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Table 1. Flower characteristics of seven Chrysanthemum cultivars

Cultivars Flower characteristics
Parents & cross Name Size Color Petal shape

A Gold Homae Small Purple Flat, straight

B Red Gafe Small Purple Flat, twist

C Yellow Shuho Large Yellow Flat, twist

D White Shuho Large White Flat, twist
(BxA) Red Gafe x Gold Homae Small Red Flat, straight
(CxA) Yellow Shuho x Gold Homae Small Yellow Flat, straight
(CxD) Yellow Shuho x White Shuho Large White Flat, straight
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Table 2. Primers used for the genetic analysis of Chrysanthemum cultivars

Primers used Sequence (5° — 3°)
OPA-01 CAGGCCCTTC
OPA-05 AGGGGTCTTG
OPA-07 GAAACGGGTG
OPA-08 GTGACGTAGG
OPA-09 GGGTAACGCC
OPA-10 GTGATCGCAG
OPA-11 CAATCGCCGT
OPA-14 TCTGTGCTGG
OPA-15 TTCCGAACCC
OPA-16 AGCCAGCGAA
OPB-01 GTTTCGCTCC
OPB-02 TGATCCCTGG
OPB-04 GGACTGGAGT
OPB-05 TGCGCCCTTC
OPB-06 TGCTCTGCCC
OPB-07 GGTGACGCAG
OPB-08 GTCCACACGG
OPB-10 CTGCTGGGAC
OPB-11 GTAGACCCGT
OPC-01 TTCGAGCCAG
OPC-05 GATGACCGCC
OPC-06 GAACGGACTC
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Fig. 1. RAPD molecular marker patterns generated (1) with A16 primer in the cross combination of the
[Chrysanthemum morifolium Ramat “Gold Homae” (A), “Red Gafe” (B) and “Red Gafe (¥ )x
Gold Homae (3 )” (BxA)]; (2) with B1 primer in the cross combination of [“Cold Homae” (A),
“Yellow Shuho” (C) and “Yellow Shuho (%) x Cold Homae ( 8 )” (CxA)]; (3) with A16 primer in
the cross combination of [“White Shuho” (D), C, and “Yellow Shuho (%) x White Shuho ( 3)”
(CxD)]. Type 1, II, I, IV, V, VI, and VII markers represented [male-present band (+),
female-present band (+), and offspring-present band (+)], [male-present band (+), female-present
band (+), and offspring-absent band (-)], [male-present band (+), female-absent band (-), and
offspring-present band (+)], [male-absent band (-), female-present band (+), and offspring-absent
band (-)] and [male-present band (+), female-absent band (-), and offspring-absent band (-)],
[male-absent band (-), female-present band (+), and offspring-absent band (-)] and [male-absent
band (-), female-absent band(-), and offspring-present band (+)], respectively.

=9t BYVIIE(ZE ﬂu"fﬁ)ﬁiRAPD VDNA["TT”J“ R FE T R F\,BXA CxA » CxD~’
= EJEIFE 53 W R 41 5 (|ﬁ13.1% » 361K (lﬂ_l1.6%)7V40[I#(I’JT13.0%)(, =)o igﬁJE%J RN
(non-parental) % i”“ EJ F PR EIATED Eij‘ Vil B 57 24 (meiosis) fV i A pl1 4 OEAE
(recombination) fi F‘/ 4E Agh (mutatlon) ENE N UL Y PCR A (17 15 ol Fﬁ' (heteroduplex



32 Tl 1 L3 o R A 5T+ A ]

formation)ZH 441017 o Elif A VAT BRI R R 2 8 B i{” S (E R s R
FERPERD SRR o

Fe=~ STh {78 RAPD ARGEST KT LRI
Table 3. Seven types of RAPD markers identified from three hybrid populations of Chrysanthemum

cultivars
RAPD markers of hybrid combinations
Type of Property of markers
markers A B (BxA) A C (CxA) D C (CxD)
Male Female Offspring (no.) (%) (no.) (%) (no.) (%)

Type | + + + 70 22.4 71 22.8 63 20.5
Type I + + - 13 4.2 37 11.9 32 10.4
Type 11 + - + 53 16.9 38 12.2 15 4.9
Type IV - + + 30 9.6 13 4.2 28 9.1
Type V + - - 51 16.3 42 13.5 60 19.5
Type VI - + - 55 17.6 74 23.8 70 22.7
Type VII - - + 41 13.1 36 11.6 40 13.0
Total 313 311 308
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Table 4. Similarity matrix of three hybrid combinations of Chrysanthemum cultivars
A B (BxA) A C (CxA) D C (CxD)
A(D) 1.00
B (%) 0.50 1.00
(BxA) 0.68 0.55 1.00
A(D) 1.00
C(#%) 0.56 1.00
(CxA) 0.63 0.41 1.00
D (%) 1.00
C(#%) 0.52 1.00
(CxD) 0.49 0.54 1.00
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Using RAPD Molecular Markers for the Genetic
Analysis of Chrysanthemum hybrids'

Sheng-Chung Huang, Chi-Chu Tsai and Chian-Shinn Sheu’

ABSTRACT

Forty-five random primers were screened of which twenty-two primers were
selected to detect the molecular marker in three hybrid combinations of Chrysanthemum
by using random amplified polymorphic DNA (RAPD). From this study, the patterns of
molecular markers could be classified into seven types. Type I markers shared bands in
male and female parents, and offspring. Type Il markers shared bands in male and
female parents. Type III markers shared bands in male parent and offspring. Type IV
markers shared bands in female parent and offspring. Type V markers were presented in
male only. Type VI markers were present in female only. Type VII markers were present
in offspring only. In all seven types of RAPD markers, Type I, III, and IV belong to
additive markers between parents and offspring. Of them, Type III markers were suitable
to be used for identifying true male. Different unique markers of Type VII in offspring
are quite suitable to be used for identifying the markers in new hybrid to protect the
right of plant breeders. In this study, 34.4% to 48.9% of the RAPD markers were found
to reveal additivity among parents and offspring in three populations of Chrysanthemum.
However, 38% to 52.6% of markers (Type II, V, and VI) were absent in offspring, but
11.6% to 13.1% of unique markers (Type VII) present in offspring. Moreover, there
were no definite rules as to whether markers in offspring were more similar to female or
to male parents by similarity analysis, even though that within parents were more similar
than between parent and offspring among two hybrid combinations. From above results,
it showed that the genetics of Chrysanthemum were very complex. In conclusion, the
technique of RAPD would be a powerful tool to detect the different molecular markers

in the hybrid populations of Chrysanthemum cultivars.
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