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Genetic analysis of salt tolerance of F, progenies between chrysanthemum and the

intergeneric hybrid of chrysanthemum and crossostephium

XU Lili, CHEN Fadi*, CHEN Sumei, FANG Weimin, ZHU Wenying, WANG Haibin, LI Peiling
College of Horticulture, Nanjing Agricultural University , Nanjing 210095, China

Abstract; Chrysanthemum ( Chrysanthemum grandiflorum, sym. Chrysanthemum morifolium) is a leading ornamental
species in garden and cut flower. The aims of this study were to find the genetic mechanism of salt tolerance of relative
genera species of chrysanthemum, which will provide an experimental basis for choosing and breeding salt tolerant
germplasm. In allied genera of chrysanthemum, many wild species possess elite attributes such as resistance to disease,
insect, virus and abiotic stresses, Crossostephium chinense is one of them. But it is usually difficult to obtain hybrids
between Crossostephium chinense and chrysanthemum cultivars. Bridge parent is an effective way to overcome the barriers of
wild hybridization and transfer useful genetic variation to elite germplasm. The F1 progeny of Chrysanthemum crassum
(Kitam. Kitam. X Crossostephium chinense (L. ) Makino, as bridge parent, was crossed with Chrysanthemum morifolium
‘Han 2’ , then the progenies were obtained successfully. The salt tolerance of plants is a complex physiological process,

but morphological changes is the most direct reflection of the stress, so salt harm index is often used as an important
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indicator of tolerance identification. Based on the salt harm index, salt tolerance inheritance of F, population was
investigated by single generation segregation analysis method of the mixed major gene plus polygene mixed inheritance model
of quantitative traits under the treatment by the concentration of NaCl 120 mmol/L. The results showed that the
transgressive segregation of salt tolerance commonly existed in F, progenies; the salt harm index ranged from 3.33% to
96.67% , the phenotypic coefficient of variability was 53.63% , mid-parent heterosis was 2.47, did not reach a significant
level. According to the data, F, population could be divided into high salt tolerant, salt tolerant, middle tolerant,
sensitivity, and high sensitivity grade, respectively, in which 14.52% are high salt tolerant, 38.70% are salt tolerant,
30.65% are middle tolerant, 9.68% are sensitive, 6.45% are high sensitive. Based on the vaules of AIC and the tests for
goodness _ of - fit under different models, salt tolerance of relative genera species of chrysanthemum was accorded with B-2
model with additive-dominant effect, additive and dominant effect of the first major gene were 18.06, —17.99; additive and
dominant effect of the second major gene were 19. 13 ,-1.44. The heritability of major genes for salt tolerance was 61. 4% .
These data indicated that the F1 progeny of the intergeneric, as bridge parent, crossed with chrysanthemum to innovate salt
tolerant chrysanthemum germplasm is practicable. Two major genes with dominantly additive gene effects were detected for
salt tolerance in relative genera species of chrysanthemum. The heritability of the major genes was high, so the salt
tolerance can be screened in the earlier generation. This study just takes a single generation genetic analysis for the salt
tolerance in relative genera species of chrysanthemum and failed to detect the presence of multiple genes control or estimate
the impact of environmental factors on salt tolerance, but detection of these major genes controlling the salt tolerance traits
would provide a theoretical basis for the further study of QTL analysis and molecular marker assisted breeding program for

salt tolerance traits in chrysanthemum.

Key Words: chrysanthemum; relative genera species of chrysanthemum; salt harm index; salt tolerance; genetic analysis
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Table 1 Grade standard of salt tolerance of chrysanthemum on seedling stage

i 6544 HEIRE i £ hERREL
Salt tolerance Salt harm index/% Salt tolerance Salt harm index/%
T High salt tolerance 0—20.0 i &5 Salt tolerance 20.1—40.0
Hiifit Middle tolerance 40.1—60.0 B Sensitivity 60.1—80.0
7112 High sensitivity 80.1—100

1.2.3  ZFpOesidn b X s i
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BEAC 5 27 By FIRECHN 33.33% ,SOA (KR EYBFIE 3 x 24845 ) F, M FHIEE N 43.33% ,F, BHIAER FHE4L

http ; //www. ecologica. cn



16 4] VFRIR A AR A AL 5 44 T - 2% i ) 2 2 58 I AR SR B9 gt 15 20 B 4905

5SS K 3. 33% —96. 67% , K T RUGEAE 1Y 78 R, 14

F, BRI EREOPA9MA TRORZ M, SRz, 12f ]

B R SRORS, 2. 47 R B EKE, Hopwimis 0T

14.52% T £h00.15 38.70% | U 4 30.65% Bk & O]

59.68% , RN 6.45% . Tl

2.2 F, BEIKmIE IR A8 1% 50 2 - M
Wm;,ﬁ%ﬁglﬁ'{ki%ﬁjL E.{E%ﬁﬁ‘%*ﬁ%u 0 5 10 152025 30 3540 4550 55 6065 7075 80859095’1;1

RIS F, BRSNS HT T8, 007 < 2" x (K ShFHH Saltharm index/ %

HYPRAG AR F, RERTE A B 2K 11 MBtERIRITT @1 s 2 < (KRB ESA =28 0) F, 2T ERESENRY

AR RIS BRAE AN AIC {H (R 4) . RIE AIC R/ 5%

7@}[[[] ﬁﬁ& AlC {EEEQ /J\& E'HE;—( /J\ AlC {Ettﬁﬁ%ﬁﬂ@ﬁ Fig.1 Frequency distribution of salt tolerance of the hybrids

%ﬁﬂﬁﬂyﬁﬁﬁ%ﬁ ﬁfﬂl AIC {Eﬁ/\ﬁ/ﬂ*ﬁﬁuﬁ A-l. between C. morifolium ‘ Han 2’ and ( C. crassum x C.
_ chinense) F,

A-4 F1 B2 = R R AR 43 1 g 557. 04,561, 28

561.28,
R2 B2 (KB FEHH)F, ZXERMEESFRNELER
Table 2 Salt tolerance comparison among C. morifolium ‘Han 2’ , (C. crassumXC. chinense) F; and the hybrids
FAR HeTol FeRh 5 RAM LB %
Parent plants Hybrids Comparison between hybrids and parents
HR(E brifE 2 55 E % WAl HIRILH ANFIGE BGEZN KT wH
? S Mid- parent X Standard ~ * /C\V Extreme Mid-parent  <Small parent  Between >High parent
value deviation value heterosis value parent value value
33.33  43.33 38.33 40.08 2.78 53.63 3.33—96.67 2.47 46.77 8.07 45.16

R3E2 x( KRB EFA)F, XK ERE

Table 3 Salt tolerance identification of the hybrids between C. morifolium ‘Han 2’ and (C. crassumXC. chinense) F,

Jafds  EBREHRE % [EINES Jafas  EBREHRE % [EINES ERHS  BEREU% [EINES
No. Salt harm index  Salt tolerance No. Salt harm index  Salt tolerance No. Salt harm index Salt tolerance

HDF78 3.33 1R HDF89 26.67 [EN HDF82 50.00 LRI
HDF57 6.67 f=A) HDF79 26.67 [DE=N HDF72 50. 00 LR
HDF85 6.67 o T HDF45 30.00 Tk HDF90 53.33 LRl
HDF83 10.00 P10 HDF59 30.00 fii L5 HDF17 56. 67 rf i
HDF46 10.00 =1 i HDF64 30.00 [HEAN HDF88 56.67 i
HDF73 13.33 o T HDF96 30.00 [TEN HDF108 56. 67 r i
HDF71 13.33 1R HDF20 32.00 [EN HDF10 60.00 LRI
HDF104 13.33 125 T HDF100 33.33 [EN HDF4 60.00 i
HDF51 16.67 1R i HDF96 36.00 [EAN HDF18 60.00 LRI
HDF43 23.33 i 3 HDF97 36.67 i 3 HDF86 60. 00 LRl
HDF75 23.33 [E=N HDF54 40.00 [HE=N HDF103 65.00 LEaN
HDF36 23.33 [[TE=N HDF106 40.00 fiit £ HDF9 66. 67 e
HDF91 23.33 i 3 HDF74 43.33 L) HDF37 66. 67 [EaN
HDF52 23.33 [EN HDF24 43.33 i HDF32 70.00 e
HDF15 26.67 [EN HDF22 43.33 F HDF53 73.33 e
HDF50 26.67 [EN HDF81 43.33 i HDF25 76.67 LiEaN
HDF48 26.67 [EN HDF56 46.67 LRl HDF28 83.33 =i
HDF77 26.67 [EN HDF109 46.67 LRI HDF44 83.33 o)
HDF101 26.67 [FEAN HDF67 46.67 Hhifif HDF11 86.67 [
HDF111 26. 67 [TEAN HDF34 46.67 rp i HDF42 96. 67 [
HDF76 26.67 [EN HDF80 50. 00 rf i

JEARRAEE F R EBOMILE w1
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x4 TRBERBTHRXURELES AIC &

Table 4 Maximum likelihood value ( MLV) and Akaike's information criterion ( AIC) under different genetic models

BRI PR AUSR R B 1E AIC

Model code Maximum value of the likelihood functions, MLV~ Akaike's information criterion value, AIC value
A0 -278.79 561.58
A_l -276. 64 561.28
A2 -278.54 563.09
A3 -278.79 565.57
A4 -276.64 561.28
B_1 -275.64 571.28
B_2 -272.52 557.04
B_3 -278.54 565.09
B_4 -278.78 563.55
B_5 -278.79 565.57
B_6 -278.79 563.57

MM U U3 U2 W FID, 3% 3 BRI TOE A PERG U6 (35 ), eBR G A 31 b 3 N B (R
VE R By | 25 SR 3 AR A e HE Y R A B B 8 /KF (H B-2 SRR ATC {5/, B Lk % B-2 Y
VB R R 1 (%) B AR | BV 46 46 30T 25 R i A Ay it A 2 vy T T 2B S PR s o, R B DR BN i -

R A5 TR 35 A AR A SRR R USRI, A I il A A R i 8% S8 (6 6) , S 2 JE R
PSR 1) B TE [ 3645, 43510 R 18, 06 1 19. 13, S P00 359 Sk G 13800, 20 1 A —17. 99 Fl—1. 44, FHE A
WAL N 61.14%

R5 BEEHKRBER

Table 5 Tests for goodness-of-fit under different models

B_2 0.009(0.9257) 0.016(0.8988) 0.022(0.8828) 0.0371(>0.05) 0.0815(>0.05)
A_l 0.008(0.9277) 0.000(0.9831) 0.071(0.7897) 0.0675(>0.05) 0.0934(>0.05)
A_4 0.008(0.9280) 0.000(0.9836) 0.072(0.7887) 0.0676(>0.05) 0.0934(>0.05)
G 2 02 02 D, S5 WA S WP 0GR R 0.461 (P=0.05)
&6 B2EATHEESHMIT
Table 6 Estimates of genetic parameters in B-2 model
REAIRAS W fEBEL genetic parameter
Model code m d, d, h, h, g'i g-%hg h%,,g /%
B-2 47.26 18.06 19.13 -17.99 -1.44 699. 06 427.42 61.14

m-?é'#{?!iiijﬁ;d,, B X IR DU BN s - B8 X R E DRI PR RO s b, 2 B — X R DAL BT 5 by < B 0 RS PR AR o) R AL T
250 cERFI 20 FRHNBER

3 g
T 252 PSR AB A 7 S 90858 a0 i T G S ke 2 DR I AR A 9 3 D T D B S R A 2 R G R E AR
BV ER v 5 R R bR . AR MR SR e — N SR 2 A A B R (H R B 8 B8 1 M T 0 1k S 22 1 T
LR 220 R B AUV RS R B 120 mmol/L NaCl k36t F 34 46 3T 2 F J@ AR ) T 2 v 22 5 W 3 M e
1=, AH T 56 NaCl AR 120 mmol/ L, ARIHH LG T e 4%, F A S B 24, 5 (R 5 7 % 44
FERHNF, 2258 IR AR 2 4 B A XS AR L H < A-F, ﬁ”““ s RN+ Z LR A (L B R A
VP St LA R O VE D A A OCHGE ™ e A K R T b, 2 e R 3 7 R B U
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ABIRGE K DA AE AT 2 b J AL £ T 5 K02 W0k DR ]| SR B0 TE i) i s8oni 2 B, B i) S RO i
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SO A K R S GO £ WX A P SR B PR S B ST 4 R . A P DR 2 R R 1 35 £ % A
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A28 P 2 L 2 - S AR | A WK R R R 0 SR A2 3 A SR A R, IR i P A O
e A5 O EORG L E RN Z | Itk S e R S R B, ARISE Ry 63.25% , HAF#E 2 FEH
il A A EAE AR T ER P %

AR AL A S B B A A4 TR R PR VSN AR TR] , Bd BN [ 1 ol sl o o 0 e 14 3t 1 ML 22
SRR AL IR S 2% . ARWFTEN g AR S A A ) S0 AR R T SR P EAT 1 38 A% 0 A7, R REAR I 757
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