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AFEchidna is A R Package for Genetic Evaluation of Plant and Animal
Breeding Datasets
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Abstract Progeny tests play important roles in plant and animal breeding programs, and mixed linear
models are usually performed to estimate variance components of random effects, estimate the fixed effects
(Best Linear Unbiased Estimates, BLUEs) and predict the random effects (Best Linear Unbiased Predictions,
BLUPs) via restricted maximum likehood (REML) methods in progeny test datasets. The current pioneer
software for genetic assessment is ASReml, but it is commercial and expensive. Although there is free software
such as Echidna or the R package sommer, the Echidna syntax is complex and the R package functionality is
limited. Therefore, this study aims to develop a R package named AFEchidna based on Echidna software. The
mixed linear models are conveniently implemented for users through the AFEchidna package to solve variance
components, genetic parameters and the BLUP values of random effects, and the batch analysis of multiple
traits, multiple variance structures and multiple genetic parameters can be also performed, as well as comparison
between different models and genomic BLUP analysis. The AFEchidna package is developed to expand free
genetic assessment software with the expectation that its efficiency could be close to the commercial software.
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Table 1 The summary of listed functions in AFEchidna package

PREA R i g i 5 FH 2
Function Dependent package Description Simple usage
checkPack utils A R KA checkPack()
coef dplyr IE6] 5 S8 AE N AT LSO coef(object)
cchidna  PWEHVEIRGRSINER s iy e o
GenomicRel GeneticsPed A ARIE G R AR GenomicRel(marker,option,ped, )
get.es0.file base HE A esO B2 7 S0 get.es0.file(dat file, es file, --+)
model.comp stats PEATHRERY LA model.comp(object1, object2, LRT)
pin dplyr, msm PR Bt i pin(object, ***)
predict readr PEATAR LT predict(object)
plot dplyr, ggplot2 IR 4] plot(object)
update BT update(object, *-)
Var stringr LRy Var(object)
[E: AFEchidna AR TAARBESE, ARHTRDL.
Note:the AFEchidna package may only be used for academic research and not for commercial use.
=R SR+ R TRCRRER
.es0 .grm, .giv, -

AERE BamN
Var(object) predict(object)
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update(object, )

EHLEE
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& 1 AFEchidna 1 RJIE{TiRE
Figure 1 The running process of AFEchidna package
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Horp, P R SCARRIRIE T, v, Rt £, 0 gERENE
V, R 25, VREAT %, V, RXASRA 01 BEARSEE DL
: E5E s

m/'zgiﬁ;g;%jgi AT AFEchidna 01 ASReml B 1111477 2 43k
W 2 s, ALAEBEA DT 22 V, S5 A J7 2200 1 e

by=pt2xgea FRRER AR BB, R, Ky %

Vy }90.107, BEARTTZE V00 0.190, XAHRAR
_ YETr 25V, ol 0.198, RZETr2E V, } 2.527, HAH
Hoip, by REREFME, gca BEA gty VM (BR TSN HRT KR 1.5
9y, w BRI R R E AR, SE 2 ¥, U0 Uk A B A T 0 T 25 0 i vE P

% 2 AFEchidna #1 ASReml| it A E SN E
Table 2 The estimation of variance components from AFEchidna and ASReml

A J7 2541t Variance components
Software v, V,.se v, V,.se Vi Vse v, V.se
AFEchidna 0.107 0.090 0.190 0.084 0.198 0.086 2.527 0.132
ASReml 0.107 0.090 0.190 0.084 0.198 0.086 2.527 0.132

TE: Voo Vi Vs VoOPFORIXATT 22 BEART 28 AL G REARTAE DT 22 LA AR ZETT 2, se Ron BN TR ROARME DR 25
Note: Vy,, V;, Vi, V, denote thevariance of the block group, the variance of the parent, the variance of theblock group and the
parent interactions, and the error variance, respectively,and se denotes their corresponding standard errors.

% 3 AFEchidna #1 ASRem| i EH)iEE S
Table 3 The estimation of genetic parameters from AFEchidna and ASReml

A #1524 Genetic parameters
Software v, V,.se v, V,.se /s I .se
AFEchidna 0.758 0.336 2914 0.150 0.260 0.110
ASReml 0.758 0.336 2914 0.150 0.260 0.110

e V.o V. B o FORINE 2 . Ry ZERUARREE T, se FoR BN THIR AFREIR2E . Note: .V, , i denote additive

variance, phenotypic variance and single plant heritabilityrespectively, se denotes their correspondin standard errors.
p yp glep yresp Y. p g

x4 BElEREHfETT
Table 4 The estimate of fixed effects
227 N > Sy
I sofvare Fote efo iy e Sangand s
AFEchidna n 1 0.000 0.000
Prov 10 11.512 0.362
Prov 11 9.846 0.228
Prov 12 10.888 0.221
Prov 13 10.292 0.233
ASReml [ 1 11.510 0.362
Prov 10 0.000 0.000
Prov 11 -1.666 0.374
Prov 12 -0.624 0.370
Prov 13 -1.220 0.377

T w. Prov 3B R BAREME AR . Note: u. Prov denote overallmean and seed source, respectively.
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Table 5 The first six female breeding values and their accuracy
B Software  H}AS Female gca gca.se u u.se bv r
170 -0.163 0.343 11.512 0.362 11.185 0.615
191 -0.083 0.340 11.512 0.362 11.347 0.626
192 0.246 0.342 11.512 0.362 12.004 0.619
AFEchidna
196 -0.461 0.307 11.512 0.362 10.591 0.708
197 0.356 0.302 11.512 0.362 12.223 0.720
198 -0.451 0.302 11.512 0.362 10.611 0.721
170 -0.163 0.343 11.510 0.362 11.183 0.615
191 -0.083 0.340 11.510 0.362 11.345 0.626
192 0.246 0.342 11.510 0.362 12.002 0.619
ASReml
196 -0.461 0.307 11.510 0.362 10.589 0.708
197 0.356 0.302 11.510 0.362 12.221 0.720
198 -0.451 0.302 11.510 0.362 10.609 0.721

TE: gea. w70 Fos—BCE I FLEARIGME, se RN AN bRMERRZE, by AR B RME, r FRRUHERTE. Note: gea, u

denote generalfitness and overall mean respectively, se denotes their corresponding standarderror, bv denotes breeding value and

r denotes accuracy.
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Figure 2 Scatter plot of female breeding values from
ASReml and AFEchidna
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Table 6 Significant test for random effects

i BTy LRT fi P fif B
Model LikehoodLog LRT value P value Significant level
gy -934.120 — — —
JG Block -940.640 13.040 0.000 2 ok
JG Female -939.820 11.400 0.000 4 ok
JG BlockFemale -937.890 7.540 0.003 0 ok

e #%x TR P<0.001,** 87 P<0.01, Note: ~ denotes P<0.001,” denotes P<0.01.

R7TETRERBESTHAESEMIHE

Table 7 The estimation of variance components from single trait batch analysis

TEBIN J7 22414 Variance components
Trait v, V,.se v, V,.se Vy V,.se v, V,.se
Fi5r Height 0.107 0.090 0.190 0.084 0.198 0.086 2.527 0.132
4% Diameter 0.167 0.198 0.807 0.415 0.691 0.501 16.881 0.877
A Volume 83.516 76.846 219.220 102.160 164.05 111.470 3731.500 193.670

H: M BEUE RN, XA B TR 1000 f54bEE . Note: due to the relatively small volume values, all values have

been magnified by 1 000.
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