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Table 1 Statistical analysis of phenotypic traits of poplar hybrid populations
EZN IAZJER
PR A3 2% Parents F, populations
Traits Condiion  prorgs @18k ML BOKH M 5 R Atk e
Danhong Tongliao1 min max mean Coefficient of variation norm test W  Heritability
4z % High N 25.2* 7.8 10.0 248 184 0.15 0.99
. 0.72
Ground diameter/mm o | ow N 24.1% 6.2 67 227 156 0.18 0.99
- % High N 350.0%* 126.7 1480 365.0 293.6 0.13 0.96
R 0.70
Plant height/cm K% LowN  335.6** 97.0 1420 366.7 269.4 0.17 0.98 ’
S % High N 288.3** 13.6 20.8 3045 1467 0.40 0.97
o 0.70
Stem biomass/g & Low N 244 9% 7.3 17.8 2539 108.9 0.42 0.97

e ¥, DRI AL S ¥ 2 [8] ) 22 57K PP < 0.05 A1 P < 0.01
Notes: *, ** significant difference between two parents' levels of P < 0.05 and P < 0.01, respectively
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) 364 A~ Jk DK 7 RN B A I A5 2% 78 1Y) 138 A~ FE A
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0.987. 0.990., sBLUP f7 X} Hufs . ki 2/
Yy ) TR0 P HER %53 14 0.544 . 0.803. 0.829,
25 UL B gBLUP i 285 SR i M 4230 F 1, M
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Fig. 3 Comparative analysis of prediction accuracy
of phenotypic traits breeding value under high
nitrogen environment calculated by different models

cBLUP il 2% 5 iy MR MBI

364 4~ 3k A Ay 0 {E TBV Al cBLUP,
gBLUP . sBLUP i3 1Az iy ¥ (E /351 K 17.91,
17.94, 18.28. 18.08; thinmyIAME 5N 292.28
293.75. 297.28. 293.68; ZE LYt Ay (E 43 B
1 144.61. 144.61. 144.61. 14461 (£ 2), 44
SRULH 3 AN BT %) B A r A AL Y 1)
18 22 S8/, WL {E TBV #l cBLUP. gBLUP.
sBLUP I 5 Y Hb 42 19 J5 22 73 Jill 4 2.96. 0.42,
290, 1.76; k= Jr 247 5~ 69.89, 23.05.
59.80. 40.59; ZE’EWar iyl 2 7 5 A 58.45.
19.49, 58.45, 42.89 (£ 2). it M HLE
8T, ATLUE 1 cBLUP FEASTHE ) Ty 22 (EH /N T
S 7 2508
24 REFETHNEME

PRI TR — I R AT, ZIRBE Z
RV AFRE , TEARF BB 5 R AR
IEFEE A REN. K4 PR, cBLUP #R
SHIRAESAE T BIHAR | Bk RIZE A 9y A 000 ) o
%43 5k 0.108. 0.052. 0.055; gBLUP & #1
I B vE AR R 4> 5 0.985. 0.991. 0.990;
sBLUP BRI e £ 73 51 0.574, 0.590., 0.777.

364 AN LEEULNIE TBV Fl cBLUP. gBLUP.
sBLUP i1 55 #h 4% (1) 21 {E 73 %1 -y 16.23. 16.24
15.81. 15.98; Kk &5 [ ¥ (i 4> 9 K 277.54.
277.68. 273.78. 275.49; XYM K
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Table 2 Statistical analysis of observed value and breeding value under a high nitrogen environment

RN H A B Ji%E e/ MHE RKAE w5 U B P i
Traits Model Mean SD Min Max Skew Kurtosis SE
TBV 17.91 2.96 7.84 25.19 -0.13 -0.03 0.16
W mm cBLUP 17.94 0.42 16.96 18.86 0.06 -0.55 0.03
Ground diameter gBLUP 18.28 2.90 7.84 25.19 -0.21 0.34 0.20
sBLUP 18.08 1.76 13.60 24.55 0.11 0.25 0.12
TBV 292.28 69.89 126.67 1131.67 7.7 79.70 3.77
L cBLUP 293.75 23.05 251.53 571.89 8.28 98.29 1.59
HE/em
Plant height gBLUP 297.28 59.80 169.55 896.01 6.71 61.19 413
sBLUP 293.68 40.59 250.34 675.52 7.90 70.27 2.80
TBV 144.61 58.45 13.60 304.53 0.52 -0.09 4.03
cBLUP 144.61 19.49 91.55 203.39 0.45 0.00 1.35
EEY) R
Stem biomess gBLUP 144.61 58.45 13.60 304.53 0.52 -0.09 4.03
sBLUP 144.61 42.89 72.41 347.31 1.01 1.88 2.96

T 364N AR B LL A 45 R . TBV AW, cBLUP. gBLUP. sBLUPZ)»HI A3/ MR 5 ) & FifE
Notes: Data comparison results of 364 genotypes. TBV is the observed value, and cBLUP, gBLUP, and sBLUP are the breeding values

calculated by the three models
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Fig. 4 Comparative analysis of prediction accuracy
of phenotypic traits breeding value under low
nitrogen environment calculated by different models
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Table 3 Statistical analysis of observed value and breeding value under a low nitrogen environment

TN il Bl JiE /M IEON: | w3 U B FrifEiR
Traits Model Mean SD Min Max Skew Kurtosis SE
TBV 16.23 3.31 2.40 25.33 -0.48 0.91 0.18
W /mm cBLUP 16.24 0.35 15.38 17.07 0.01 -0.84 0.02
Ground diameter gBLUP 15.81 1.92 8.99 22.56 -0.35 1.28 0.13
sBLUP 15.98 2.14 8.52 20.15 -0.74 0.71 0.15
TBV 277.54 48.32 97.00 376.67 -0.75 0.61 2.61
L cBLUP 277.68 2.50 272.23 282.76 0.01 -1.05 0.17
HRE/em
Plant height gBLUP 273.78 22.32 184.10 330.00 -0.62 1.11 1.54
sBLUP 275.49 29.42 189.11 339.51 -0.56 0.03 2.03
TBV 109.01 46.59 7.33 253.87 0.56 0.35 3.22
cBLUP 109.01 2.55 104.25 113.60 -0.02 -1.44 0.18
EXAR/Els]
Stem biomess gBLUP 109.01 46.59 7.33 253.87 0.56 0.35 3.22
sBLUP 109.01 35.00 54.38 253.55 0.77 0.93 242

T 364N R B A LR S SR . TBVONALINE,, cBLUP. gBLUP. sBLUP%» I 3N 51 & P {E
Notes: Data comparison results of 364 genotypes. TBV is the observed value, and cBLUP, gBLUP, and sBLUP are the breeding values

calculated by the three models
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o
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150 -
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RS T 22t
Stem biomass in low nitrogen/g

300

RS T 22
Stem biomass in high nitrogen/g

e DRARMRERSE, TRRIGHA, MRRBURRR, V&R
FAE AU, EEEERERFRSEASN T AR MNEL, 6
HELRFRAR B R 2R Y i B (H LR

Notes: 1 represents a low-nitrogen and high-efficiency type, Il

represents a double high-efficiency type, Ill, a double low-efficiency
type, and IV represents high nitrogen and high-efficiency type. The
blue line represents the mean of stem biomass under high nitrogen
conditions, and the green line represents the mean of stem biomass
under low nitrogen conditions

5 FMAZLEYENSRZHERNAMELER
Fig. 5 The types of nitrogen use efficiency of hybrid
populations were divided by stem biomass.
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o, PAFEEHEAMFEFRMEST, RAMPEE K
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DL BOFRATT R0 A 35k PR AR e A O e AU (1Y)
L B S R R N R SN I ML N R (e =1
AL, e T HE MR, X cBLUP. gBLUP,
SBLUP = Flt 13 M A5 760 %) o o 1 225 SR AT T EL A 4
BT o gBLUP S A 4 32 U PR 3000 455 SR o5 o 422 3
F 1. sBLUP fil il &5 S /4 #E 6 ¥ 0 [H 2
0.5~0.9, cBLUP FilZs Ry esf /N T 0.2,
I8 45 T F W gBLUP 455 8 350 114 285 SR 45 A v g
CBLUP TR (1% 25 5 £ 22 o B PR 2 e A 28 2 TG Al T
W (gBLUP) FETHAE MR [ HAA RS, i HAEXS
e B2 MR P SROING B 1A vmr, PRI & R el
N HEIMA R LT TAE

T A O B D R TR LA | e A s
TAEMBAFART D, = PR SR e 2 FE DY
KBNS E5Y S0 Mo R 5 B8 I 38 o K b
JRR RGOk, TEREMIEN T, B E
FRE VAT PN T TAE B e e finl &, HAKE
e AN B, BT gBLUP IR B AMEH
HERR, RICASIFSE 38R T gBLUP 1143 502 4
SRR F MEDEAT TR L EMm AL TR, 4
PR AGR A P o 3, DA o8 i e
AL 2SR Fo AR 20l 4 Fh2k
R, AAERGE R . AR RO RS R
AR . Hop XU sk R g T A A e A 26
R, HT 20 20T IR R AR R 4538, W 16-
1-16. 16-1-194. 13-116. 13-73, 13-481, 13-
268, 13-286. 13-566. 13-173. 13-578, 16-1-
65. 13-242. 16-1-189. 13-40, 13-608. 16-1-
170, 16-1-22, 13-237., 13-272, 13-335, Hfl
(B T AN e BhFR AT S8 T e, B
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Genomic Selection of Seedling Growth Traits in a
Poplar Hybrid Population

DU Chang-jian', ZHANG Min', ZHOU Xing-lu', ZHANG Lei"?, HU Jian-jun'?

(1. Research Institute of Forestry, Chinese Academy of Forestry, State Key Laboratory of Tree Genetics and Breeding, Key
Laboratory of Tree Breeding and Cultivation of National Forestry and Grassland Administration, Beijing, 100091 China; 2. Co-
Innovation Center for Sustainable Forestry in Southern China, Nanjing Forestry University, Nanjing 210037, Jiangsu, China)

Abstract: [Objective] To study the genomic selection of poplar growth traits and complete early selection.
[Method] The female parent Populus deltoides ‘Danhong’, the male parent Populus simonii ‘Tongliao 1°,
and 362 F, generations were used to determine the growth traits (ground diameter, plant height, and stem
biomass) under treatments with fertilization and no fertilization in the field. Three genome-wide selection
models, gBLUP, sBLUP, cBLUP, and phenotypic observations of 364 clones were used to predict breed-
ing values for 502 genotypes. [Results] The stem biomass of ‘Danhong’ increased by 20 times and 33
times compared to ‘Tongliao 1’ under high- and low-nitrogen conditions, respectively. The accuracy of gB-
LUP prediction for growth traits was close to 1, the accuracy of sBLUP prediction ranged from 0.5 to 0.9,
and the accuracy of cBLUP prediction was less than 0.2. The results showed that the gBLUP model pre-
dicted the best and the cBLUP predicted the worst. The hybrid population based on the breeding values of
stem biomass calculated from the gBLUP model could be classified into four types: double high-efficiency
type, double low-efficiency type, low nitrogen high-efficiency type, and high nitrogen high-efficiency type.
The excellent clones 16-1-16, 16-1-194, 13 - 116,13 - 73, 13-481, 13-268, 13-286, 13-566, 13-173, 13-578,
16-1-65, 13-242, 16-1-189, 13-40, 13-608, 16-1-170, 16-1-22, 13-237, 13-272, and 13-335 were identified.
[Conclusion] There are significant differences in growth phenotypic traits between ‘Danhong’ and ‘Tongliao
1’. The results help us complete the early selection of poplar breeding work, reduce the cost of phenotype
determination, and improve breeding efficiency.

Keywords: Poplar; growth trait; genomic selection; gBLUP; nitrogen fertilizer
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