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WL TEWFIZRET F, REEXEB SRAP
Rl

R, fONR L BER L RES FRE BT BT
RE BER L BEMR KL

C RN E b, RIS AT A SCI S, Fat 210095; 2 BT REZHRAT, i 200070)

N
/

1

?

Hul

8 ZFE:. FH SRAP 4 THRCHTILT 6 MRS Rl B 2 x 4 R4 (NCID 1 38 4~ F,
IR AL R R . SRR, 17 XF SRAP SIWA & L3k 229 4, L 2 A8M4AW 127 4%, Fi¥E
ANGIYFAT 7.5 N2, ZAEMELERN 56.0%, ULHIVITEH LA SR R ILAT JEARI 0 T 2 FEEE
o 6 DNSEAMFEZ I Nei’s IAEHE AT 0.11 ~ 0.25 2 0al, ~F34525 0.19, ISR SR 2 18] 156 46
R . SEAMBAS AR BAL LR E BT 0.42 ~ 0.72 #1040 ~ 0.85 22 Ji), ZA8Je AR AL AL R
B AL C0.61) ST SRA M (0.55), BEHIARAS A T AR R R, (R KR AL A A AR AT B
[l ALy FE T EALRE, UPGMA RIK AT G KI5 AR, B R G BEARFI AL
HEHBUMTF, B SRAP 43 Fhrid vl 5 801 T 458 AEA R A5 A4 Je AR

KB Hide: MR ARTEERIIAAS: BEMEE: 7% SRAP brid

PESES: S682.1°1 XEkPRERD: A XEHS: 0513-353X (2017) 06-1116-09

Genetic Relationship Among Chrysanthemum F; Hybrids Derived from an
Incomplete Diallel Cross Unraveled by SRAP Markers
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("College of Horticulture, Nanjing Agricultural University, Key Laboratory of Landscape Agriculture, Ministry of
Agriculture, Nanjing 210095, China; * Shanghai Honghua Horticulture Co. Ltd., Shanghai 200070, China)

Abstract: Genetic relationship amongst the 6 cultivars of cut chrysanthemum and their 38 F; hybrids
derived from a 2 % 4 incomplete diallel cross was unraveled by SRAP markers. The SRAP genotyping
suggested that of the 229 fragments produced by 17 SRAP primer combinations 127 were polymorphic,
with an average of 7.5 polymorphic fragments per primer combination, thus indicative of a moderate
molecular diversity present in the entries. The Nei’s genetic distances were estimated between 0.11 - 0.25
and averaged at 0.19, denoting a close genetic relationship among the parental cultivars. The SRAP-based

genetic similarity was calculated at 0.42 - 0.72 and 0.40 - 0.85, respectively, for the parental cultivars
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and the F hybrids, and the median of genetic similarity (0.61) for the hybrids were higher than that (0.55)
for parental cultivars. This suggests a narrowing genetic base or homogenization during hybridization in
chrysanthemum, despite the occurrence of some variant lines. Based on genetic similarity matrix, the
UPGMA clustering classified the investigated entries into two major groups well congruent with female
parents and cross combinations, reinforcing the reliability of SRAP markers in distinguishing F; hybrids
resulted from different combinations in chrysanthemum.

Keywords: chrysanthemum; hybrid progeny; incomplete diallel cross; genetic similarity; molecular
identification; SRAP marker

WTAESR, LIRS Ty T 8 POrEAE% 4t (Chrysanthemum morifolium Ramat.) Fj R A1HT &
Wiy E A ORIV 2%, 20135 BRAKR 25, 2016), {HZSASEHRHARAE H TR B 4568 R it
B EEEAE . — MO, B SEAIEPEFIE NG 23 S e A B M RCR I S gt —. HAT,
KT st MRS GOC R HGE L 2 (g 55, 2007; 2MEM 45, 2007; 2(fF 4,
2012; 5KA&% 5%, 2014; Zhang et al., 2014), AAICHIFTEE RN A L2228 B P IIE ARERCIL L T8
WHEAG . AR, BEE AR TAEMABRN, 24 m Pz Wi R O LUR, 1y FLvF 20t
FUII R GE R G AN R T BAT IR R (Klieetal., 2013; Roeinetal., 2013; Lietal, 2016), iX
BIGEE R TAEN RECR A, 1EF A, RIS BN IR B, & a5
(1) 3B S At A0 2 R[] ST A0 T B A i Bk — IR (1) B B PR o ARMT,  3e A WL G T3 1S A i 5 L
HeAT Ja AR AL K R I HRIE

HRT, 4§46 B3 B2 7hrid 224055 RAPD. ISSR. AFLP. SRAP. SCoT %% (Zhangetal.,
2010; ZA%E 4%, 2013; Klieetal,, 2016; Lietal., 2016). —#%iAl, SSR HIFLBIEAHF T2 T
2T BT, KT T S @ Fl SSR Aric JF A& A FH 7 T B A AR CHGE (Wang et
al., 2013, 2014a, 2014b; Zhang et al., 2014; Li et al., 2016), fHJ& SSR )3 & 2 wf LAAE i £ A0
FEA A A BRI L2, SRAP dric LA EMERMPL, EEML, Z8%FER,
AR i, T 2 H AR T e AL BHIsvE (A 46, 2012; 5K4% 48, 2014; Liet
al., 2016). EBIEK (Zhangetal., 2011a; Wangetal., 2014a, 2014b; Pengetal., 2015) FIJCHL
SHT (ZAAE 2%, 2012; Lietal., 2016; Suetal., 2016) 2575755,

ATRIG AU 1 ZR I Tl FE SRAP 43 1 FRic A58 A6 AN 584 XA A8 i AR R v (A 300k Bk AR
a5 AL G AR A IR B A DG AR, [R] I ik 385 AR R BN S A S 0 B A I AR SR R R . A
PRSI 2 GOt iz g P = R LIRS SE e P I St = R B s T

O ZiE SRS DARE

1.1 iRIEHR
PERM R HE 6 NI EA MR (B 1) Je3 38 MAT IR, 2014 FRKLL FIREE (ZMD,
FEREE (CX) ABREA, DL EIRITRE (FZ). ‘BERWMi4’ (SD. ‘B4’ (JC) F1 QX113
NALA, Fl 2 x 4 RTERXFNFAE (NCID Wit T N THiBh R 228, JERCHIH 8 M Acdl .
2014 RIS A A28 M 1, I T 2015 SR, [FIRITHSEAR . NG NAERGIE 4 ~ 6
AR JEAT F AL L R0, HAKGS M: Al~A5 (ZMxFZ) , B1~B4 (ZMxSJ) , C1~C5
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(ZM x JC), D1 ~D5 (ZM x QX113), E1 ~E4 (CX x FZ), F1 ~F6 (CX x SI), Gl ~G5 (CX x JC) ,
H1~H4 (CXxQXI113) .

ik kR MK T A4 kAl —

Nannong Zimei Nannong Chenxia Nannong Fangzhou Nannong Sajin Nannong Jincan

1 6 MREFRARMAITEFHE

Fig.1 Inflorescence characteristics of the 6 parental cultivars of chrysanthemum

1.2 DNA 1£EV5 SRAP 9 F#rid

LE Sy Ty AR ) T v P e g, SR 20 R 1¥) CTAB 7% (Porebski et al., 1997) $2HUSEA
/1 DNA, FEH] 1%3Eepise s i pk A% 1 s BEASOR I DNA [ S AR, FRIR IS 45 50 ng - pL,
=20 C FORAFEH .

FIH 6 NSRATE 12 AN IE R 5 IF0 9 A ) 5 | ) R ik 17 X 2251 SRAP 51441 & . % SRAP
S (F 1 bR Y TR A A S %. SRAP-PCR ¥k RS ik K4 (2009) K751k
HABOE 905, UG 2 uL 10x 22, 29K 0.23 mmol - L' dNTPs, 2.25 mmol - L' mg*, #% 0.1
mmol - L 1E. RIE514, 1.0 U Tag , 100 ng /) DNA i, H ddH,O #M784% 20 uL. SRAP-PCR
NN FER (Li & Quiros, 2001): 94 CTiANE 5 min; 94 CA81E 1 min, 35 ‘CEYE 1 min, 72 CEfH
1 min, 3% 5 MEFH; 94 CAE 1 min, 50 ‘CEYE 1 min, 72 ‘CIEM 1 min, 3t 35 MEHR; 72 CIEfi
10 min; 10 CIRAE. §HRMNEHIG, BCS pL /=Y 8% AR VESE I Mt e it e vk, Wl
M 1x TBE, HLIKSE ARG TES R 2 . R P B A0 R, FFER A g Liidst.

R1 FRHRBH SRAP 5|55
Table 1 Sequences of the SRAP primers used in this study

LEFI51) . J7%] Sequence S5 . J7%1 Sequence

Forward primer Reverse primer

Mel 5'-TGAGTCCAAACCGGATA-3' Em2 5'-GACTGCGTACGAAT TTGC-3'
Me2 5'-TGAGTCCAAACCGGAGC-3’ Em5 5'-GACTGCGTACGAATT AAC-3'
Me5 5'-TGAGTCCAAACCGGAAG-3' Em6 5-GACTGCGTACGAATTGCA-3'
Me6 5'-TGAGTCCAAACCGGTAG-3' Em7 5'-GACTGCGTACGAAT TATG-3’

Me8 5'-TGAGTCCAAACCGGTGT-3’ Em10 5'-GACTGCGTACGAATTTAG-3’

Me9 5'-TGAGTCCAAACCGGTCA-3' Emll 5-GACTGCGTACGAATTTCG-3’

MelO 5'-TGAGTCCAAACCGGATG-3' Eml14 5'-GACTGCGTACGAATTCAG-3'
Mel3 5'-TGAGTCCAAACCGGTAA-3' Eml5 5'-GACTGCGTACGAATTCTG-3’

Mel6 5'-TGAGTCCAAACCGGAGG-3' Eml6 5-GACTGCGTACGAATTCGG-3'
Me21 5'-TGAGTCCTTTCCGGAGT-3'

Me23 5'-TGAGTCCAAACCGGAAT-3’

Me24 5-TGAGTCCAAACCGGATG-3'
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1.3 HiEFitS LN

4% SRAP-PCR ¥ B4 =4 i HL UK 45 51, #E 100 ~ 500 bp 22 1], {ER-ANHHFRT RS %47 & 1 F DNA
Z It “17, WA AR “0”. R 1. 0 R, FIH NTsys2.10e # 44 (Rohlf, 2005) t15H %
AZ[H) ) Neis AL PR R, DLACSRAFI AL G AR [0 1F] SM st AL AHLL R 2 A SM st A& ARl &R %L

KR4 UPGMA (Unweighted Pair-Group Method using Arithmetic averages)

®E.

5 A SPSS

v20.0 & ff (SPSS, Inc., Chicago, IL, USA) ZxHill 2 fE5 A it Pl Je HL 228 Je ARast AL A AL R 2040 XA

2 HR5IHT

2.1 SRAP ¥ %% 754
FHHITH B 17 % SRAP 51 4H&7E 6 N34k

F£2 17T WESM SRAP SIHESHITRER

Table 2 The amplified results for the 17 polymorphic SRAP

primer combinations

SRA RN S 38 M A A G AN LY G195 229 simate SRR SRR ZEPEE%
- ) . W o Primer Number of Number of polymorphic  Ratio of polymorphic
gﬁ:”rﬁ' ’ /E\:EP %,j.} I‘/'IF%T-E' 127 %’ z/il} Ii:t,fi /i-:ﬁ combination bands scored  bands bands
IPHN 56.0%, FRIRERIGIVY I 7.5 &% VeEn : o
(] 311} .
S GR 2D, WHIHEEORA LIS MAE MesEms 12 8 66.7
L g A B MelEm6 14 10 71.4
DNA KV AR RE I 225 MelEm7 8 4 50.0
L MeSEm7 15 10 66.7
2.2 FEXNEIREES Me6Em10 15 7 46.7
Mel3Emll 14 7 50.0
HT SRAP 7r FhRcEdl, 6 MEAEEA  Me24Emil 19 10 52.6
N JUSEN - Me9Em14 17 7 41.2
(kA TR AE BB 7E 011 CRIRRTE  MesBmis 8 ‘ 500
. Me8Em15 10 4 40.0
5 OHEARNE) ~ 025 CHATTA 5 F MelEmis 17 10 58.8
yon \ ENN W Me21Em15 15 10 66.7
BT 6 MRERA ML 0K E KR Melobmio 12 ; 750
. BT Total 229 127
i, T4 Mean 135 7.5 56.0
&3 6 MREFRRRME Nei's iBEIEE
Table 3 The Nei’s genetic distance among the 6 parental cultivars of chrysanthemum
A A MK MR E AT A< F A Al
Cultivar Nannong Zimei Nannong Chenxia ~ Nannong Fangzhou Nannong Sajin Nannong Jincan
P A<= B Nannong Chenxia 0.18
Fi 4 J7 /% Nannong Fangzhou 0.23 0.16
7§ A< 64> Nannong Sajin 0.17 0.11 0.17
Fg 4<%l Nannong Jincan 0.21 0.21 0.25 0.21
QX113 0.19 0.20 0.21 0.19 0.18

23 HEFARMRERERARERMBESH

MRAEFET SRAP 70 FHric ) SM AL LR %, UPGMA 2R

R F AR T RIS (K 2).

K 6 MNEGHERAS M B KL 38 AT

BIRALL FERER (ZM) NBEARRIZAL G %R AR A ] DL 243k 4 AN,
ey, W a s ‘mARSRE NS mEAWET (SD 14 MARAE (Bl ~ B4); W4l b, ¢
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Mod mlh mRER NS ‘EARSH O, ‘BRITA (FZ) QX113 MRS (4
WA Cl~C5. Al~AS. D1~D5). #Rifl, MR RABIREBALAES 13,

FIURMNUL FRIREE (CX) WBREARMIZATA A G0 AR AR AIB T A RN 4
AW, WA e BFF FEARRE . MRS K6 ANIAEMR (F1~F6), HiZuMiptkF3 5
A PRSP SRR WAL £ ARA RIS KA 4 AR (E1~E4); T4l
g G QX113 &I 4 ANZAZJEAt (H1 ~H4); WAl h ol ‘FaRE” &H 5 AR (Gl ~G5).
AU, 4 AN TR BN 11K,

—_—
G3
G5
G4

0.56 0.64 0.71 0.78 0.86
FHALLZR B Cofficient of similarity

2 ETF Dice LRI 6 MHEFRERM R 38 BRLEFKM UPGMA B
ZM: PSR CX: MR SI: MRS FZ: A& )T IC: mfk4hl. A: ZMxFZ; B: ZM x SJ; C: ZM x JC; D: ZM x QX113;
E: CX xFZ; F: CX x8J; G: CX xJC; H: CX xQXI113.
Fig.2 UPGMA dendrogram of the 6 parental chrysanthemum cultivars and their 38 hybrid progenies, based on Dice similarity
ZM: Nannong Zimei; CX: Nannong Chenxia; SJ: Nannong Sajin; FZ: Nannong Fangzhou; JC: Nannong Jincan. A: ZM x FZ;
B: ZM xS8J; C: ZM x]JC; D: ZM xQXI113; E: CX xFZ; F: CX x8J; G: CX xJC; H: CX xQXI113.

24 HUEFARERZFRAERBIARITLE

K 304 6 Mg R A R K 38 AT JE AR AR AR UM E R A . & 3 A, 6 ASoRA
an Pl R AR A LR BOAE 0.42 ~ 0.72 22 18], 38 DAL AU AL AL R B A T 0.40 ~ 0.85 Z [H]» Aist
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B R B P AR, 2% (0.61) BT 2RA AT (0.55),
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B3 FERERBRERZRRIECHURYNEE
ORI P B A FEA T AR AR B EAE 0.01 7K 25 i T2 At Bl o
Fig. 3 Box plots of the coefficients of genetic similarity for the parental cultivars and their hybrids of cut chrysanthemum

** indicates the mean genetic similarity of hybrids or all samples is significantly higher than that of the parental cultivars at P < 0.01.

3 e

WA B RE A R R E RS, MRMEERRAS . B H bR IR rst A A B T
AEMRCE RS (KK AE, 20100 KL, H T4 8 5 Fh LA 5 U Bm g 40 i A UV
WA, 2007, ZMEAM 4%, 2007; Klie etal., 2013; Roeinetal., 2013; Zhangetal., 2014; K&
% 4%, 2014; Lietal, 2016) MAHICHRIRTE Fi ARSI SE 7 (5K % 4%, 2010; Zhang et al.,
2011b; Wang et al., 2014b; Peng et al., 2015; JHigsn &5, 2015). AWFTHHH SRAP 75 FArid
PRIT T VG356 A S J 5 AN 58 2 XA 4 A8 Ja AR ) R s G &R, R 4l SRk A B Tk — A
DNA 7KV BS54 A8 Jr AR IR IEAL AL 5, F T AL A8 B RSz ik

3.1 SRAPRICHIZTMRARERMEE TR

TELMEREFCH, SRAP ARIC /a5 A6 it A B8R Th R I M AL M 2 28 1k . 0% (2012) #F5TK
I SRAP FRicAE 58 MEGKHG H I L2 SN LR Ll 80%; Tk4&4% (2014) KB SRAP Frid
16 59 By Ve s v 1) 2 A5 A7 AU 3R R 93.2%; fdlt, Li %55 (2016) HRiE 159 1 U114 SRAP £3&
PERE s LLAI A 83.7% 0 ABFTH, 17 XF SRAP S GAE 6 UL S A S A e 38 DA TE RS
FeRE B AR 2 AT AT RN 56%, W B -7 S R b A R0

FFP S e RV AT E R TAEM A G 55, 20105 R 45, 2013). T4 K24
G A AR, T A N A R B R QS (1) 2848 S5 A LR, BT DALE 36 4 it e )
FAEH Pt — AT T A4 e, uPh e 2 H T4 A ILE G R i S 4 s T (e
25, 2005; BAEP 2, 2008). B SCEREW], SRAP 4y ThricAE HABVFZAEY A JAs A A AR
(1) 73 %5 78 FHIBAE ¢ R WF ST P R I U 1R T {5 BE A4S 03 ) (Riaz et al., 2008; Huang et al., 2014),
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ifif HHTOG TA A2 414 5 AR 0 T 2@ WH e LA b . s EESE (20100 FIH SSR 4r FArid A4k
SE T Vb R AN 28 AL B e AR B o % L84 2 #EE; Bianco 45 (2011) A ISSR 23 145
W TR BEAFZAA G AR ZSFE ST, (HH AT SRAP AR EANFRIZRAZA & Al 7455
I RARE . ABETEH, SRAP 531 bic nf DR BEA KZRAZ A5 2R ALK 6 M UIAES i Bl S I 38 A
AGERXBN AL JGAI X 73 TF, - L] SRAP 735 bic vl AT T4 16 A R 28 A2 4145 Je AR 7 1

=1

= E o

32 HEFXFAMEFRIEEREMAF N

TEZRAS B R RE T, — RO A G AL 2  BOR I SR AR IR 3928 77 AR 8 A e R L3l EUAOR s A
[FIZAE T, BRI i R B A S e sk — 2P I I8 S AR AL A8 5 o 1T AR g ARt AL i 5
& IR R 43 B AN 3 47 /F (Zhang et al., 2011b; Wang et al., 2014a; Pengetal., 2015; Jihfom
55, 2015) o AWFFTH, S AE KA i A S SE2R A IR AR AR LR £ 20 00 /1T 0.42 ~ 0.72 F110.40 ~ 0.85,
AT DLW A28 JE ARt B — 28 2 R K A, B UL B R A R LSS

R, AT 2 LA G AR AR AR R B b 7 B0l 2 5 T o AR R, XA — e R L Ut B
SAENIAL SRR AT R D AR, SR EAE IR A P tBATHIE (Stafne & Clark, 2004).
TE A I 7] FL 5 24 1R A Ik A% v 7= AR 1 [R] BT Ab e e SRast AL A8 e B s[RI, HH T A A AR AT
FEIRILG, WAL ACLEE B ORI i 18] e A8 7 AR 5 A8 () JL AR OB W i i, S S A A8 B Fh LA Rk —
EMERE . L, FEA G SRR M AT, N2 EaE 2 R KM PT84, B KR EERf R 24 AL
JE RIS 0 AL Z e, HLBE A [A]— N S A i b S S T 25l A8 B R s ik
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