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Analysis of fast-growing and stability characteristics of Betula platyphylla progeny
at multiple locations based on BLUP-GGE biplot

Wen Haoyu Zhang Jie LiHuiyu Gao Caiqiu Wang Chao Zhang Qingzhu
Jiang Jing Liu Guifeng
(Nation Key Laboratory of Forest Tree Genetic Breeding, Northeast Forestry University, Harbin 150040, Heilongjiang, China)

Abstract: [Objective] Through multi-location trials of birch progeny, this paper analyzes their fast-
growing and stability characteristics, selects excellent genotypes, and provides a scientific basis for
renovation and reconstruction of seed orchard. [Method] The study focused on the progeny test forest of 8-
year-old half-sibling families of birch at three experimental sites. Traits such as tree height, DBH, wood
volume, straightness, and survival rate were investigated. The ASReml-R4.0 software package in the R

language was employed to fit a mixed linear model with heterogeneous variance. Breeding values for each
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family at different trial locations were obtained through best linear unbiased prediction (BLUP).
Additionally, a comprehensive evaluation and selection of trial sites and families were conducted using the
GGE biplot method. [Result] (1) In the mixed linear model analysis with location as a fixed effect,
differences in the offsprings of half-sib family lines of birch reached significant levels (P < 0.05, Z ratio >
1.5) for all five traits among locations, among family lines, and among location x family line interactions.
(2) Based on BLUP values of each trait, the GGE biplot revealed that Shangzhi Trial Site had the optimal
discrimination and representativeness. Qing’an and Shangzhi trial sites showed the strongest correlation,
while Yongji was almost uncorrelated with Shangzhi and negatively correlated with Qing’an. (3) Progeny
from birch family 16 and 15 exhibited the best fast-growing characteristics, and family 4 and 32
demonstrated the highest stability. Considering a comprehensive ranking based on stability and fast-growing
characteristics of each family, four excellent families, including family 16, 40, 15, and 38 were selected with
a 20% inclusion rate. [Conclusion] There are significant differences in growth performance of birch half-
sibling families at different trial locations, and growth performance also varies among different families
within the same trial location. The interaction between genotype (family) and environment (site)
significantly influences the growth of birch. Based on comprehensive traits of stability and fast-growing for
each family, family 16, 40, 15, and 38 have been selected as excellent half-sibling families of birch.

Key words: Betula platyphylla; linear mixed model; breeding values; GGE biplot; excellent family selection
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Tab. 1 Environmental overview of each test site
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Tab. 2 Fixed effect analysis of linear mixed models for various traits in half-sib families of birch

PR B H FEAEF IR — p
Trait Effect variable Df Sum of squared difference a
N Hh 55 Site 2 12.14 15.80 3.66 x 107 **
B Tree height )
5% % Residual 0.77
- Hh £ Site 2 129.26 59.49 1.21 x 1071 **
{4 DBH . .
- %2 Residual 2.17
BB Single bl | Hu AT Site 2 16.05 x 107 41.47 9.91 x 10710 **
- ~ Single plant volume N
gep 5% % Residual 3.90x 107
L Straich Hh £ Site 2 32.06 73.68 2.20 x 10716 **
I EJ¥ Straightness ‘ )
- oe 5% Residual 32.06
Hu AR Site 2 0.44 6.71 349 %1072 %
{R17#F Preservation rate ‘
5% 7 Residual 1.77 x 1072

A RRZE R EE (P <0.05); **RI/RZEF L (P <0.01). Notes: * means significant difference at P<0.05 level; ** means extremely significant

difference at P<0.01 level.

®3 BRFRBRRXRFZIEREEESEEBNENS T RBEENITE

Tab.3 Random effect analysis and heritability calculation of linear mixed models for various traits in half-sib families of birch

[E2N BNAR 5 745y B PR iR 7 rati g7
Trait Effect variable Variance component Stand error ratio Heritability/%
X 41 Block 2.76 x 1072 2.45x1072 1.13
W Tree height % % Family 2.56 %1072 0.91 x 1072 2.81% 62.81
Hi 5 x 5K & Site x family 3.83 %1072 1.57 x 1072 2.44%
[X 4 Block 1139 x 1072 9.91 x 1072 1.15
Jl94% DBH K % Family 1.67 x 1072 1.05x 1072 1.59% 59.12
Hhps x K& Site x family 10.27 x 107 4.47 %107 2.30%
[X 41 Block 1.78 x10°° 1.57 x10°° 1.14
kA AN Single plant volume % % Family 9.20x 107 513 x107° 1.79* 51.34
Hi S x K & Site x family 2.06 x 10°° 8.55x 1077 2.41%
X 41 Block 3.16 x 1072 2.69 x 1072 1.17
JBHE ¥ Straightness X % Family 220x% 107 0.14x 1072 1.57* 24.46
Hi x K & Site x family 1.45 x 1072 0.73 x 1072 1.98*
[X 41 Block 0.03 x 1072 0.07 x 1072 0.45
{147 Preservation rate %K % Family 0.44 x 102 0.29 x 1072 1.53% 73.89
A5 x KX & Site x family 0.44 x 1072 0.28 x 1072 1.57*

RN E R B3 (Zratio > 1.5). Notes: * means significant difference at Z ratio > 1.5 level.
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Tab. 4 Results of principal component analysis

JK% Qing’an & Shangzhi 7K Yongji
Al
Factor EROTL FERGR2 L FEHUFT ERS2 & FEH FEES2 &
PC1 PC2 Weight PC1 PC2 Weight PC1 PC2 Weight

P Tree height 0.68 0.12 0.21 0.64 0.67 0.30 0.84 0.27 0.29
fi4% DBH 0.90 0.01 0.25 0.93 —-0.19 0.22 0.96 —-0.10 0.28
HPRAFT Single plant volume 0.98 0.02 0.28 0.96 0.06 0.27 0.99 —-0.03 0.29
JHEJE Straightness 0.27 0.87 0.24 —0.52 0.01 0.14 —0.34 0.71 0.13
{R47-# Preservation rate 0.45 —-0.78 0.02 —-0.35 0.87 0.07 -0.18 -0.71 0.01
R4 Eigenvalue 2.49 1.38 2.57 1.24 2.73 1.09
JTHkER Contribution rate/% 54.84 27.55 56.43 24.85 59.65 21.80

T,
iiiafﬁ/jcomribution rate/% 54.84 82.39 56.43 81.28 59.65 81.45

x5 BRRAERREAFEMEHS
Tab. 5 Ranking of comprehensive breeding values for each experimental site and family line
o JK#2Qing’an %) & Shangzhi 7K % Yongji
Ranking KR SGEEME KA e EME ESA GaEME
Family =~ Comprehensive breeding value Family =~ Comprehensive breeding value Family =~ Comprehensive breeding value

1 13 3.12 16 4.37 17 4.75

2 23 2.71 29 3.40 15 3.94

3 29 2.59 28 3.38 42 3.21

4 19 2.33 13 3.21 14 2.99

5 42 2.18 15 3.20 40 2.87

6 16 2.04 38 3.18 11 2.77

7 4 2.02 40 3.12 31 2.59

8 15 1.91 1 2.56 16 2.45

9 40 1.87 23 2.33 4 2.19

10 32 1.85 5 2.32 38 2.15

11 11 1.68 17 2.19 32 1.80

12 28 1.46 4 2.16 5 1.54

13 38 1.35 19 2.08 29 1.51

14 31 1.19 42 2.02 13 1.41

15 5 1.03 14 1.84 19 1.14

16 1 1.00 31 1.56 23 0.76

17 17 0.66 32 1.56 1 0.75

18 14 0.52 11 0.31 28 0.54
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EENAE S B 1 ER: MEGCZIRE M IRE
PE g o, H 5 T BRI e, 7K (YDIRZ,
PR 22 (QA I J& f e K

BE—25, X 3 AN REE Hh AT 0 A 5% 1 HEAT T
GGE XUk B LA AR B8 b 5 17 12 2 [B] I R BEAEAE N
TR0 A5 TA) I8 A% AH OC R EL, M /N T 90°KT y IEAH
Ky & F RN, T AE S B, 1K T 90 U £t
A HFFLEE R DERY, MESZ) 5K % (QA)

(R D 1 d e, T X SR E 1 AU R R HE T K
PRFAL . 7K (YD 5 & (SZOR IR H 5 LT A A
Ky HRZ(QAFAX, WHS KK RIEAE YD
(R FP 55 AT AN Hh s ) HE P AR ZE R
223 RIS 5

GGE MU P38 i 4 g5 o1 BBl 14 35k DR B A S T Jl—
MNE N, FIHZ 0 A%0 Pl 5 S L, Xt
RIS AT 4. B 2 BoR, 3 AMRIGH S N
T3 e, U B AN R M A 1 2 DR R SR R IR B 4%
PR A R I AR BB 2 7 IR (QADTKAE
U135 285 KRN ARHBXA, H5 13 5%
AL, YW 13 5 K RAE K% QAR I A It s [F]
H, 16 5. 17 X R HIEME(SZOFIKE (YD
Pl WA BRI SVE TR 11 5., 23 SR AN
R XA, Ut B AN 2K 2R LE BT A T AR A
e, T2 AENHEREER ST 4 5 KR E
X EE s A KUK R R

PC2 30.57%

PC1 55.03%
B2 it s e

Fig. 2 Experimental site grouping

224 kA MRFREE WS RRFE
R4 18 MEAMER R 3 MRS EE M
B, 3% R R A M A AR e AT . B3 R
Sk I B2 FR R 3 AN RIS Hh A5 P R B, A
SLFTEA Bt A E R P ME. SN K AR E A
)PS5 IR P 1 R 4R, B B P Y AR bk, K
RAEKBRE: R, BAFRE. OMESERNTE
PEHE MK IR N 4>32>38>40>5>19>1>
42>16>31>15>29>23>13>14>11>28>17.
Kl 3 i 5 RS i 2 B HL R o S Bk
RFBMEAMERIE, ZELU LS R REE
PR T BRI ME, MELU TSR RE LN
RARIE . BREE LU % K R P A R,
Z W FRIRF Rl A RS . (RS R R F A
PEH = EMRAK RN 16> 15> 17 >40>38>29> 13 >
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PC230.57%

-2 -1 0 1 2 3 4
PC1 55.03%

B3 FAMEAEENRE D

Fig. 3 Analysis of fast-growing and stability characteristics of families

42>28>14>4>5>31>1>23>19>32>11,

CRa A VERRS E AT L R X Rk . BAFE
BE-FE A B O, mAME RS, 152305 K R IZR
HHE4, FEES LT ) K R A R e
PEH R IV o KGR MR BN N 16 >
40>15>38>29>42>13>4>5>14>28>3]>
1>19>32>17>23> 11K 3), #BLEHE4 K
JFHT 20% Ni%k, FLik 164 40, 15, 38 52 4 Ml
FHR R X 4N R K RM AR B AL 5 5
10.18%- 13.72% 10.17%- 8.66%, ¥J{E 1 10.86%, #&

FEARIIME(3.519%)1) 3 f5(FK 6.
3 3t i

MRARIEE 2 R A% O 0 B FibEHE vEAR
HigHe. AN NHEMMM R EZEE M HIrZ
—HE SR, EE DM RA K E S A R EVE
M AGE R PR IE R . o 25, R TMBUEKERHR
— MR AR IR M 22, RO 'E 2% 1 Jot B FH IS
PSRRI R s 1 2 IR, @it 2R &5 B2 MR
PIRAUE S, RENE 4 T L PEAN R R BEARR I, M
Pem A PR e AT AT SRR FEIEAT 2 MR R
I, PR 18] W] REAAAE B AR AR ELAE A, HAEAR
BN A R, IR s R R gt i
Jiik. BT, RO RBGE G TTEZ —, B
e v ) 25 B 2R AR B, gl &
RS2 R 52, B2 S AL B R e 1t . s
EREOE R 22 1R S R TR, PN S KRGS
PRI S, R ik O iZ T 2 kR
R TL . Blhn, S0P ME B it 9 4
HE 1) 4 HE (Castanopsis hystrix) 5% 235 56 MK 1) 36 N
PEL T FEME AR TR MRS AT L G0N 5
WEFE . AT B BUE PN 378 43 i 4% (Camellia oleifera)
(1) 15 AN SR SR FEAT 32 oy 0 i Bk B i B sk &

®o6 BMYERTFREEREERLR
Tab. 6 Genetic gain in offsprings of half-sibling families of birch

N (A Phenotypic value BAEHE 3 Genetic gain/%

Fijiy R Jikes R i (7= WE R M8 THEE R
Tree height/m DBH/cm Volume/m® Straightness Preservation rate/% Tree height DBH Volume Straightness Preservation rate

1 7.15 6.31 0.012 1 2.11 48.16 1.59 -2.19 -3.13 —0.05 10.33
4 6.99 6.91 0.0137 2.09 44.52 0.16 329 328 -0.50 0.72
5 7.00 6.38 0.0123 2.13 42.13 0.18 -1.50 -2.25 0.37 —5.61
11 6.91 6.50 0.0123 2.15 47.01 -0.64 —046 -2.39 0.89 7.29
13 7.31 6.71 0.013 8 2.06 48.83 3.00 1.47  3.54 -1.17 12.10
14 6.93 6.62 0.012 8 2.05 4271 —0.45 0.64 —0.26 -1.32 -4.09
15 7.19 7.18 0.0154 2.12 44.68 1.93 5.67 10.17 0.24 1.14
16 7.21 7.15 0.0154 2.12 45.29 2.13 542 10.18 0.18 2.74
17 7.27 6.94 0.0147 2.08 47.23 2.62 353 730 —0.68 7.88
19 7.08 6.66 0.0132 2.14 42.13 0.95 1.02 1.11 0.77 —5.61
23 7.04 6.67 0.013 1 2.13 41.17 0.56 1.09 1.05 0.56 —8.14
28 6.76 7.00 0.013 8 2.13 33.56 -1.99 407  3.56 0.48 —27.52
29 7.25 6.64 0.0135 2.10 49.31 2.48 0.84 229 —-0.34 13.36
31 7.14 6.63 0.0133 2.20 30.55 1.46 0.70  1.55 2.18 —34.69
32 6.95 6.57 0.012 6 2.14 43.28 —0.24 020 -1.24 0.80 —2.57
38 7.18 7.19 0.0151 2.12 51.80 1.86 5.83  8.66 0.21 19.81
40 7.11 7.50 0.0163 2.12 43.28 0.95 8.60 13.72 0.19 0.08
42 7.27 6.92 0.014 4 2.10 44.28 2.63 333 6.11 -0.31 —2.57
) Mean 7.10 6.80 0.013 8 2.12 43.93 1.08 2.31 3.51 0.14 —0.85
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VRN, IO 12 g R AR T s . 2
EEID) 21 ¥ (Pinus koraiensis) 35 A5 To 4 2 02 [F] i
TR EL X HAEKMRIEAT o4, FIHZ
PERGR G PFIMEE BN R X &R AU FUEE T W&
WA MR G ELRE . ORAE AT 3 sy A, 1
PRI EE T AE K TR LA RGE RIPESE T T, 20 PPl AN
[ 1 % K R IR, 2 AN E R4 (PCL A PC2O Y
J5 ZfRRE E 4 L 2 FEE 80% VL _E, W%/ Hréh
HAEEM.

TEMRAR Z s AR08, X 52 1 3% 2R (1) 5 [R5 34
B8 HAE W40 7 57 15 ARG G TR 4 vk B, 32 0m]
0 ELAE AT IR A A CAMMD), 35 [R]85 258 7 i 3 [
3R 85 B AE % M (GGE)RY, 5 AMMI £ %Y 4 Eb,
GGE AN 5 i T HE (R 1Y 5 3R 85 1 LA R, 3
H R T R R RN . B, GGE B8 B ) H
FAUE AT AT, TR M o535 22 R i 3w it
ST . SR, MK 2 SO AR M 2 ok 2, A
WA RIER R AE 54 H T GGE f1 AMMI £
B, W o AR RO R 2 o SR FH e A 4 M Gl T 092
(BLUP) Tl fiti %5 PR & i (A PT ke b3 i i, L s e
) A2 1R 2R B 3B A AR D I 28R R 4, G B
THEB AL R R IR B E i E AT DA S5 b 5
JR T 72« AP A7 A 06 A 2 T AR 5 A B A T 4 o )
IEAN, AT T e 10 A 25 AN 3R FUKS B, Henderson
GPR W TSR E EME, HBE T 2 IR EE,
HAETEA R Persson 5V I, S5 1HE FAMIRE FE
BT AR LG, 256 B FMEXT BRI ZRFA (Pinus sylvestris)
4 TR LA AR 1R 1 340 s 2 AR A v 4D 38 A% A DG M
DRl bk, I 256 & FE AT GGE /0 B e B4
&, RS R M o A0 5R H BLUP-
GGE 75 IR R TARE Hh OB AR AT T RS
AT, FEEUS TR R

SRR, AMCERBRE RN & M. M
R I B SR ARAFEE, TER R LA R AEH A x KR
A2 HAE 2 (8l i 22 R 308 B | 2 357K (Z ratio >
1.5), W AR MRRER R EFFEE, XNLR
KAV IR BB 7 3kht . M. Mfe. s ik e
FARAE I AL JII1E 51.34% ~ 73.89% 2 [A], J& T
W REAR K, RN R BfE, B AR AR AT R
TER FRIKT 28 ak B st AR ], 5 Se e &E: D,
B 5 NI B Al 45 A Ll g, X AT RS AN AR
Ugi 2N NN = pe I S S

GGE XUbn B B AL 7R 3 AR50 1 1 X 40 B
BN MM DK & KR @A R e . 75
RIS VPN T TH, 6T AR R R TR &
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RIFREREAERRENR R K R MERE AR
T A ARG s I PR R 2, AR TEAE TR
K, IR T] R AR R R - ARAE R R
T B A3 SR TR, 22 B R 2 ORI A i R 5
— 5 3 HORE W 5 AN 7T A i e o L R AR
5 PR 2R 8 s A SV B, 5K TR G, i
B E R ANRIEH 5 1K R A B M EHET Kk
AEABL, Ji IR AT 2 R A 10 76 5 K 22 P 6 . A 7
AL FARIE . REE SR AR AR DL S R Y 5 34 85
TERBL — 8. ER RN T H, RIERRES
B AE A R AR E AT S A R4, R
20% N ik, ek th 4 A R R AR = K & (16,
40. 15 1 38), JAF AR 83 % 38 25 24 2 A AR 25 M
M3 1. 16 5H1 15 5K REA R, 11 KR
. 45/ 32 SR Rt E, IEARREHAEE T
R IAHXT — L A5 Z 2SR, 17 5
FRBRAFE, 17 5K RAE M EMR A R &
BHAEHE R RS T, (H R AE K 5 IR AR I
T hRF, GrEEMEHASE —, BEBE 4
20.79%. XA e HT 17 SR FAMEER R, K
I A5 A 2 LG PG 2 R ARG SR 2 ~ 5 C,
TR AR A AE K I BB R R 2 —, B L
AR S 5 e AR A P R A2 A 1 R 2B RN 5 SRR ), gk T
M AR 1 2R KTl B P

4 % #

P KT K% 3 AN e [] P 858 22 o
&, B DR B RN L [R5 A R 1) 22 ELAR G R [
TRERKE EFELmW . AR ARR R
1T A HARHE S, 12 20% M NIE R, iE H 164 40,
157138 5 4 MER KR, LR KR EHERI G L
W28 5 P A E AR LA T R

AW 5¢ i Fl BLUP-GGE Bk & 40 #1325t 7 AC 3
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AT JE 1R IR #E, I N Fh1 I BER 25 25 B AR ARt E 2 2
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