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Abstract: [Objective] The aim of this study was to pave the way for the construction of high-density genetic map and QTL
(quantitative trait locus) analysis, so as to facilitate the parental selection and mating design in the breeding programs targeting for

new varieties in Chinese cherry (Cerasus pseudocerasus (Lindl.) G.Don) by investigating and analyzing fruit traits of F; progenies
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between Nanzaohong (NZH, early maturity, orange red) and Hongfei (HF, purple red, with good comprehensive characteristics).
[Method] The heredity variation and inheritance tendency of 17 fruit quality traits in the F, segregating populations (n=226) were
investigated, which were derived from the reciprocal cross between NZH and HF These traits included fruit weight, longitudinal,
transverse and lateral diameter, total soluble solids (TSS), soluble sugar (SS), titratable acid (TA), anthocyanin content, fruit shape index,
fruit development period, and fruit stalk length, etc. [Result] The average fruit weight in offspring of both NZH x HF (4.30 g; range:
2.59-7.46 g) and HF x NZH (4.05 g; range: 2.45-6.48 g) was smaller than the mid-parent value (4.58 g). The TSS content (14.55% and
14.51%) was higher than those of two parents (12.97% and 11.36%), and the ratio of individuals with TSS content higher than high
parent (HH)was 78.52% and 76.09%. The average TA content of individuals from the reciprocal cross was lower than the low parent (LL)
(47.92% and 41.94%). Peel color segregated in the F; progenies, with orange red, red, purple red and black purple being observed.
Hybrids with red fruit color accounted for the largest proportion. The anthocyanin content is in the range of 3.12-112.51 and 1.80-79.94
mg/kg. The average fruit development period of NZH x HF progenies was two days shorter than that of HF x NZH progenies, which
was mainly affected by the male parent. The fruit stalk length showed heterosis with HH values of 49.25% and 43.33%, respectively. The
mixed major gene and polygene inheritance model method was evaluated for their fitness relating to these traits. Two major genes plus
polygenes model was the optimal genetic model for 11 (out of 12) quantitative traits except for the fruit longitudinal diameter, which was
controlled by one major gene plus polygenes. [ Conclusion] The main fruit quality characteristics were quantitative traits controlled by
polygenic loci. The inheritance trend of the fruit weight, longitudinal, transverse, lateral diameter, TA, and anthocyanin content tended to
be decreased, while the TSS, SS content and fruit stalk length tended to be increased.
Key words: Chinese cherry [Cerasus pseudocerasus (Lindl). GDon]; reciprocal cross; F; populations; fruit characters; inheritance tendency
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2.1.2 RENeK 1B RAEA T TERE TR

RN 14.55%1 14.51%, sTEsRlE (12.97%)

B R RIER) 78.52%H1 76.09% (£ 2) , KILAIEE
With, £ ERL RN ‘Al TR
A PEE TR 2R AR 1B TSR AR PR
SPRMEY ST R E, B SRR Ak B 41.56% 41
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Table 1 The hereditary variation of fruit characters in the F; progenies derived from reciprocal cross between Nanzaohong and
Hongfei
R HE A Parent T4 F, progeny
Trait Cross  Nzm HF MP Eiic] CcV H} T, H HH HM LL K SK
Average Range (%) (%) () ) (%) (%) (%)
T L NZHxHF 3.81+0.55 5.35+0.38 458 430 2.59-7.46 2146 7392 93.82 -6.18 10.37 28.89 34.81 1.02 0.93
Fruit weight (g)
HFXNZH 4.05 2.45-6.48 18.89 62.18 88.51 -11.49 4.40 28.57 40.66 0.10 0.33
RS m NZHxHF 17.36+0.82 21.88+1.16 19.62 19.32  15.99-24.66 8.83 65.37 98.50 -1.50 8.89 37.04 13.33 0.38 0.56
Longitudinal
HFXNZH 1897  16.15-23.82 7.65 52.11 96.69 -3.31 4.40 27.47 1099 122 0.73
diameter (mm)
SRR NZHxHF 18.63+0.89 21.45+0.60 20.04 19.81 15.59-23.83 7.63 74.12 98.86 -1.14 14.07 4222 2148 0.16 0.52
Transverse
HFXNZH 19.49  16.32-22.67 7.06 68.70 97.24 -2.76 7.69 35.16 2527 -035 0.01
diameter (mm)
HsE NZHxHF 17.03+1.38 18.77£0.63 17.90 17.22 14.35-21.07 7.71 35.78 96.20 -3.80 11.85 28.89 48.15 022 0.37
Lateral diameter
HFXNZH 17.04  14.12-20.44 7.60 32.52 9520 -4.80 9.89 29.67 47.25 -033 0.05
(mm)
AT ] T NZHxHF 11.36+0.82 12.97+0.90 12.17 14.55 8.10-19.70 14.40 83.11 119.61 19.61 78.52 90.37 593 0.17 0.11
Total soluble solid
HFXNZH 14.51 9.20-23.20 15.19 84.73 119.28 19.28 76.09 88.04 435 231 0.76
(%)
CIpdeil NZHxHF 92.35+1.70 117.27+0.91 104.81 116.07 56.57-178.92 21.36 99.78 109.42 9.42 41.56 68.83 1429 0.26 0.17
Soluble sugar
ek -1) HFXNZH 120.10  67.97-199.76 27.81 99.88 114.59 14.59 46.34 65.85 19.51 -0.59 0.33
gkg
CIRTbE NZHxHF 0.67+0.01 0.58+0.02 0.63  0.60 0.31-1.13 32.60 89.50 95.60 -4.40 33.33 41.67 47.92 022 0.75
Titratable acid
HFXNZH 0.59 0.25-0.96  24.01 80.11 9431 -5.69 16.13 45.16 4194 1.06 0.02
(/100 mL)
Rste ety NZHxHF 6.96+0.53 42.02+0.61 24.49 23.58 3.12-112.51 84.81 99.86 96.30 -3.70 14.10 30.77 897 6.58 0.26
Anthocyanin
! HFXNZH 22.20 1.80-79.94 73.84 99.79 90.64 -9.36 12.20 31.71 732 3.18 1.70
content (mg-kg™)
IR NZHxHF 0.87+0.02 1.02+0.05 095 0.98 0.86-1.12 5.58 47.71 102.85 2.85 22.39 68.66 149 -0.29 0.56
Fruit sh: i
ruit shape index o \7m 097  087-1.12 456 2157 102.61 2.61 1429 7143 075 0.6 057
s NZHxHF 49.00 54.00 51.50 53.07 44-61 8.23 / 103.04 3.04 42.22 61.48 1630 -093 0.14
Fruit development —————
. HFxNZH 51.52  43-61 7.83 / 100.03 0.03 26.37 46.15 2637 -0.86 0.24
period (d)
WA K NZHxHF 19.43£3.04 19.94+3.33  19.69 20.03 7.24-35.30  20.60 40.30 101.74 1.74 49.25 5299 4478 1.61 0.36
Fruit stalk length ———
(mm) HFxNZH 19.62 9.93-30.01 20.38 36.43 99.67 -0.33 43.33 47.78 50.00 0.06 0.28

MP: HEMH; CV: BRERE¥: HS: ) XES; T
SK: fEE; /: KitEii. T

A )y H: RFMUHE, HH: BRsRR, HM: B,

LL: {RMEE%H; K. g%,

MP: Mid-parent mean; CV: Coefficient of variation; H,’: Broad-sense heritability; T,: genetic transmitting ability of cross combinations; H: Heterosis; HH:
Ratio of higher than the high parent; HM: Ratio of higher than the middle parent; LL: Ratio of lower than low parent; K: Kurtosis; SK: Skewness; /: No value.

The same as below
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Table 2 The heredity variation of fruit flavor in the F; progenies derived from reciprocal cross between Nanzaohong and Hongfei

27N ik 5RZ% Parent 3T F AR 2 B8

Trait Cross NZH HF Separation proportion for F; hybrids (%)

LS NZHxHF i) il 1% Sour TR Sweet-sour R Sour-sweet T Sweet

Flavor Sour-sweet Sweet-sour (5.97) (42.54) (21.64) (29.85)
HFxNZH & Sour FHIR Sweet-sour FRTH Sour-sweet filt Sweet

(3.26) (52.17) (25.00) (19.57)
B NZHxHF ERLUS To ik TCH R De-bitter (97.04) ATk Bitter (2.96)
Bitter flavor HFxNZH Bitter De-bitter Tk De-bitter (91.30) 477450k Bitter (8.70)

32.60%F1 24.01%, “FIMEN TAEE S 2R {E 2 0],

TRARSE R AR 47.92%H1 41.94%, HA KRS
Bk, pHUEVT I,  RERLLLT R ‘4rhl’ 2R fEACEE R

DA R FHRR I ) e BB St . R L A
SRS AR 252 SESORE R O B L L, IE
AL Fy AR SE URAR DGR 2 R A (B 2) .
A R RS RRDARREINCY £, Ak ‘4D
W DR A F. 1B A Fy AR 29.85%F
19.57% A5 WA A it By ARRUR A FHIR 1 7 L e K,
I3 K 42.54%F1 52.17%, 1 5.97%F1 3.26% K I N I -
FSE RIS R I A R B e W . H4h, 1B R
JEARH 3 AT 2.96%F1 8.70% ) L S KUK A 7 75 R (R
2) .
2.1.3 REF®E EA mMRA M al’ RBE
a5 AP LLMIER L. FOARI SR B a2 4 5,

RIAPEL, U, R EMmmBEEt, Hpllaf
oz, EiE. AP S 54 53.38%F
61.54%, HIRERLI(D (27.82%. 25.27%) , 404
(12.78%-+ 10.99%) FIEEM (6.02% 2.20%) o 3
A RN FIOCLnal AR A S p e AL A
t, IE. RAFAARE R ABE L (56.72%.
61.96%) FFLAME (35.07% 27.17%) HE, SEh
28 (5.22%F1 7.61%) FISKL R (2.99%. 3.26%)
(£3) .

RSO SR R F AT RAEES S
i (B2, ZBRFEER, A5 REr N 84.81%F1
73.84%. 1E AT JE AR A0 A a3 ) A 3.12—112.51
A 1.80—79.94 mgkg', HAEZN 109.39 F1 78.14
mgkg' (£ 1, RPPLILOHTREIE. KL F,
Rz, ERHIK.

®3 HEMEH BRL OF AL E. RRFEARASENMREHEHEETR

Table 3 The heredity variation of flesh color and peel color in the F; progenies derived from reciprocal cross between Nanzaohong

and Hongfei
R ik 37 Parent F3 Fy RS B L)
Trait Cross NZH HF Separation proportion for F; hybrids (%)
gt NZHxHF 3 A FLH Cream-white # Yellow 41 Red 41 Purple red
Flesh color Yellow Cream-white (35.07) (56.72) (5.22) (2.99)
HFxNZH FLF Cream-white  Yellow 2] Red 41 Purple red
(27.17) (61.96) (7.61) (3.26)
R g NZHxHF 41 AN FE4T Orange red 41 Red L4 Purple red 4 Black purple
Peel color Purple red Orange red (27.82) (53.38) (12.78) (6.02)
HF>xNZH F&4T Orange red 21 Red 24 Purple red 248 Black purple
(2527) (61.54) (10.99) (2.20)

2.1.4 REMR IE. KA F REBHEHEESS)
i (B2, TEIES N 0.98 A1 0.97, W1
i (0.95) o 5 REG N 5.58%H1 4.56%, A2 5%
JERN. CRERLL R e RSBARSY BA
MULIETE, 1B RAS FOARVP L T BB WEDE. T

TG BRI 2 e, H B AR se b
1 SN 46.27%K1 35.16%, Ji 51 1E.(2.24%1 5.49%)
MIMEETE (10.45%F 4.40%) (5HD.  Bailar
Hocartd” ST MRT Y, AR S AR TR N
MR R BB (39.55%A1 39.56%) (£ 4) .
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Table 4 The heredity variation of fruit shape and fruit top shape in the F; progenies derived from reciprocal cross between

Nanzaohong and Hongfei

27N A& JRA Parent A F AR B EL]

Trait Cross NZH HF Separation proportion for F; hybrids (%)

E SN NZHxHF BI% LIETE (=8I i [T e IR LR

Fruit shape Reniform Heart Reniform (46.27) Oblate (2.24) Near round (12.69) Ellipse (10.45) Heart (28.36)
HFXNZH =5 T ERE Wl JE LIETE

Reniform (35.16) Oblate (5.49) Near round (21.98) Ellipse (4.40) Heart (33.00)
IR NZHxHF L} ikl [U] Concave (29.10) *F Flat (39.55) "y Convex (31.34)
VR IDEEDE gy ConEvE Lo Ul Concave (18.68) - Flat (39.56) " Convex (41.76)

2.1.5 REAFM BA MEA M ‘a4’ 4
A LR R ST, SRS AR E O 49 d FH 54 d. IE
RASJGARR S IS ZE 40T, 2300 17 d F1 18
do IEAZ FiARRSEAEITIME (53.07 & mTrse
fH (5150 d) , HAPAEFHKT aid” MRS
42.22%, #T ‘FNL L 16.30%, R IEAS
Fi AR SR G ML ) A B IR K A . &
2 FARRSAEEWPIME R 51.52 d, Bl sR(E,
W AFET WO MRR S 26.37%; /AT
Fo AR S22 B AL T4 A R SR A . 43
T, LRBCEAR B ONRA, ERSHIE
BWBRRGR, FRFMLARE (R D .
2.1.6 RAEKE IERAJGREMKE 50 7.24
—35.30 mm 1 9.93—30.01 mm, BAHE 25510 28.06
mm 1 20.08 mm, 2853 R 504 20.60%F1 20.38%,
AR S R R e S AR SR 2 il 49.25% FH
43.33%, RILHESEEAERIE (R D .
2.2 REFEHEREEEXNIH

MR f /N AIC SR BEARLLIE BN, R
AIC fEf /NI 3 MBI &k (R 5) o 11 MR
A BRI Bl U12, U223, U3? (SIS
nW? (Smirnov #:5%;) #1 Dn (Kolmogorov #:546) fi&
GRS, A EREKFRSEENECY 0. K,
PR AIC {H /DI BOERIY . 1E A IRAF AR
BRI PIRIE 7 A (R 6) , b R R
R AR g 2MG-AD (2 5 k- 2k
TGRSR S A I SR A R
IMG-A (1 A0k FRERRADD B4R 1 fe FE AR
Rl 2MG-EA (2 XEEINTE EFEIBRD , nliE iR
PRl 2MG-A (2 Xtk LB ) o Hisr
AR, bR, e S E. RIS
KPEBIFFA 2 % B ROE N AL AR, 76 IEAS B

AL RIS ) 2MG-AD, 1M R A BEK ) 2MG-EA .
AN TRVRREAA AT S50 1) 5 DA B A 2% N A 22 531« NZH X HF
TR 11 SR TR 4 B5ORN SR K 52 119 S5 3 a8t A% B AR 433
2MG-EA #1 2MG-A, HF XNZH AR ST Fe 50r 5
WK B (1) B G st AR A 34 2MG-AD .

W #5 HR I R I AR B HEAT AR S U o (3R
6) , AR WIR, BRIEAZEAAH SRR 2 0 R0k
DRIRN AR P 55 1 Sk B2 BE DR 2 A g in P R v
S ERUNE 8- TSIy IR R S by G N ek
FESNAR ) 2 AN 2 3 D AR 1 AT RS AT B R ]
3B 0.66%F1 0.62%. 1E RASHFEMR AT HE LR
YDA 1O E R P INPE Y. (1.88% 1.67%) W3
KT 2% (0.55% 1.26%) , R alubEE A
IPERON LB 156 B 5E DR s 0 32 5 R S P2k
PEAEIE . RASHFAAIAN ) LI RN o 2 T o] s
(1) 2 6 FEFERITE IE « RASHEAR T (1 Ik SN e
T 19.35%—22.97%. RLPIFIRLAEFTIHLZ 1
X LB DRIFE I, A A = 5 DR 1 e 2354 4 5l
H 1.95%F1 4.30%, RAZ55A 1.22%F1 3.66%.

3 it
3.1 HEMEHERXRBHARIEEZHRESEBEE

ARWFFOR T R IE . A Fy BEAAR 1 R s 2k
AREAT T gt 047, PEHEIR IS S I 2 50 5,
o P RAFAE 8 5 v 3 (R 28 K 10 S5 (L P A o B
M, HAEERF B . FSE PR 2 )35
3, SZARMESE AL, X 51 ANAE EERE 40
WX T R FARPAL EREERR. AL A
USRI A=C g8 S — 3, 3 n] g T SRR K
T 1 Bri = I NS TP B SR T AT | 91 I
N, AR VAR E AR AR I RN R A, R BLR AL
G, DRI, I ARSI B ORI R IR 3 S 1% R /)N
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Table 5 Candidate genetic models of fruit characters and their maximum log likelihood values and AIC values

R NZHxHF HFxNZH
Trait AIEET Model ARALMRME MLV AIC{E AIC value #%MEHEE! Model #EABUREE MLV AIC {4 AIC value
L 2MG-AD -158.9561 329.9123 2MG-AD 97.4125 206.8250
Fruit weight 2MG-A -163.5741 335.1482 2MG-EA -102.5554 211.1109
2MG-EA -164.5972 335.1944 IMG-A -103.3361 212.6722
L B ve IMG-A -256.1247 518.2493 IMG-A -158.1745 322.3489
Longitudinal diameter IMG-A -255.7949 519.5899 2MG-EA -158.3125 322.6250
IMG-AD -255.9692 519.9385 IMG-AD -158.0700 324.1400
Akt 2MG-AD -237.5514 487.1027 2MG-EA -154.2085 314.4170
Transverse diameter 2MG-EA -244.3091 494.6182 2MG-AD -151.5555 315.1110
IMG-A 244.4566 494.9132 OMG -157.5688 319.1377
L BRI 2MG-EA 2252212 456.4423 2MG-EA -148.4416 302.8831
Lateral diameter IMG-A 225.3303 456.6606 IMG-A -150.5678 307.1356
2MG-A 224.8276 457.6553 2MG-AD -148.3132 308.6263
A TE ) 2MG-AD -282.5172 577.0345 2MG-AD -192.1946 396.3893
Total soluble solid IMG-EA -285.9259 577.8517 2MG-A -196.4489 400.8979
IMG-A -286.1594 5783188 2MG-EA -198.4019 402.8039
TR 2MG-AD 2359.3510 730.7020 2MG-EA -196.4061 398.8121
Soluble sugar 2MG-A -362.0946 732.1892 IMG-AD -195.5200 399.0401
2MG-EA -363.7563 733.5126 IMG-A -196.6420 399.2839
AT E R 2MG-A 19.4123 2308247 2MG-A 22.4635 -36.9270
Titratable acid IMG-A 18.1227 302453 2MG-AD 229213 -33.8426
IMG-AD 18.1240 282481 2MG-EA 18.2742 2305484
PEASRERY 2MG-AD -308.7738 629.5476 2MG-EA -159.7461 325.4923
Anthocyanin content IMG-AD 311.2824 630.5649 2MG-AD -157.1097 3262195
2MG-EA -312.9347 631.8694 2MG-A -159.7025 327.4050
IR 2MG-EA 205.0708 -404.1417 2MG-AD 160.6529 -309.3059
Fruit shape index 2MG-A 203.9652 -399.9304 2MG-EA 158.3081 -308.6163
IMG-A 202.7257 -399.4513 2MG-A 157.1782 -308.3565
RSLAEE W 1IMG-A -379.6368 7652737 1IMG-A -247.9257 501.8514
LFu 15 G el Gt o0 IMG-AD -379.6406 767.2812 IMG-AD 246.9941 501.9882
IMG-EAD -380.9697 769.9394 IMG-NCD -247.9908 503.9815
PRI5S1 2MG-A -376.5200 761.0400 2MG-AD -244.6610 501.3221
I s ol i 2MG-EA -377.7745 761.5490 O0MG -251.9375 507.8750
IMG-A -377.8436 761.6871 2MG-EA 251.1569 508.3138

MG: EEEH; A PR AD: k-2 ADL: ntk-Brk- BAPE; BA: Itk EAD: SEEfE; NCD: fipsea @ik, MR

PRI BAEBE B MLV BOBUAR

MG: Major gene; A: Additive; AD: Additive-dominant; ADI: Additive-dominant-epitope; EA: Equal additive; EAD: Equal additive dominant; NCD:

Negatively complete dominant; The bond digits are the best genetic models; MLV: Log Max_likelihood Value
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Table 6 Estimation of genetic parameters for main fruit characters as its optimal genetic model

R NZHxHF HF<NZH

el R Model  da db ha hb A Model  da db ha hb
LT Fruit weight 2MG-AD 0.86 0.25 0.04 -040  2MG-AD 0.82 0.51 0.04 -0.09
524042 Longitudinal diameter IMG-A 1.95 / / / IMG-A 1.22 / / /
L5 H4% Transverse diameter 2MG-AD 1.76 -0.08 -0.09 091  2MG-EA 1.30 1.30 / /
JLSEA42 Lateral diameter 2MG-EA 0.66 0.66 / / 2MG-EA 0.62 0.62 / /
A [ JE4) Total soluble solid 2MG-AD 1.88 0.55 1.76 138 2MG-AD 1.67 1.26 -0.30 -1.08
AR Soluble sugar 2MG-AD  22.50 19.35 8.65 798  2MG-EA 2297 2297 / /
A 5E B2 Titratable acid 2MG-A 0.00 0.22 / / 2MG-A 0.02 0.07 / /
1e 154 & Anthocyanin content 2MG-AD 17.05 845  -13.99 0.50  2MG-EA 7.37 7.73 / /
HIF6%L Fruit shape index 2MG-EA 0.05 0.05 / / 2MG-AD 0.02 0.01/  -0.06 0.04
F 3£ H W) Fruit development period  IMG-A 4.30 / / / IMG-A 3.67 / / /
AR E Fruit stalk length 2MG-A -0.24 2.62 / / 2MG-AD 2.71 1.59 -3.09 -4.61

da. db: FIER A TN B INMVERN s has hb: TFE A FO B (1) R AERON

da, db represents additive effect of major gene A and B; ha and hb represents dominant effect of major gene A and B
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B EVEREOR A SR T A R A
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