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Genetic Analysis of Chilling Tolerance of Cucumber Seedling Under
Low Temperature and Weak Light Using Major Gene Plus
Polygenes Inheritance Model
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(' Vegetable Research Institute ,Shanxi Academy of Agricultural Science ,Taiyuan 030031;" College of Horticulture
Shenyang Agricultural University ,Shenyang 110161 ;* Anshan Horticultural Institute ,Anshan 114011 ;

* Information Institute ,Shanxi Academy of Agricultural Science ,Taiyuan 030031)

Abstract: Cucumber lines 9507 and 9517 and their 6 generations like BC, ,BC,,F, ,and F, were carried under
low-temperature treatments, 12/8°C in day/night, with 7. 5h everyday under the light intensity of 30mol/m’ + s
(or 2000 Ix)for 14 days, which were difference in tolerance of low temperature and weak light. The dominant and
additive effects of chilling tolerance was researched by the major gene - polygenes inheritance model,and the genetic
parameters were estimated. The results indicated that the chilling tolerance index was controlled by 2 pairs of addi-
tive major genes plus additive -dominance polygenes, and the average of chilling tolerance index of F, was higher
than midparent value. Heritability of major gene was 62.871% -79.310% , polygenes was 3.448% -7.792% ,and
major gene plus polygenes was 74.026% - 82.759% . In other words,under low temperature condition, the environ-
ment plays a little role for the chilling tolerance in Cucumis sativus L. ,which is suitable for being chosen in the ear-
ly generation.
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L, EBEIIE S E CHR, FERERLENM
MHEBEBRELER + THRNBEBREEHIHR
EUTRMAMS ERBERIERASEANE
75, AW B S8, T AN E R R R AMER
HAHR, BEEES B SEWMBIE TR
MR, BRERET AR BEHTEHR
i LFRE HRTERHFRERFEN. B
P35S P T BN AR TR IR T AR & F 3 X
REE MK B AR EE R K8 R,
REASHRTER 4 MREFHEBER (HE
RAHRTEAEREAKRBREHRE) RhiX 4
MER GG S EEE R BS54, )
EMR KBS REERA/A, T EHENERE,
Cai """\ B4 & 3 W AR R4 60 ) SUIs 4%
$993.61% Bk S5 SR 70.33% , 3 B oh it
EiEdH, 2854 2085 KEESN
FIRK B S BT T 8RR R T 8] 8 %4 % IR
P 04 A TR BR A= BRI R 1, B U0 X PR I
WA M- SR, HEE R & E &AW
EEAWBREENER, BEER LB EEH
BRI ARG AT T
MERROBELE D, BAHRUSE BELE R
HEHEARHENERAZTRNFEA, WEP P,
BC, .BC,.F, .F, % 6 MR, & Fl 3 4 - 5 3 B B
B BIESH T ERART R MERK EEBERS
BRERA U IS EHEREHEBM—ZHER
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1 #R5HZ

1.1 #tiXeH

E 9507 (L2 P,) 9517 (RS P,) RUHAE
HFERIEZBHINF, (P, xP,) BC, (F, x P,).BC,
(F, xP,) F,(F,®) %3t 6 MR, 9507.9517
WA K¥E L ¥ HNEMRTARME, 5K
GERGEMEHRZR, HP 9507 it 1K H v 8=,
9S17 KB B FH, HHEREFEIHERNRE
B,
1.2 H%
1.2.1 HEMESHERIEE 2006 4 3 A% 9507
MOS1T TR K¥ERZ #Bgi X F M E
WANMAREHTRE, TSRS FHEM;F
FTAN K2 M REAS5FEMTREIAAEE

BTRZE, FHMES BC, .BC, M F,, 3 & .
B4 11 AR e AHARBEM FHFIRTE
% ,P, P, #l F, 3% # 50 & ,BC, .BC, 1 F,#&# 150
BOBEHAEKE2~3 FEM, A MLR-350H ®
AT EHIEH A (B A SANYO 24 8) MR & # 47
RbFE 55K B AL BE 7. 5h, 3R IE K 30umol/m’ - 5, %
4 20001x, (% 12°C , 8 8C , 3E4b 5 14d, BE#L
KARH IKREE,REABEWHIKEE, > RIFHE
MF 0%, 2BSFHEATHEERLT ;1 &, BHE
EHRFERZH, EP3~4 0 ZEEH >50% ;2
K BMEI~SHBEEXF2-3HZHEEMHR>
50 ;3R B2 ~40RE, KPR ~2 HZEHE
B >50% ;4 %, BB 1 ~2 WK, B 20% ~
30% ;5 &, BB EKIER, BEMZHEER",
BWEREAK,P, P, M F, & #&E 30 #,BC,
BC, %A% 100 4 ,F, A% 120 # .
1.2.2 ¥EHH FHAHBEERLXEZEZSH
SECEY B BER ERE + SRR SRR
R0 8, 3 TR R HE 4T 24T , B A AR KRR %
M IECM B3 SHR A4 A X4 i S 80
T4, RE 8T AIC IR — A B RS,
EEREBEEER HAEERESH.

2 HREHSH

2.1 WEBE6 HRAMSH

TR EY 6 KB HRE L, R
M2 REAEHEMER, FBRMKET P, BC,,
BC, M F,EHABAKNSBRESN M, B4
LHTHHT.
Bl RERECHRAKSH
Table 1 Frequency distribution in 6 family generations of

chilling tolerance

AR WEEYE Chilling tolerance
Generation 1 2 3 4 5
P, 2 27 1
P, 1 28 1

F, 2 25 3

BC, 10 15 50 25
BC, 19 51 20 10

F, 5 15 80 14 6

H & 1 7% P, P, BC, \BC, fl F, % A 7E 41 Bt
6% 5 A8 8 F K, Wt Al AT A RS
Jo R
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Fig.1 Chilling tolerance of generations

RAGFERFIRREREK 1% 5% BEKF
Capital letter indicate significance at 1% level ,small

letter indicate significance at 5% level

2.2 BEERDENEEN

#df P, P, F, .BC, \BC,# F,% 6 tit (i {K
BRS04, 50 518 R [ R R A AR K X B R
E(MLV) R AIC 30 TR 2, S MATE R BIM A X
Bt RER R KIS, % AIC B /MR N
BiEMER, WELHM E-3 19 AIC {4 591. 899, B-1
B AIC {63 609. 344 ,B-3 {) AIC {3} 639.596, 1 F
X 3/MERIM AIC e AR P BAE, Mk 9 &
HHX 3 MERER&EER, E-3 BARE 2 3
s N + k- BoEL AN %, B-1 f1B-3
B AANE 2 R - B - At E R L R 2
Xt R E,
®2 WERESEECHEIM MLV EN AICH
Table 2 The Max-log-likelihood values and AIC values in

various genetic models of chilling tolerance

B BRLARME AIC A BAMRE AlC

Model MLV AIC value || Model MLV AIC value
A-1 -388.660 785.320 || D -393.967 811.933
A-2 -391.103 788.207 || D-1 -397.123 812.247
A-3 -495.558 997.116 || D-2 -397.124 810.247
A-4 -536.491 1078.982 || D-3 ~397.220 810.439
B-1 ~294.672 609.344 || D-4  -397.003 810.187
B-2 -315.784 643.568 || E ~376.075 788.150
B-3 -315.798 639.596 | E-1 -371.133  772.265
B-4 -471.230 948.460 | E-2 -435.113  892.227
B-5 -561.350 1130.700 || E-3 -286.950 591.899
B-6 -565.597 1137.194 || E-4 -435.109 886.219
C -393.960 807.920 || E-5 -435.113 888.226
C-1 -435.116 884.232 || E-6 — —

HE-FXMINFEEUHETEOHRR. &
BEHBARERBEKEEIOBAERN B EH

B, N RE P S RS SRR K 3,E-3
BRI AIC B /D, ZE B EKFHGETEN 18
A,B-1 EEKRB B EKFHSEITRR 19 4,B-3
BRGRPI B EKEHEITRN 224, T E3HK
R AIC B/, MERB B EKFHEIR—ENR
B RLLGEA SRS B ERS E-3 AL
BO R AESE 2 XEmdE R + - BHEL ER
i 4 2 il o

£33 WMESHAEEDEAERE
Table 3 Test for goodness of fit to standby model of chill-

ing tolerance

R e % i} & Statistic
Model Generation u? v? u? aW? Dn
E-3 P, 0.008 0.801 10.458" 1.274" 0.424°

P, 2.614 0.381 14.385*" 2.281° 0.560°

F, 0.541 9.595% 91.048* 1.994° 0.499°
BC, 7.612**  2.660 17.321"" 3.259° 0.428"

BC,  83.699* 56.666"" 28.323* 0.114 0.563

F, 0.063 0.872  22.176** 0.245 0.306
B-1 P, 0.277 2.400 17.293"" 1.422" 0.458°
P, 0.021 1.833  23.497" 2.037° 0.473°

F, 1.720 0.475 61.410* 1.744° 0.500°

BC, 0.222 0.179  12.349" 2.533* 0.330°
BC, 5.961 8.519* 4.926" 2.928° 0.400°
F, 1.807 0.110 42.686" 2.989* 0.315"

B-3 P, 0.227 0.008  4.856° 1.152° 0.379"

P, 0.217 0.502 21.488°" 2.059° 0.495"

F, 7.611° 14.719"" 21.729* 1.587° 0.500"

BC, 2.809 0.459 14.286" 2.737° 0.386°

BC, 76.278" 45.373% 47.359" 9.302° 0.577°
9.925" 2.161° 0.324°
"RAEP=0.0SHERTE, " RREP=0.01HERDE
* and * indicate significance at P =0.05 and P =0. 01 , respecrively
2.3 ‘MM

EEIHRET, ZEEHRAUAGITHHELE
4,100 1o s PP F R TP B E RN R
1IN TORNTINTIRNTINNTISIN VRN TR TPp oI P D
HAR A 4 R B R T, ho Mo e s Mo
Pes Ber Bes T o R F, 0P O Fob T R0RE PR RISF 24,
o’ .o} 03 Ml oy 5381k BC, \BC, HI F, & A A %,

HRARMARM R RS W ETE—
MEBH_M SR WRS, EX2 3 mEEER +m
- BHELENBEEMNES S, PEERY 3.083,

F, 0.614  0.001




284 H Y & £ % B ¥ # 2%
£4 WEBHBERIBUNBAUAEITE
Table 4 Maximum likelihood estimates of genetic models of chilling tolerance
BN it 5H it B4 fhitE 28 i
Parameter Estimate Parameter Estimate Parameter Estimate Parameter Estimate
K 4.844 ' 3.885 e 4.038 Pes 1.970
™ 2.927 st 2.122 Hes 5.071 s 3.004
rs 1.317 Bs; 3.174 Pt 1.989 o 0.100
Rt 3.886 Rs3 1.088 Hes 3.004 a; 0.130
M,, 4.919 Mo 2.122 Moo 4.056 o} 0.150
M, 2.870 et 3.004 B 0.936 ol 0.120
2 X F W B I PEBON 4 5 1.034 F1 - 1,277, %81 3 i

FRA MK A 5 R AR A B e B K, 7EF R R
B i PRI R 8 BRI DUGE , AR & B R K
B, S RN MER NN 1361, T ERXKE M
ER, N2 ST HHBBHERN BN 0, BELRENK
B HIER0.151, A —EMIEM,

*5 WEREMNEBEBHNAITE
Table 5 The estimate of genetic parameter of chilling toler-

ance

—Bre%  fitE  ZWEH fhiiH i1 Estimate

1* Parameter  Esti 2" Paramet BC, BC, F,
m 3.083 o 0.385 0.404 0.580
d, 1.034 0oy 0.255 0.254 0.460
d, -1.277 ol 0.030  0.050 0.020
[d] 1.361 o’ 0.100 0.100 0.100
[h] 0.151 W (%)  66.234 62.871 79.310
h, 0 b (%) 7.792 12.376  3.448
h, 0 bl (%) 74.026 75.248 82.759

mg +pg

1-h2 ., (%) 25.974 24.752 17.241

SEtRP, AERETENMEN o, =0, +
o +o HP O NHBTE, MR WEHEE
Bit#E, 0} .0} fl 05+ %I BC, .BC, Ml F, & W54
AL MEEETEEASNRE T ERNK; 00N
FHRABEFE, O NEREBEFE, 0’ HFE
ik, ERFEBEE N, «, .0,/ 0,, BENEE
b, g, .00/ 0., BEXMFEHE_NSH, £
HRBERLF, h5&,579.31% , KA BC M
BC,; ZANM G R BC, I EH, F,ERE + L&
HiBE%E N 82.759% =& 2 & 3 M BEHREY
FHERBEERHU S ERBEERT FEHFELE
RIJT £ 0 BN 7E 17.241% ~25.974% 2 [0
B, BB IR R M B M b,

%t F i 4K TR 4 89 38t 1% BT A 268 A Hayman
g HTHR, EAMELET T REEME
(RAERB GEARHE) MG BEEUS
B AR R R FE RN MR E, R
BRR N X, BHEEEBBAEZR ", Bit
LECA R KRN REFS M- BHER,
T 3 07 B A 0 43 3 R 0. 574 0 0. 562, X Ff
FiEREMEAR FORE, ot E &, TER/D,E
L REH B RN SR B, R EEME & EE M E
Mo ABREM6 REREE, HE S LiRs®w
BA—B, A BT i U R A X A
FXR,AAKEENSEZ 2 X MEEER +
IntE- BB RN EEH] L2 X 2 B 0RO H N
1.034 F1 -1.277, 4 E SRR 1.361, ZEH
SRR AIERO0.151, HNEMARTERHT
EHEIM R R BE T EARRTIEK, W LEE
BT K IR b o OS2 55 i UG VR 4 03 ) B LB S
FOAGRZEH BEHBREN,

ARRKE W E T KR, 5 F R 0E W KE %
B H¥ERBREERMAEBEE ", X
Bk AR R w8/ (B3 K B B 45 , A 10 K R
HERHE ", #E¥EHEHCHIRITE,
MEBHTFRANAIBEN GG EEARE XEEE
MBEHELHEYEW, AXBEETAS
FEHEN BRI, FET — G, AT ERTM
M A EPRT, BRERR, REE D, ELUEHHR
L B KRR RERLEFTATE, REE
MR EEHR, ERE B, MK — > RFE,
BHAMTFHMHEENRRERANHEELE,
PG T LAZE e S B F B 80 A0 0 o S i
&, AT MK I8 1 60 20 4 R 437 A5 ( quantitative trait
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ARBHEREFH RN HREBEERNBEZ
23t EER + k- BELEREH L F SR
BFhEME TEHMRALEER 62 871% ~
79.310% , BRI BB E H N 3. 448% ~7.792% , £
BR + ZHERRER Y 74.026% ~82.759% , 3%
FELEERFTEMLEN 17.241% ~25.974% , £
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