 : 719~727.

WHiITE, T.L. and Hopcg, G.R. (1989) Predicting breeding values with applications in forest tree improvement.
367pp, Kluwer Academic Pub., Dordrecht, Netherlands.

WHitg, T. L. and HobGe, G. R. (1991) Indirect prediction of genetic values. Silvae Genet. 40 : 20~28.

(Received September 9, 1992)



356~360

= H B

I. & L & (2

TE, bAEEBVW T, HROEFRMPLERAND
BEEROABCEAOEMEBER C2RET 12
B, TAVFA LBEBECEFLLTRVLNTET
w3 (1, 4, 10, 11, 13), *OEBBGTE*HERT
2128, §TIZ, A Fav (14), 7zaz¥y (9), A
¥ (18), 7A=Y (2), FaverTav (12), t
¥ (16), #4¥ZEY (ID%E, & X xixHE
TTA VYA LOBETHIBITOR TS,

£Z2AT, *VREIBBT S v T ~(Abies veil-
chii LINDL) 13, BHARBEEORET, &ML UEOHER
LB afmL, ABKET 2V 7 vax 3 (Abies
homolepis SIEB. et Zucc.) b, HABEHOET, KN
DOBE, TEB L UVEEORS FI» 5 Ha llE TR
T THHLTED, YIRGTFHRTYIYoES

EELTWA(17), COEEE, BEEIlEE iR
FERie B2 EBERETLH Y, D, HEEBHERK
FHRTVE () RYERE»SLEELETHS, 2
OWMEOHEREED 7 o - EE, FiEAE, S5XK
RMEFOBGERDOERAL LXAWE1:HDT7 4 Y
FA ADEFEETFOREEITo 72,

VIR DNWTIE, TTRERKG)N, RAKISE
EOMUREEZA T A Y F 4 ADBBETFHITIC
I, TBEELYET 5 TREFED 4 MIEBETF
FHHOMICLTED, AFHETE, HE (5)»RE%E
LT BWABRELZSD, S TERRBEC DV TSN
ETo12, 70 IZONT Y, TEEREIZOWLT
S EIT- 72,

oO. #8 & F &k

VS ROREEMIT 26 A5, VT Yo 2 OBESII
TAEABENFNBEEINTVLE(3), FD5 b, V5

J. Jpn. For. Soc. 75(4)'93

OSRELUVIOOTIDOTA /YA LOERIE

« & 77 IE B

N8 v U=, YSYOEIE M IO -,
HETHAETE L > ¥ —REFEEEN O HEE I E£E
EhTwn3,

e, FORERCEBINTOUIERB I o—
VDI, YINIFIT ru—rhs, YIVDEIR
Bbrzuo—rhsZnZRERE NI HARERETFO
MM AL R T, BRSO RS 7
o—F, MELBRAML BRI NZLDT, ¥
S, Il 7a—rRFEN®S, o6 7 o—>
HURERDS, I YO E IR, 9 70— HBHEAR
Whs, o6 7 o—rREFERLS, ZhehE
RanrzbDTH b, B, BFEDOMELEBEE (B
) BEEABTEL 2 BREROEEEER (n) T
HY, BEROMEEEREE AU AIRRRAT
BLTHTAVYA LOBEFXE*BHCHAET S
ZENTED (6),

BFRERICHT S 2 TSCOBTIRENCRE
Lize 74V ¥4 LSHOFINE L LT, £COBIRE
BUEEH 14 ABT 05, BTotREEs
FERS EERICAE L 7o

TAYFA LGOI B, i, XV 77T 3
FYMCE 2ESRENS & UREIZ, BE (7, 8) D
FRICIZIZHE- oo 05T, 11,000Xg, 0°CT 30
ST 72,

SRL-BRREE, YIEYSYuEI LB,
v I BB kERRE (ShDH), 7V 2V v BBk ER
# (G2DH), Vv IEBi/kREER (MDH), 6-KA K
7N Bk EREE (6PGD), F vy 3 vEBIkE
% (GDH), 7AXS ¥ BT 3/ &8EXK (GOT)
BLU7~5—¥ (FM) O TEEETH 3,

Ny FOBBRENAEHL L 2 2 FAOEAID 51
Fan2H8L 1:1) tOFEHREE Yy REC X
DiFotee, B, ALY E (B 98T 2RKRH0
ZoktbH BEEIE, FEEOREEITY, RKRM

* Masuo MIYATA and Masatoshi UBUKATA : Inheritance of isozyme variants in shirabe (Abies veitchii LINDL.) and

urajiromomi (Abies homolepis SIEB. et ZUCC.)
AEFFED—EBiLE 103 AEAKFRRSTOREERL 2,
¥ HARERE > ¥ — For. Tree Breed. Inst.,, Mito 310

ik LOREEY ¥ —LEBEERESE  Hokkaido Breed. Office, For. Tree Breed. Inst., Ebetsu 069



