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Early Directional Selection Color of Ornamental Crabapples Cultivars

SUN Fan-ya, SHEN Xiang, SHU Huai-rui, LI Xiao-lei, WANG Qing-ju, WANG Lei, KANG Luan

(College of Horticulture Science and Engineering/State Key Laboratory of Crop Biology, Shandong Agricultural University,
Tai’an 271018, Shandong)

Abstract: [Objective] Find a method for early directional selection of ornamental crabapples in order to figure out the

hybridization problems of high cost and low efficiency in breeding. [Method] According to quantitative relation between xylem and

its flower and fruit peel of male parent, forecast the crossbred seedlings’ flower and fruit color. [Result] There is a very significant

correlation between flower color and xylem anthocyanin content in April (r=0.933). With anthocyanin content of April xylem (y) and

flower (X), a regression equation y=1.9391x+312.41 was established, and M. Pink Spire combination’s secondary year F, generation

was used breeding to test the equation, the discrepancies were less than 4%. The genetic analysis showed h*=52.43% except cross

combination of M. Pink Spire. Anthocyanin content in xylem inherit is quantitative inheritance. The analytical result indicates that M.

Red Splender cultivar is a better male parent variety for colour selection breeding. [ Conclusion ] Using anthocyanin content of xylem

to select flower and fruit colour is feasible.

Key words: Ornamental crabapple; Hybrid; Xylem; Anthocyanin; Early directional selection
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TR, FHAMMPE I ‘Royalty” , BELIAEEANT)
‘Radiant’ , TEF ‘Red jade’ %5, HCAMBLTTA
BT R 2 — M, (B, WLBRESE SRl A
T (L 10~15d) « feEEA . T3 I i (1)l 5575
DA I 2 7 3 ) A 98 1 1 166 3¢ S (M. domeestica
‘Ralls” ) fERHBREAL) 9 AN L& HLRE (I Fi 5
A AN AT AR, A EE AN R AR ) A AL i KR
DB, IR — DT E e, (E8Y
St AHE TR S A I PR K (L 8~10
SR, IEAFAF UL SR SRR B AR E A AR
BMACRARSE R . Rk, TR HUENT 7T A &
BN (AT AR ] YK E T, AR
ZIAEAEAEGME . I iR 2R 20,
By A, AP MENGR R
1£>% (Changnienia amoena) JFAEHF&EI K. 1
T AR 0 2 b B A OCM, 5 S e K A e A B
FA, ST MBI FEA T AT SRS, R
B AR AT HRIE . LAWY Wit

Aiet. REOSGARBHEEO TSRO IEDT I, R
AR B A O AR AR AU A R, e
FRNEIERERRAE . LI R I OCHE I ] AEL TS
ZRACHEAA IR DO S AR T (K6 Ca b AT F I TlE, DA
I H LR PO EELL UL SRS i Pl B 2 3% 77 )
SRAAS, DARmE MR,

1 MR57%

) R k38

PEARAXA B S 3 I E 1L R AR b K 27 W b
I, b 7 M E R AR (R D, B
ANy )\ Mg, R TR L, A R I RERE A AT
EHKE R T 2004 4E 4 7 7 HAE IR AR AW
B PR R 61X 9 Bhiig BT R, TRAE
4 718 HEEDERATAAS, WA 10 Aok, ok
Foft, 2838 JE AR AR T T 2005 SRR T 1L A AR M K2 E W
BRI P

1.2 R¥EAHZE

1.1

F1 HLRXERME N
Table 1 Indroduction of the male plant varieties used in experiment
KA YA e PR HEDu A g
No. of male parent Varieties Origin Chinese translation No. of hybrid combination
01 M. ‘Red Splender’ %[H USA FANT) 2004R-001
03 M. “Pink Spire’ %[H USA WA 2004R-003
04 M. ‘Radiant’ % HE USA BT 2004R-004
05 M. ‘Pink Princess’ FKH UsA ARG 2004R-005
07 M. ‘Indian Summer’ JH UsA EE 2 H 2004R-007
08 M. ‘Indian Magic’ %[H USA 2R 2 g vk 2004R-008
09 M. ‘Hopa’ %[H USA EE 2004R-009
014 M. ‘Kelsy’ %1 USA UK 2004R-014
015 M. Spectabilis *'[E China A 2004R-015
LT S I E 22 4 AR DG AR G RS TR A 15 HERAE, 6 TR IR A,

(K 732N LME B2 2006 45 4~10 H 43 SO B ifESE 2.5
em K — AR A T AEIFTIR S, RA 1.5
mol-L™! HCl : 95%Z =15 : 85 B, (E BG40
R 24 h A, B EE UV-2450 RAME R ILIY Y66
PRI 650, 620 1 530 nm YK DGR A, AL
& h (nmol-g!) =0D,/ (0.0462m) , OD, JHEH
{ﬁZﬁ[ﬁj‘u‘Igy OD,= (Asso_Aszo) —0.1 (A650_A620) H
m SRR A TR i R @) o« MM ER
WTE 3 Ko T 2006 FX XA A H A1 —F LR g%
AR AR R AT AT S EMIE . AARAK

TATREARAR BT 5 7 15 FEREE, Il M T-REER
2 HNIE se ke
1.3 HEAE

Ak ) 5 E A 10N AE 2 X SRR S
HA ROV 7 A 8, 35 ) SPSS13.0 Bd 43 b e vk A
1 Excel X Hls AT AL

2 HRSH

RAEAKREERBEDEEHFSENHEXLDH
iz JH SPSS13.0 e vH4R A% 9 AN A A 48 55 A ot

2.1
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IR AR S BTG HT (2 2) o AR, AT S AE 0.05 KFULIAEI B4R YA .
4 PBITER S 4. 5. 6. 73K 4 IIOARIAEG RN R A A € 25 R B0 st AU
TFErRAE 0.01 K TIEFIHLEHINE, 8.0 B AR  WRHFLE HAT AT P,

®2 RXARREBBEHWFHEERE2RIHEXES
Table 2 The anthocyanin contents correlations of xylem and petal in male parent
KA R Aem4a A OKREEES B ORBGHe H ORI A OARBGES B KRGS A ARJFBI10 H
Xylem/April  Petal/April Xylem/May Xylem/June Xylem/July Xylem/August Xylem/September Xylem/October
A 4 H Ylem/Aprile 1

163 4 H Etal/April 0.933%* 1

AR S H Ylem/May 0.926%* 0.909%* 1

Ak 6 A Elem/June 0.832%* 0.920%* 0.8817%* 1

ARk 7 B Ylem/July 0.883%* 0.921%* 0.915%* 0.911%* 1

AJFHE 8 A Ylem/August 0.794%* 0.697* 0.687* 0.654 0.733% 1

A9 H Ylem/September  0.671% 0.685% 0.680%* 0.672* 0.565 0.742%* 1

AT 10 A Ylem/October  0.464 0.545 0.514 0.417 0.391 0.532 0.807%** 1

AR 0.01 AKPAEE A GRS *7E 0.05 ZKPARLE B M ORISR
** Correlation is significant at the 0.01 level (2-tailed); * Correlation is significant at the 0.05 level (2-tailed)

Prillse & A, 4 Ao AR BB Ae (s 2 & (h) 2004R-003 HILT 1 Fk 2 4R 45 05 I T L0 AR H
(KI5 R 8 m r=0.933 (P<<0.01) , Mk, A 4 Wg3gszZ:ly, UL DAYDIr B g ar Fee iy, i
A AR SA BRI A S BT HCARR S RS SR e At & i 459.65 nmol-g”! )%
RTII Z4 AT JFAC I A6 (O30 22 K e /N o 2007 SRS (EAUR 3.55% (R 3) .

F 3 WUE— R E YRR

Table 3 Validate linear regression equation

B AR FHAE (T2 X (nmol-g™) TEIAE 0T &5 y fH(nmol-g™) SEBRTEIETE (A T 25 e (nmol-g ™) R (%)
Mathematical model Xylem anthocyanin content Petal anthocyanin content Petal factual anthocyanin content Error
y=1.9391x +312.41 67.52 443.33 459.65 3.55

2.2 XAXKRRIBBERELFHEBERIENHEXIH PE, IEWERSE B S R P e O S . SR

XF 8 ANRSL AN RA MR 6~10 AriA KU [y, Ay BB e S AR T )
SRS W R e A S I AT AT LR W, 6~8  JREATF T EAE 0.01 AKCPAAAE WA e, R b i
R SRR et & BANL HASE S e WS e S AR B AR IO AR B B R, T A
Ny BRI L 8 AN AT i, ARG R R e AT A (o IR e T i S S A e A RS

SRR M. Hh, o1 BRA (E 1-a) KFEE BIRSEEit.,
H5REPROFSREESDADRMERANE; L 2.3 2XERAARBECELSERETR

47T ANA 03, 04, 05, 07. 08, 09. 014 S[{Ax1k W SR HE NGt R (R 4, Hfadl
AT (B 1-b) , B8 A E R h e tatr & & 4 2004R-014 15 2004R-008 H A 5 A £1 € 1) L Ao
88 me TR RS . 015 5 RSLUR LN TR ARG, i 50%, HEHAEHAKEL 50%. A LA FEETE
et oAU, ZLAO [RHESRAE N XA Fy AR AR AR BT ZL 5 (1)

X 8 NMRXAMI R LB AR A RN JEA AR e & S Fy AR R 5T
ert, REEJE (10 34002047 WS i S S RO ZL R R AL B B S P IME 2 IAE 0.05 7K P AEAE
EREIRAS LU, RIS es 5 3 e fete, BEEAOCHE, AR %L r=0.806.

TG B i SR e s T AN AR e a3 B B —3 WA TR A S HOR I, 8 N
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a: The fruit peel and xylem’s anthocyanin content changed from June to October of the male parent No.01; b: The fruit peel and xylem’s anthocyanin content

changed from June to October of the male parent No.08

1 RERZEREEBIECHS SN ETLEEE

Fig. 1

R4 RXTFRERARBIOERPECESESN

The fruit peel and xylem anthocyanin content change tendency charts in male parent

Table 4 The anthocyanin contents of xylem and petal in male parent and their F,

7 ALRA KRG ARBIE PRGN OAATIECE G0 SAEREAIETE o) s
No. Combination  [UHEFR  FMIEZHE  (LEEEEVPYMHE Anthocyanin content of Anthocyanin content of Heritability
size Total ofred  Percentage  Anthocyanin content of F;  male parent’s xylem male parent’s petal (%)
(strain) xylem (strain) (%) red xylems (nmol~g’1) (nmolvg’l) (nmol-g")
2004R-001 46 19 41.30 139.83+46.42 142.21 581.94 72.68
2004R-003 21 6 28.57 86.67+65.19 63.37 437.99 43.26
2004R-004 203 70 34.48 92.48+51.19 96.31 514.47 59.73
2004R-005 104 35 33.65 99.09+39.89 101.73 547.71 62.44
2004R-007 43 14 32.56 56.06+29.51 81.70 437.17 52.43
2004R-008 22 11 50.0 77.03+48.71 92.84 475.84 58.00
2004R-009 28 13 46.43 118.93+43.85 99.84 492.09 61.50
2004R-014 38 26 68.42 66.73+£29.09 73.21 468.72 58.18
2004R-015 28 0 0
1l Total 533 194
-2 GHU{H - No value

[FIZHA W 2004R-003 214 1% KT 50%, Wit
BIX AN A AR o 2 TP AR LN R R R st A o5
414 2004R-001.2004R-005 Fl1 2004R-009 izt J1)
B, SRR B, B AR T e
OO S5 AT B T SE R
2.4 KEESEBESENEESH

F R REAATE (B B S 1A e R BT 2004R-
003 >2004R-008 >2004R-004 >2004R-007 (52.64%)
>2004R-014>>2004R-005>2004R-009>2004R-001
SR (CV) R, WAL P REER S . %2258

— AT AT & BT o K5, SEHANEE
oMb E T IESM N, RAHER IR Fky
fiE

e, PRARTEREAR A (KL S I R O, IR
HRK, ERFCREWE. 8 MYTAE (RARE
AR FEBLL A ZHE 2004R-015) 128 SRR 1)
>100 nmol-g”', 414 2004R-004 (K76 (4 5 FE
FEREA IR, M 21.24~221.60 nmol-g”, A2 200.36
nmol-g'; 2004R-014 414 AL (T & g ARG I/,
M 24.24~128.07 nmol-g™', 2% 103.83 nmol-g'. (% 5)
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Table 5 The heredity analysis of anhocyanin contents in hybird
i AR A 7= A5 K L K% o test
No. Amplitude Amplitude Variation T 2% (R BRI
(nmol-g) difference coefficient (%) Skewness coefficient Skewness coefficient’s standard error
2004R-001 77.33~202.66 125.33 33.20 0.119 0.524
2004R-003 32.50~203.04 170.54 75.21 1.410 0.845
2004R-004 21.24~221.60 200.36 55.35 0.958 0.487
2004R-005 27.95~175.05 147.1 40.25 0.244 0.398
2004R-007 17.82~132.20 114.38 52.64 1.221 0.616
2004R-008 25.98~162.02 136.04 63.24 0.766 0.661
2004R-009 44.92~209.61 164.69 39.61 0.848 0.616
2004R-014 24.24~128.07 103.83 43.60 0.434 0.464
2.5 —MRECE NHEHLE G PR AR, % 6 KA RIA A A AL (T

RN — PR — B4 )1 (general combining
ability ) W AR B AR T A IR AE — R B AT 4
HHPFBAIRI . VIR — RIS BN AR m, BEISKE
A IR R IR AT 552, IR RE R AR K

FEI R DS ROV, SRR, ANFEPRA
[l — PR AR — FBEE & 0 A RN AR AN R, i HL4
B RAN - IRC 5 RN I F AT Y o 01 526 A )
— B D A RONAEL A TE HAEK, 05409 51K .

Fz6 —MREENENTENE
Table 6 The effective value order of GCA
RAJF No. of male parent 01 03 04 05 07 08 09 014
LA 13N AH General combining ability 4.06% -337" 0.18 1.67 -2.92 -1.17 1.64 -1.03
*hp i, ARARMH
*Maximum value, AMinimum value
16~ 20
el 1

3 g

HEBMESNE R RIILE

eI 7 — AN 2R I, IR 2
BRI L —— R R P R A € 2y B, B IRAR
ST DA AR W A6 T R BRI 40 i 22 R I 52 b f——
Z PRI BRI, DSOS RIS S5 4%
PEXS AR, B LR T KEMIS. 6
1, 4% Basmuson (P56, KULIAEEAEXT AR Wk,
CLARRR LN Btk T %55, IR R e
ASEABYE, By RIURFE G 8; Ra @i
TR — 0 X 5, Fy AR AR RS
31 e, 417 (Dianthus barbatus) F4E55
AXBELAAEAR, F LA e Wi A, T
BRI HIEL . B2, RAE, FHL LA
A REFR BN — R — AL BB . AR AL 5
AR TS - 8 B )0 4 SR I st A% 1

3.1

B ISR AL (0 (1 45 Bl 9 3 2k mp T2
FHARTY WA SRR T IS L, 0 AR R
OFRIEDAWII BFAE KNS ARk
PRSI SA B At AT A e, B 204 e
RMATURLL L, FHERESEIAR BT AT X P
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by DUE SRR e 7 AT B S B

HI T B B R AAAE B MRCRAR. 755K
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HEAT LG AT SE EVE R . DARIT R 1 T Ay
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