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Criteria for comparing PSI efficiency vs GSI efficiency
Besides Equation (8), we used two additional criteria to compare the efficiency of PSI vs GSI.
The first criterion was based on the average of the top 10% of the estimators of the PSI,
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PSI E =  bˆqp q , and GSI E   wq γˆ lq values (both vectors of size g  1 ), where b̂q is the qth

ˆ Pˆ 1  [bˆ1 bˆ2  bˆt ] ( b̂ is an estimator of b  P 1Cw ) and p q is a
element of vector bˆ   wC
g  1 vector of the qth trait’s phenotypic values; GSI E was defined in Equation (6). From the

PSI E and GSI E values, we obtained the percentage of change in the predicted values of the net

genetic merit ( H  wa ) from one cycle to the next using the formulae:
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where PSI Ei 1 and GSI Ei 1 denote the average of the top 10% PSI E and GSI E values in the
( i  1 )th cycle ( i  1,2,  , s , s  number of selection cycles), and PSI Ei and GSI Ei denote the
average of the top 10% PSI E and GSI E values in the ith cycle. Then when  p and g are
positive, the change in the average of the top 10% PSI E and GSI E values from cycle i to cycle
i  1 will be positive; when  p and g are negative, the change in the average of the top 10%

PSI E and GSI E values from cycle i to cycle i  1 will be negative, and when  p and g are

zero, no changes will be observed in the average of the top 10% PSI E and GSI E values from
cycle i to cycle i  1 .
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The second criterion was based on the Technow et al. (2013) inequality which, in the context
of PSI and GSI, can be written as

LGSI 

 H ,GSI
hPSI

 LPSI

(S2)

where LGSI and LPSI denote the time required for GSI and PSI, respectively, to complete one
selection cycle; in the case of maize, GSI requires 1.5 years and PSI requires 4.0 years (Beyene et
al. 2015);  H ,GSI is the correlation or accuracy between GSI and the net genetic merit ( H  wa )

and hPSI is the square root of the heritability of PSI, which can be denoted as hPSI 

bCb
(Lin
bPb

and Allaire 1977). Then, according to Technow et al. (2013), when, in practice, Equation (S2) is
true, GSI will be more efficient than PSI in terms of the units of time, assuming that selection
intensity and variance of index is the same for both PSI and GSI.

Proportion of change in the predicted net genetic merit values
Simulated data

Table S1 contains the average of the top 10% values and the proportion of change in the
predicted net genetic merit values for PSI E and GSI E from cycle 1 to cycle 7 selected with a
selection intensity of k  1.75 . These are the averages of the predicted values of H from the top
10% of individuals, and the average for PSI E is higher than the average for GSI E in each
selection cycle. However, the proportional changes from one cycle to the next of these average
values are higher for GSI E than for PSI E (Table S1). The mean proportion from one cycle to
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the next for PSI and GSI can be presented as a percentage, according to Equation (S1). For
example, the proportional changes (1.02 and 1.21 from cycle 2 to cycle 3) can be expressed as

 p  2 % for PSI and as 21 % for GSI. These results indicated that, on average, GSI was more
efficient than PSI from cycle 2 to cycle 3. In terms of the overall averages of the proportion for
PSI E and GSI E , the average efficiency of GSI was 16% and the average efficiency of PSI was

6%.

Real Data

For data sets 3, 4, 5 and 6, selection was conducted for only one PSI cycle (C0) and three GSI
cycles (C0, C1 and C2) of the base population and three sets of markers (Table 1). We estimated
the selection response per cycles 0, 1 and 2 (Table 3).
In percentages, the average change in the top 10% values for GSI E from cycle 1 to 2 for real
data set 3 is  g  1 , a decrease of 1% (Table S2). However, the overall averages for real data sets
3, 5 and 6 were 8%, 23% and 13%, respectively, and only real data set 4 had a negative increase
of 5%.
Results presented in Tables S1 and S2 indicate that GSI is a better predictor of H  wa than
PSI; for the simulated data set used in this study, GSI was slightly more efficient than PSI (in
terms of the average of the top 10% values for PSI E and GSI E ). In the real data sets, we do not
have information on PSI E except for the training population (cycle 0) but the average values of
GSI E indicated that the average changes from cycle 0 to 1 and from cycle 1 to 2 (Table S2) are

similar to those of the simulated data set (Table S1). These results indicated that the simulated
data sets used in this study mimic the real situation very well.

4 SI

J. J. Ceron‐Rojas et al.

Efficiency of GSI and PSI based on cycle length
Simulated data

Table S3 shows the values of the left-hand side ( LGSI ) and the estimated values of the right-hand
side (

 H ,GSI
hPSI

LPSI ) of the Technow et al. (2013) inequality for seven PSI and GSI selection cycles.

According to these results, GSI is a better method than PSI in terms of unit time needed to select
for the net genetic merit, because in all cycles, the right-hand side of the Technow et al. (2013)
inequality formula was higher than the left-hand side.

Real data

According to the Technow et al. (2013) inequality formula, GSI was more efficient than PSI for
data sets 3, 4, 5 and 6, because the right-hand side of the Technow et al. (2013) inequality
formula was higher than the left-hand side in all data sets (Table S4).
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