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Table 1 Purple birch and bifurcated cross combinations and offspring family code
pdliN ey BEA LA T BB AR A MG
Mating designs Female Male Cross combinations Mating design Female Male Cross combinations
71 72 71 x72
L12 75 L12 x 75
72 71 72 x 71
R 71 LCK 71 x LCK 2Rz
ez * s L13 LCK L13 x LCK
Reciprocal crosses LCK 71 LCK x Z1 Simple crossing
73 74 73 x74
L13 L13 /1
74 73 7A x 73 s x EHE
74 71 74 x 71
L12 L [id]
3 2 74 1-28 7A x1-28 - W FRIH
A x/\' 74 e 74 x [IHE
Tester strain Control
74 LCK 74 x LCK LCK RHN el g
74 73 74 x 73

TESRA Zi bl i AR S5 Li WA, 1 AR3RAR S s LCK SRR I ATE, 55 2R HE () J8 — AR R I s ek B ARHE ARl 224 bl 79 5 1-

28 Sy RS RO AR AR

Note: The parent Zi is B. pendula ‘ Purple Rain’ , i on behalf of plant number; Li is B. pendula ‘ Dplecprlicp’ , i in the name of plant number;

LCK is B. pendula, and belong to the same half-sib with B. pendula ‘ Dplecprlicp’ ; B. plptyphylla Suk. is from the Northeast Forestry University campus;

1-28 is the hybrid seed generation( B. platyphylla x B. pendula) .
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Note: (A) A family of different phenotypes of the Betula pendula
‘Purple Rain’ ; (B) A family of different phenotypes of the Betula
pendula ‘ Dplecprlicp’ .
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Fig.2 Betula pendula ‘Purple Rain’ and Betula
pendula ‘ Dplecprlicp’ of hybrid offspring
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Table 2 Significant analysis and genetic parameters of seed weight, seed vigor and seedling height,
diameter-diameter traits in different mating design seed

B aay 5 BE T e b pift MIELR AR S R % ng
gl i I gk Efzi)-a X5 F Sffel PREZE  ARiEDR xﬁ??& © RIS
Mating . Degree of MS Mean Mean Standard ~ Standard  Coefficient of N
. Trait F value L o Herit-ability
designs freedom square value deviation error variation /%
e [T/
G 5 385.59  390.68*  15.88  6.47  0.497 40.74 0.99
Thousand-seed weight/mg
A A
ZQH—$ % 5 2 163.46 63.09 ™ 23.43 16.15 2.928 68.93 0.98
Germination rate/ %
SRR %
Z{Hﬂ%“ v . 5 461.00 23.60 ** 10.37 8.16 2.210 78.69 0.96
Germination potential/%
. REHEE
nr&a Cormination index 5 142.80 70.63 5.68 4.12 0.711 72.54 0.99
Reciprocal
0t
crosses W5/ cm 4 642.53 7.45™ 25.52 12.01 1.201 47.06 0.87
Purple leaf
Height of st
seeding ) - 4 866. 15 7.08 " 49.32 9.48 0.876 19.22 0.86
Green leaf
E-Ju .
Hi14%/cm 4 2.54 9.56 ™ 1.83 0.59 0.059 32.24 0.90
Purple leaf
Ground
diameter 4 4.17 7.08 " 3.76 0.84 0.078 22.34 0.86
Green leaf
TR/ mg N
3 151.84 .33 14.91 3.95 0.496 26.49 0.99
Thousand-seed weight/mg 154.33
AR U
k%? .0 3 354.00 18.88 ** 10.77 7.16 2.165 66.48 0.95
Germination rate/%
L %
&ﬂ:% .0 . 3 117.34 40.20 " 5.57 3.74 0.854 67.15 0.98
Germination potential/ %
ssre
ﬁ%fﬂﬁ . 3 26.01 29.20 ** 2.59 1.82 0.472 70.27 0.97
NEES Germination index
Tester strain L IH- »
Wi/ cm 3 1 653.32 13.39 ™ 30.09 13.40 1.420 44.53 0.93
Purple leaf
Height of st
seeding = 3 1238.71 16.75 ™ 50.05 10. 00 0.857 19.98 0.94
Green leaf
st .
#1428/ cm . 3 11.07 10.94 ™ 3.66 1.20 0.127 32.77 0.91
Purple leaf
Ground
. 2t
diameter 3 12.10 10.26 ** 3.76 1.07 0.092 28.46 0.90
Green leaf
TRLBT R/ mg y
4 49.69 .51 11.40 2.44 0.486 21.40 0.98
Thousand-seed weight/mg 52.51
KR/ %
&?}; .0 4 615.96 26.92 " 19.30 9.15 2.392 47.41 0.96
Germination rate/%
REFRS % -
S FINT IR 4 109.52 .81* 7.97 4.18 1.316 52.47 0.94
AN Germination potential/ % 15.81
Single cross g
and control FUEK 4 47.97  26.02* 5.02 2.56 0.679 51.03 0.96
Germination index
&/ cm
. . 4 323.13 4.77* 39.22 8.53 1.206 21.75 0.79
Height of seeding
2
i 4 3.69 4217 3.37 0.97 0.137 28.82 0.76

Ground diameter

T SR 1 A ROCUL A (24 < Z23) Wi AR CER 0 ST, FU i AR AT S

Note ;: Most of the seedlings of one reciprocal cross (Z4 x Z3) of Betula pendula ‘ Purple Rain’ died and their height ,diameter are not analyzed statis-

tically.
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PASE I HE (Z4) S REAR Y 4 DN INAE R IR &
() 2 3 LUREAT L, DL HEZR Bl 1 - 28 S A0 11X
KA, BIRPI T TR P 1K 2F R 8 LCK IR,
(EH R ZF 3 oAb S 2R R A 8 AR R A
AR R YR OBIA Z4 x 1 - 28 D SR T
bl B 53 b — 4L KR AR . IR A WAl T K 2F
BB R B AU M AR A
BN 52 A R AR 2 {EL 23 3 A 46. 0% (48, 3% |
49.6% 34.6% F121.7% |

H1 T2 MU 75 AR ), AN BT 5 AR M HE
BT T HIRSE (R 4) o 763 MR R 2 AR
M, 37 A T IR A He, U LY x
LCK Z8 522G 77 A 1 38m1AX. IA, £i 2R HE A

T E R, HAER A LY x LCK A58 64,
2.3 ZEZFAEFEBNHE

DLEEMHEREARN) 11 AN Fesc & B
BT SR FIE R St 2 FhR AL (R S) IR 5
AR B, SR HERUCE Y S 2% A SRR B s i) 25
HEFIZRI ) 2 DA IR AR BT IE ad B rh = AR T
I3 MR A S S gt i LU AR AE 9 T
11 1:3 J23:5 280 il £ e Ptk iy 2 % 38 R 42
il 8 F I AN . I, FE Z1 x 22 {458 F
REZR MM 21 72 (5L KR8k PpBb, H A58+
2742 P_B_P_bb .ppB_ ppbb PUZEIL A AL, H I
WA 9:3:3: 1, PR S gkt Hk Ee R 9:7
(F£5) LAmHEEEARN 3 A28 PR LS
K B[R — KR IEH 92 R4 (LCK) 2458 477
A AR, RIS B AR % AU AR S
SIEE AR B 123, 6, 40 240 5 1F 5
FERIBI LA 123, 8tk N 32 2 %358 B LS sk
T il 1 B bR, 3 AL Sy ddbb, 2 [R] i AR
(LCK) iy JE 7l DABb (£ 5) .

RS ZERXTFRAREMER EAERRENRFHTERN
Table 5 Hybrid phenotypic traits, parental genotypes and chi-square test
i AR HE P 7Y BLIY X
Emergence Traits Genotype Theory Chi-square test
BllE S/ st/
5 . TR/ % e o I
Mating g R et 8 BE
designs Qx4 B Emer- Purple leaf/ Green leaf/ - - Epara- X2 X%Q 05) 1 X%QO]) 1
. gence Female Male . .
sowing  gence or/Lobed  or/Nonlobed tion ratio
rate genotype genotype
leaf leaf
71 x72 154 78 50. 65 39/ 39/ PpBb PpBb 9:7 1.24 3.84 6.63
72 x71 386 163 42.23 71/ 86/ PpBb PpBb 9:7 5.38
BB
ERAE 71 x LCK 494 281 56.88 121/ 160/ PpBb ppPPhij 1:1 5.41
Reciprocal N
ppBB =
crosses LCK x Z1 376 93 24.73 25/ 68/ PP PpBb 1:1 0.18
73 x 74 55 22 40.00 12/ 10/ PpBb PpBb 9:7 0.03
74 x 73 87 43 49.43 23/ 20/ PpBb PpBb 9:7 0.13
74 x 73 87 43 49.43 23/ 20/ PpBb PpBb 9:7 0.13
74 x 71 56 15 26.79 9/ 6/ PpBb PpBb 9:7 0.09
B Bb 5
WA 1228 265 90 33.96 40/ 50/ ppBh P g 1.85
Tester Ppbb
strain 74 x EHHE 140 72 51.43 20/ 52/ PpBb ppbb 1:3 0.30
BB
Z4XICK 225 80 35.56 44/ 36/ pib PPEEE g g
PPbb
L12 x Z5 400 357 89.25 26/ 331/ = = = =
axEFif i LY x LCK 400 209 52.25 /45 /164 ddbb DdBb 1:3 1.34 3.84
Single cross LY x H#E 500 97 19. 40
and control LCK 525 270 51.43
L12 500 190 38.00
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T BAE bR B SEAS LB X 2 58
AR PR A Y 25 5 AR K R 5 0 A
TREC, IR 9: 7 (151 123 325 DL S 123 (1 L A7)
P ) IR BE HEA T 1 ROTRI 5 R AR S

H12E 5 & DL DU SEACHY 11 DS 5
H A9 AN R RO INAF S A, o, Z1 x 72
72 x71 74 x 71 74 x 73 73 x 74 & 5 N HE/FE
9:THfl, Z4 x LCK Ml LCK x Z1 25 4 58 A 45 4
LAY EL], Z4 x FAMEZR S LG A7 4 103 By LLfil, 24
x1 =28 ZRHEATE 3:5 Ll LAZmH#E(LY )
S REAS 55060 B (LCK) S ACA i b A 8 - 5 A il
WAFE 123 1 FBIHHEI Skt B 0 ) 56 g |
B HEZ A EATE I R IERA

TELAZENHE (LI2) Sy BEAS B HE g ACAS Y 2%
FgAUrR A I TR KRR 2 2 R, Ay
ZUM R, A B R R e R AR A
T Xt — DUl B R g B AR, SO AR
AR TR M HE R B 2 R PR A BRI A
3 itk

iR/ R EN RN B (IR SR S A Sl DT
R BE P B 1 X e 2 ~ 3 X, 40, il A
A (CN-PL) 43 5] 5 1E 2% iRl 8 ( Oryza sativa
subsp. indica. ) i f ( Oryza sativa subsp. japonica
Kato) 2252, H FI a2 40, F2 BERhagnt 55
W22 He Ry 1303 50 55: 9,455 2 ~ 3 X RED Y 73 B A
A, KRR E & 8902-393S Fil KS-14 43Jj] 5 2
MEOMIRREARSS, P ARW Y s, F2 Rkt 5
ST H Dy 321 B 13: 31 ARBSE s S
ARFIU N B, (BB Ff oA [) 25 Rl R B
o WA AFAEETRES S A HEKREMS AL,
BENERTE S NAAL F1 AU RPN R 19 B4
F2 AAH AR 7 S B L P st e B 9 (%) + 7
(58) 1 2 Wb AR A 2 i Bl L MoK LA 3
e B AR KR ASEA T PERY R A, I,
THRARAMRIBAL BT REAGAE AT 38 3 F A 3K
Tl G BT, RZUE F1ACRIPEARZEIHEN DR
FERL . AT e AR 2 F1ACAY R BRI
FUAGRE ) 5% - M S A SR AR PR AU Y

TR s AL W R R RA 2R A ATEDT
FP A H ¥ ( Brassica oleracea var. acephala f. tric
olor Hort. ) ZHH ARG 1 I, S BRI Xof (54 - £
BRI BIESORE 2 BAE T o A R B

W0 (B P )35 4% 3 52 B RRl 22 B R 4 o B SR B
B s . A AFERFFE 4 5 (Vigna ra-
diate Wilczek ) ZLM: {1352 % I & 3, LA IE & B 5 JE i
A 2 AR R AT T OEROE, IR EEXE 6 SR
S G IEAT T AL, A F2 AR B i Il 52 5 v
BB L R AS 1 A M 45 5, 2 WY R R AR
LR E . QAR IR A x R AL F2 A
BI(15: 1) EIRE AR K 3] 2 S EE R W]
2 A0 SRR BAT A [ A 5 R 20 R Y
SERUC S ARBITE LASEHHE R BEAR I 45 J S LA T
AU A LY x LCK A4 rp 24 T PR, X 4
HATACA G R[] Ja T — > ) M 2 &%, 4R D0
AT R IR ) B PR 7 55 2R ME 2 32 I, i MR A
TR DL B, SO A v 2R S Bae , (] 4
Wiz R 43285 75 Ok 2 6 S R & m AN , 24t
HERYSE ALy ddbb, H12PHf5E LY x LCK J Fh5~ [l
B RS EA G .

Z AT B il R et bl P ELSCR B35 RO
7, HATTEA: 7 b0 AR AR K A6 78 i o 4 R
I RGHEE W TEFR EAN[F A S A R] DI 43 5]
WE H EA%IR (Sect. Leuce) BBA% R (Sect. Aegeiros)
ME IR (Sect. Tacamahaca') 55 YR 7] K Fit 6] 2 51 %%
A AT AR B bR B2 4 B9 A 2 (Rosa
chinensis) ¥t.f% ( Rhododendron simsii Planch. ) . % 2%
( Magnolia denudata Desr. ) . ¥§ ( Armeniaca mume
Sieb. ) .4 1#E45 ( Camellia nitidissima Chi) (ZRAZRY 2
Wk ( Liriodendron chinense x tulipifera) . P [} ¥ ( Taxo-
dium hybrida) 28T % ( Syringa oblata Lindl. ) ZE{f B
R R At el e AR S B R . AT & B
SRR 25 (0 PR M 3O A DL AR KR R
e HARRY 228 Fh ¥ bl S i 1 B B, ROk m)
TEPEAEIA— B0 715 7 155 14 58 e S 5 i e 5 H
BRI R 24 S &, 7S 58 T HE S S b1
AR T MR AR 58 MR S A8 S 28 F 2 iR T
T3 B AR R 5 MR B B | AR A MR A R
LCK x Z1 F1 Z4 x 1 =28 Sy e 1- el 5 i 0 R
HACHA X 2 A W 258 AT 7 4 28 353 5
TR A KA 7§ ARG (E Y 62. 5% 84. 8% FI
46.0% 48.3%

4 i

TR T 5 HE IR TE S 58 I 58 2 2R 58 I R #e
(BRI S AT A L e, UG A 2R Al s AR . AR
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Segregation of Seed Vigor and Leaf Traits in Hybrid Progenies of
Betula pendula ‘ Purple Rain’ and Betula pendula ‘ Dplecprlicp’

TIAN Shi-long ,MA Qing ,WANG Yang ,LIN Xin,YANG Yun-li ,GE Meng-yan ,GU Chen-rui ,LIU Gui-feng
(State Key Laboratory of Tree Genetics and Breeding, Northeast Forestry University, Harbin 150040 , Heilongjiang, China )

Abstract: [ Objective ] To study the dormant and recessive leaf traits and genotypes of Betula pendula ‘Purple
Rain’ and Betula pendula ‘ Dplecprlicp’ , to screen the elite hybrid combinations and lay a foundation for the es-
tablishment of seed orchard. [ Method ] In this study, different mating designs were used among B. pendula
‘ Purple Rain’ , B. pendula ‘ Dplecprlicp’ , B. platyphylla Suk. and B. pendula. The seed weight, seed vigor,
and growth were recorded from their progenies. Chi-square test was used to test the reliability of segregating ratio
and the inference of parental genotype. [ Result] Significantly difference was found among the combinations of
parental crosses (P <0.01) in thousand-seed weight, germination rate, germination potential, germination in-
dex, height and diameter. Coefficient of variation (CV) of thousand-seed weight and seed vigor are 66% and
78% for B. pendula, whereas the other traits of CV for B. pendula ‘ Dplecprlicp’ are between 19% ~ 47% .
The broad sense heritability for all traits is above 76% . Based on the weight of seed, grain vigor, seedling
growth and leaf target traits, it was found that LCK xZ1, 74 x1 —=28 and LY X LCK are the elite hybrid combi-
nations. Because the progeny of B. pendula ‘ Purple Rain’ has two leaf types, purple and green, it is believed
that B. pendula ‘ Purple Rain’ is heterozygous and purple is a dominant trait. Based on the four segregation rati-
os of green and purple (9:7, 1:1, 1:3 and 3:5), the authors confirm that two pairs of gene P_B_ are comple-
mentary. Only normal leaves of the same family of L.LCK half-sib produce lobed leaf progeny based on multiple
cross combinations of birch. Therefore, lobed leaf is a recessive trait, and is controlled by two pairs of genes
based on segregating ratio 1: 3. They belong to a additive effect. The genotype of B. pendula ‘ Dplecprlicp’ is
ddbb. The result of Chi-square test confirms above inferences of genotypes and phenotypes. [ Conclusion | In
this study, inheritance of recessive and dominant traits for leaf color and leaf shape was identified. The genotype
of B. pendula ‘Purple Rain’ is P_B_, and B. pendula ‘Dplecprlicp’ is ddbb. LCK x Z1 and Z4 x 1 —28 for
the purple leaf and LY x LCK for the lobed leaf are chosen as the preferred combinations for each seed orchard
establishment.

Keywords : Betula pendula ‘ Purple Rain’ ; Betula pendula ‘ Dplecprlicp’ ; hybridization; seed vigor; inherit-

ance; leaf type; leaf color
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