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Abstract

Abstract

Zantedeschia hybrida Spr of araceae of zantedeschia spreng is originated from Africa, owing to
its peculiar flower type and abundant and gay colors, it is extensively popular in the world flower
market and ideal for cut-flower and potting, and it is praised as the star of flower in 21% century.
Currently most of the ornamental zantedeschia are of hybrid variety.

Flower color is the most fundamental ornamental shape of ornamental plants, it directly affects
the commercial value of the flower. This study took 27 Zantedeschia hybrida Spr as material,
and adopted colourimetry, histocyte observation, pigment composition analysis and pigment
content analysis to come to the following conclusions through an analysis on the effect of type
and content of pigment of Zantedeschia hybrida Spr on the tristimulus values of presentation of
Zantedeschia hybrida Spr and the effect of structure of plant tissue cell on the flower color:

(1) The colorimeter was used to evaluate the flower color of 27 varieties of Zantedeschia
hybrida Spr being collected, the cluster analysis combined with CIELab space comprehensive
analysis was used to divide the Zantedeschia hybrida Spr into six color systems, which were
Black group. Amaranth group. Red group. Yellow group. Pink groupandOrange group,
providing a theoretical basis for the classification of color system of Zantedeschia hybrida Spr,
meanwhile, providing a technical support for the molecular breeding and modification of flower
color.

(2) Petal is a carrier of anthocyanidin, the difference in content and type of anthocyanidin will
have a relatively great influence on the difference in color of spathe of Zantedeschia hybrida Spr,
and the structure of petal tissue, particularly the shape of petal epidermal cells can also influence
the reflex of incident light, thus leading to a variation of petal color. This study carried out a
microscopic observation of the tissue structure of spathe of Zantedeschia hybrida Spr by
manually making a plant tissue section, and analyzed the relationship between the anatomical
structure of cross section of Zantedeschia hybrida Spr and color generation. The result showed
that, the more the layers of chromatophore are, the darker the color of spathe is, the anthocyanin
in epidermal cell of variety from orange and red group of Zantedeschia hybrida Spr is
compounded with the anthoxanthin (flavone, flavonol ) in cell of middle mesophyll tissue to

produce red and orange color of varying degrees.
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(3) by the use of (HPLC-DAD) and (HPLC—ESI-MS") technology and adoption of standard
substance semiquantitative method , this study carried out a quantitative and qualitative analysis
on the composition and content of primary pigments in the spathe of Zantedeschia hybrida Spr.
The correlation between the phenotype parameters of flower color of variety from all the groups
of Zantedeschia hybrida Spr and composition of anthocyanin and microstructure was analyzed.
The biosynthetic pathway of anthocyanin of black group of Zantedeschia hybrida Spr and the
effect of external environment on the accumulation of anthocyanin were analyzed. By
understanding the formation mechanism of flower color of Zantedeschia hybrida Spr, a new
thought was provided for the division and measurement of its phenotype, a theoretical support
was provided for the analysis on pigment compound, identification of microscopic structure and
modification of flower color.The ultraviolet spectrometry was used to measure the carotene in
spathe of 27 Zantedeschia hybrida Spr that have been collected, of which the result showed that,
none of the 27 varieties of Zantedeschia hybrida Spr being collected was found to have any
content of carotene, thus it can be determined that, the primary pigments that are responsible for
the generation of color of yellow and orange in yellow and orange group of Zantedeschia
hybrida Spr were flavone and flavonol instead of carotenoid, moreover, the yellowness (b™)was
positively correlated with the content of flavone and flavonol (TF).

(4)By the use of illumnina/Solexa 2"—generation high-flux transcriptome sequencing, the three
varieties of Zantedeschia hybrida Spr, Little Black Girl, Romantic and Ventura, have undergone
transcriptome sequencing, a total of 446340 high-quality transcriptome short sequences had been
obtained, of which the mean length was 785bp. There are 29816 annotated Unigenes altogether
in the Nr database, through a Go functional classification and Kegg metabolic pathway, the
molecular function, biological process and cellular component of spathe of Zantedeschia hybrida
Spr had been made clear, the genes related to the synthesis of anthocyanin had been summarized

and analyzed, which found that, these genes largely existed in the form of multi-gene family.

Key words: Zantedeschia hybrida; Cyanin; Stained cell layers; Metabolic profiling;

Transcriptomesequencing
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W HWE O ST R FME O A K.

* 11 BRE IRIER R T
Table 1-1 Seven common anthocyanin aglycones

HHRHTT Anthocyanidin R1 R2 B,
KEHZ (Cy) Cyanidin H OH TRLT
HEEER (Dp) Delphinidin OH OH -
MZER (MV) Malvidin OMe OMe [RAREN
REZLZR (Pg) Pelargonidin H H AR
&4 (PO Petunidin OMe OH AR
AU (Pn) Peonidin OMe H AR

1.1.1.2 £PE [ &

5% N & (Carotenoid) /& #E 2 (Carotene) FIHH%E NEE (Xanthophyll) [ EFR,
PRI TEHEE hrp, AR KD bR, KAE MERE M2 FET AR BT E D
Vi, R4t BaEaEymEERaaR, EEwie. B 2 R REdTZ
(o3 A2, SRS M ERAE TR, AE TR, @A TR NG Rk B, BT
AN IR AR a2 . S5 IAAAE TR 20 R0 R AN |, 38 S 00 AR (R B 4 i
KRS N RAET AN, HE SR 200 H B G ma, I
OHLSEAREERS, HEB.

BAEE DRI -G8 T IR EANE Y, FIE T PR g, AN T S
LSRRG B MR EARY DR IEATAEY), WS A B S A AR, FIBE R SR ANk
e B DRI AIE TS RARRER, B0 S sl 5 R, — S bR AR
T WATEE R KIE PR EZEDATT B SRS SRR AL B S RHER P AUS A p-
BA% N & (p-carotene) [,

4RIk, NBRERRETRILT 700 RFEHZ bR, HAt s R (Lutein), &
B4 & (Lycopene). LKAt & (Zeaxanthin) « PLK a-. B-#% N& (o-/p-carotene) %, &
TR AR AT C40 K3 IR i 48, AMESR Ay A RIS S 1A, a2 1ies 20 AT A
Y, XS EREE R P DL R EE AR,
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TEIR B2 20 R A T PR A e G DR B W 1, e 5 PR Noda 867 4 i B S8 4 o i e,
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Fig 1-4 The transversesection of the petals
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¢ (RichardMartinWillst&ter) A%+ %73 K %) (PaulKarrer) 7EZRHA% 2 I I L]
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2.1.1 #8)

W H HAE = B X 34T R 0 S & RO A, SRS 27 AN, i (A
B WH T = HE R PRECA PR 2 = SRR, MR R 2 R E AR = A, €
Gk, DRAFBCE T 18 B AR AR B ORI 1 P85 DUIRE S B W% b Jea e AN [R] B Jga s o €
ISR RS 22 5« 0 M A DR 5 T A ey R S5 7 AR I B 25 R AL, 34— (DD
WH T m Mg EHR AR E . MRS LRIANE,  PLORIEE AT B BT

212 /3%

f8 FH (4 % (0. 24X (CR-400Konica Minolta China Investment Ltd.) L C/2° Jy 2% il &
TARE B . BEAS S 3 ANANE R BRRAT HOME, S mn B AR I, el AR KA B 22
PTG R 22, BRI 3 Ik, BUR 6 S EHE Mhaa i B 51 (— ok ihié
B AR A SR AT IR E TR B AR L, R 0] v A
BT, RANCEIEARMIAEE .

RHSCC Lt -REbfh, i hlatiss B S AR 7 5 RHSCC HEAT X EE

2.1.3 BB

HFH PASW Statistics 18 #cf%:, i 48 FH (8 22 A5 HO R £, By B b Ja R AE 0 R U kAT
Hierarchical ZRE 5 #r FAI 434 o SIS M )5 1k P Bz 4R (Furthest neighbor) , H
Excel X F 0 B % (At = RIE (L™, &', b (EB TS M 3 VE B s

22 ER5 5

221 B EMEmMBEE AR RENTE W

AT TR 27 AR S AR R 22 O R 0 1 AN [R] 2
bt CIEL™, a™s b™{A, i Spass #E47RISI#rHH45-5 (7= [A (Colour Space) Jf
XPHAT IR T, A HREC 6 AhahlBhAR L, BB OORERY T RRG, Bl
I 3% 43 il 22 (Black group) « 41 (Red group) « 541 (Amaranth group)  #3 1 (Pink group)
P& (Orange group) . 2 (Yellow group) 6 M & (] 2-1; £ 2-1) .
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Fig 2-1 Dendrogram of cluster of Z. hybridacultivar

®2-1 RO SRR G

Table2-1The clusters of flower color of Z. hybrid cultivars according to the flower to the flower color

parameters
5 R A4 FR
1 NI FOTTN “ERITTEI ‘LIR 7 =TT - /R &
2 R4 ERFR TRIA “HEN R =MW
3 A JIE B GEX HHE
4 3 e CBDBERER PSR A =R
5 BH  RE Wz (A EE T MERP W B AREE
6 i3> ‘AR SRR ek

27 MR AR a° b AR b, EES AT L IVRIR, 1F
WOXIRPIMRREE 50 (E2-1) o FIRRAAHOR, IRRSOBER, 465,
IVRREE S MERORSRAOR, MACKRSMATL 0. IVRIR. a"l (45 145y
MEHEA: -7.25 ¢ “Aa2FY ) ~45.46 ¢ “FEX) 5 bYE GEEE) HMiEHIN-456 ( ‘U
T ~79.59 € ‘MM 5 ha (BAHMD SAMTEHEIDy: -19° C “HEmzE) ~110° ‘A=
B (W& 2-2)
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R 2-2 RO S WAL (O E B
Table 2-2 Data of Z. hybrida flower color

CIELab coordinates

o il 42 FR = RHSCC L* o b - ho
LI A N77A 19.20 4.94 0.18 4.96 2.06
AT B N79A 22.53 9.53 0.03 9.53 0.02

e AST VAN C 187A 22.67 8.26 0.13 8.26 0.85
HER D N92A 23.89 5.56 -0.08 5.55 -0.82
UNE E N187 20.77 6.58 0.10 6.58 0.80
RN F N92 24.39 16.50 -0.39 16.49 -1.35
EIsFE G 64B 48.42 25.39 -1.00 25.39 -2.30
“EN H 71B 36.69 40.12 -2.75 40.17 -3.80
G | 22A 20.22 11.48 0.29 11.5 1.43
‘EEhnz J 79A 28.46 24.91 -6.37 25.58 -19.0
EM K N34 51.94 -6.92 48.15 48.5 33.56
an: )N L 44A 48.08 26.94 18.19 32.78 34.01
E[ M 53D 31.99 45.46 13.53 4757 16.65
b N 53A 32.88 41.87 11.23 43.47 15.00
WAL= 0 N45 35.65 37.50 13.91 40.17 20.33
“PH AR SRR P 2B 73.59 -6.98 34.02 35.21 102
AR Q 7A 81.22 -2.33 79.59 80.12 92
LI R 6A 83.80 -6.38 71.30 72.08 96
AL kP S 150D 74.15 -7.25 19.99 21.72 110
YRIg T 65B 71.37 7.76 3.17 8.57 22.19
P U 27B 80.50 441 10.73 12.05 67
MR E \Y, 36B 69.51 7.94 7.04 10.93 41
A SEDA W N155D 78.38 -1.36 6.63 7.24 102
W X 55C 70.47 17.13 2.99 17.47 9.89
SRR JEL Y 17B 74.22 5.1 79.36 80.02 86
A z N30D 58.89 14.01 27.76 31.53 63
< B 2 a 32B 69.27 37.1 32.79 49.80 73.2
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Bl 2-2 B O EE AR S
Fig 2-2 Flower color distribution of Z. hybrida cultivars
A a b T 4EALER; B: LM, b = 4R AR,
1. BER, 2. 40K, 3: 46%; 4: HER:; 5. HABGR:; 6: BER.

(D) SR TR R I, AU TR B 27 AR B DI P, AR R
P LA G BHOR-HAGR-BO R 0OR KA 0OR—~ BORNFKIK
Bk, EERLUMERK BERED.

() BELERESM a™EH (LB MMRHER, 86 R FEFUEIEE N 510,
Hp R MFBEIEEEE S, a l KNP IR A RSB B RZ>BERSH O 6
R>WEOR, AERMF aEHEK.

(3) b™E GERED MARHE AR AR SFESMMETEE N0, HAOBRERAR
SFRTEIE B A, e B R PR TE IEAE G N oA, X5 a2 7 (1 56 18 R A
) b ME R AL AL . DA K AMRUCHIS (B Z>T RS R2> B RS B R>5
AR, HERMM D ERK.

(4) ha [ CHES) MAARIENBEOR, HAGR, RAOR. 2O RMGHS
VG (-19~345) i a Hifftic, wERSBERMF (49°~110°) 73105 90° it
T b, 3X 5 CIELa"o™ 7% [A] vt J82 ) & €8 € A £ 43 A7 Y8 B R BSUE TR] o haw {BK /)N
WA O RSB O RS AGRSD O RSEAORSBOR, PO RMEA ha k.

(5) CH CEREE) BN KAMRIKCARS 1 R >4 0 RZ>0 0 />R 0 2> 8 (0 &>
MR,

(6) BEEITEODFERORSHERMLMZE L'a b ERI, BRORE5HOR
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affi. bME. CME CER el BERN LEENAERD.

(7 EwERSBE RGP b ES AL, ERE RS a™EHE 6 R e,
L™ 5535 60 R A R IG

(8) AtRGRAGRMMZI a™ES LMES AL, (HEOERHF b HILA
BRIK, XATREMSIE L AR SRR A2 5 1 R B
222 B OHEZFRIFECBHEXE S

L™ 2 A R E AR [0 B e by, &5 b ME R s e AR B %R . a{H.
b {EL (14738 A 2 X RE DA FR) 5 B8 7 AR ARR R 52

f# A Microsoft Office Excell #AFXf &R M LMEHS al. LMES b EIHTIE L
ST, A R2 MR/ B AT SE FE I B e AR, A RPEEIE S 1, Uiy
TSR, ST RIMEODHEESGRMEFPERaOt. a6, B, Balmxi
MAEREFLMES a HEIHREERFAER (R20.663) (] 2-3) XFR, UHEEEL
FERISE R, BhER RS LMERE 2 PR,

60 R?=0.6636
50 .
40 - e

30 .

20

10

O T T T O
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-10 -

L*

2-3 RO WERL ., L, B, BERMES LS a kR

Fig 2-3 Relationships between L" and a®among red pink amaranth orange of Z. hybrid

AL A 0 20X =AM R A LE S b SR A IEA RS R (R==0.613)
PEUIBEIX b" () Hde, LMEMEZ T (8 2-4) .
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Fig 2-4 Relationships between L"and b*among yellow orange red of Z. hybrida

CER N 7B mUK R, HIFE S bk, CHEMKR, ERMIFIRIM S, 2t
i, AEBERTEARCEH LMEEREMIEMAX (R?=0.552; R’=0.844) , R HF
SO R MPBEE R R, X 2R O R a5 8 10 2R R 2 68 o 2 o
SR, ZEREEEONHRTEEM (K25 . 46K CHES LYMH 2R E AR
(R?=0.904) KEHBER LMK, SRELMERIK. HRMEBEGAR, 462, HABKX=
MR CHES LMESLMERIEME KR ARE (R=0.164; R*=0.217; R?=0.224) ([

2-5) .
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30 - DDGAA
20 | WX
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K 2-5 B0 S i s A LTS C oA A
Fig 2-5 The scatterplot according to L™ and C” among Z. hybrida cultivars
+: HEEGER; O: AR, A: AR, RABER;, X: BAER; O: BAER
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BEER R2=0.5465 4% R? = 0.9042
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Fig 2-6 The scatterplot according to L"and C among each group Z. Hybrida cultivars

2.3 1118

2.3.1 B D (R ELTE G B TS AMILL AR

FEAC I E TR $ b, BEFE T LR (D L HE SR sE; (2
PRI E I TAERREE (SRR = A0+ (4) BEESE 2R TR K /N AT e 230
BIE (3) SR TAR A a8 9% K rT e sh itk

F WL 8 B A2 X TSI B0RG TR AN BN A Gt AT i oA I e VE e (EAEAE
Vs, AFSERRAMAZ BAFAEZ ISR, P VAR R #AT € /o tr, SOt AT
BRI AN A0 PR R IR I (6 P o F AU 0925 2 SR e A B I T PN PR35 A 72 B RS DU
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et AR L BRI s R 7 Besh Vs, RN ORI XT HERT, A REE,
HER (8929) , CAUEH] 800 AP bl (kLTI €, AR AR B 5 2 el 250 € fr) 75
T, ARZRENEN REENIRE], REHS, R IEZI MRS, *EL5E LT
FICAE A () LS 83, 57 A L 6 e ST TR0 (038, B 4R 730 6 A Ml 4 197 A kR
WG, PULHEZERES R MES. BT ERENMRE, w5 TGt
VIR, ST AR AR A,

e A I FH BE A R o B Akt i, S24h e m N, e BRI &, (ETIRA
It b 25 o S I R B AT AR R ZEAORIR L TUAT 25t AR e AR
RMEDR, L, BHATEAEEIER, ¥ H A5 RS GRS S, AN R E IS
PRI B AR

ARHFFRAAEORR L a's b AT RIS IR B 45 R R G 78 2 RAEM YL L) 3
RE s, WA R M aESFS I, PR THAGRT. AT EE S
[R5 X AR R BHAT 7328, WAFTEAN RERE 6 RO € R S50 € R BEAT X 43 11 ) R 102,
M55 (2012) ffH ISCC-NBS 444 K /REEAT 73 ] DL B R 2 A JE A Rt IX 43 &1
BRI, HEMEGOEAR, HXMINEBAEREED, R ISR EZ AL,

232 B OmEHREERaRENSh

AR, IR Z W #H DAL R BB A A, LB R AL T LB S A 6 gy
Gt T R E MR T TAESS, A M E A R e S 0, S TR R A=
WAETEAT 73 F IR TE 2 1 PN UL B R A0 (AP 90 7 LA 5 LT

AR OB T RTEE, ARIS M IR 27 SR E D EL T
M. MELREREOA, 26, B, hat. XUNANMRSM LME GeE 5 a
B (L) EMEERAMX (R2=0663) (& 2-3) , #., B, 426, = MR
FLYE G 5 oM GERED R2IUHREEMIEMKLKLR (R20613) (K 2-4) , X
MREG XA T ERRT ST A K.

HOLESERFR ORGSR E US5RE CZEMXARR. BORASHOR LMEYS
CEEEFIEMX, ABRBENME, BER. RUOBR. HAGREMERIEE KT
AR BEEE (2012) XF 811 MM FPRHATIL BRI LME S CHEIHTA /T K
B, By, af, S, B, Bk e MR, SE 20 (R20.770) , ARG,
WEMESE 3 MR, FHEMAEKPFARE (R20.250) . Hashimoto %5 (2000) *f 21
MEE B, REMNEOS AR GRELGMEARAN LES CHEIHMTHE MK
B, —HBEEZEAMIE (R2=0.980) B4, XAl AL AR FYF TR R I1ETH RH &Y LI
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F=E REORHERMEHSERSMX 2 BTN
31 MREEE

3.1.1 ##l

ARG BUETIH 6 KR 27 AR O DI, PR R 2T,
U k. PRIUR A T B A A ST B b I 4 TR A, W
SR, 5EEMER.

3.1.2 53k

Bt B 35 ML IR RN B R ZEARK, TSV T AR A (5, B s B R 10 T
B TARIF G, BIAETIIEE, REEMEEIIE IS MK, LR R IR
W, REENERAER, AT IEW A IR A, RS I R e,
FEETEHURE TR b, 35 Esssir, IR 2 REUK AR T, BERaa A E
AKBRCE THE S R B S R g, F BN 10 A T 2% (Digital
Sight DS-Fi2, JEHEA ) B9, S0t At 405 44 Rl 6 3 CE M AR r 100 5 0 of LT €728 St
It FR PR B

32 BRE D
321 & DHEREE R MEHR T
SEH LT AE AR S LR AT, SEBIR e, AL s 4 AL

PR EAOR, SN IEN LFEOREN, SORMPELEEE, WirOLLk
B, AL ST ROS O, RN TER 12 B A B AR B &5 A7 — e 8T 3 A i 7
Fitk, MMEZMIE AL ROR . 28 Y e LR AR kR, X IR
JEURT LS NSRS OIG, B i E 3R AR, AT 84 0 € e i JRE 188 81, iy o PR £ 2 12 24
HRZs R REE RO 2 [ SAHE, WAL B AR .

AL WA I R O Ly S B JE R e T UD P I, Rt B b e e 2 (o
ATAE bR R AN ST 3R B AR 2 SR 4R (MM AR R L 2D o, H EER R
& AR ZW R T IRE, BLOCEERE sAossl (8 3-1) , H BRI
oA EEEAE, TN R LR Al A, BIRENG S B R R B R B
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Fig 3-1 ‘Roseland’images ofcross-section structures
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ey Rat, mERMM LT RE ML S R0, LR 2 0 A1 5 B
e, SAEM. B aR. Fik, mOsMrRe SEES, W RN
FEAOREOER.

Ll R O S DM A B 20 i R I 3R AL 1) 40 AT BB S B e R (8 5
FE, AET R E AR K0T AL W Bl K 2 EE N AR N AL 2R 2 R A6 3R A e £
2
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Fig 3-2 Images of Z. hybrida cultivars of each color group and their cross-section structures
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1: éxz{r”:, 2: %}%é%, 3:2]:%@%: 4. E’fé%, 5: *ﬁ@%‘:, 6: ﬁ:}é%
a: ‘4J’ (Mirages) ; b: ‘7% (Jack) ; c: ‘& ¥I57% /)7 (Chocolate): d: ‘i’ (Cantor) ;
e: “/NEG (Blackgirl) ; f: ‘4L’ (prado) : g: ‘FikFE’ (StantaFe); h: ‘“fEAN’ (Lover) ;
i: ‘WS’ (Promise); j:  ‘HEINZE’ (Picasso); k: ‘A#F7 (Premio) ; I: ‘ALBEARL’ (Durance); m:
‘“EX’ (Figo); n:  “BBH#T (Murano); o:  “JJEE™ (Trinity) ; p: “BHYGIESRE (Sun Club); q:
FRRT (Solo)s r: ‘4’ Qincheng) ; s: ‘AiZ%E} (Blanc); t: ‘JR¥E7  (Romance) ju: ‘¥
Wh 5 ove MZREHD (Melrose); w:  ‘Juld”  (Ventura) 5 x: ‘Wz’ Jianai) 5 y: kR
B (Premio) ; z: ‘EN#AR’ (Lido); a: “Bifizz’ (Odean)

3.3 ik

331 LB EABBETHNI BRI

WA Rt S B R B 28 AR, S R A e e ) i i B 3
AtEOL, RIORYIB AT B TR B g, HANE R A e ez
HAE, BUEBIRE Gz B (5 3-2) .

AR T TR AR i o O A R B A 5 D) T A S A RO SR T AR R, B Bk
RS TR E S T ORYI, B ENREORYEN I BN RS BT
RN 2-3 JZM WALZAANM S & 5 TR S IRIERAET &1, IR AL 2 e (g
e

E 3 X 5 0 2R At Rl A A S 2 A D) T S B R R T A5, PR AR
M S A K S s T N AR, BT SR B N AT BN AN 20
R TAER BT 2 SR AR R, T B i S Sl T 3R B it PRI 4R R
MR R, PR Y 2 TE .

XL Z i A AR S S A LS AT N, b e 3R R A 5 I 4R A 24 4R T
WER ML ORYRH SR T TR, ORENREABRA DML, R
A ¥ R BRI AT R AR R, R ARG AT KRR SR B R YR, R
R TET RER KRR L& S 1 2t WA, (e EIhat.

X SRt 2 R L R R LR AT Y, SR8 AR KRt S ol R B 4 M 5
WAL AT RE A0, AREARSHRAZRA R MrmEROOR
Yo (BB, SEREE .

By VAR AR RS LTI R, R A A T ER B A, BRI
AEIEI A A S, EWNME OB LR TR T AFRRERR AT, T
RECG M WL MM W B ET R E A, M AAREI A6, wEERE
PRI B 73T 3 BSoMr 1 B 2% 0 i 2 Y 2 L A

A O 2R P B R L AT A Y, RO S S AR AR P A L SR B
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W, SRR, X tR. BOR. ORI EB DI Lt AL, H
g (] AR ST A B S BB, RIRAINA S HEET R T NERANZE
i, ZLE AR SR R IR BN IR o A O 5], B8t il P (i 3R S A= LBy 1
WO RREMP AT R FNORRR, 17 RTS8 g th 5
i 20 AR i A 2 ) T R A

HETHIRZ AT L Qb , AR SR el £ TR PRt R TGO E
EARRM—ANEERFE, g, FAS. \lfee

3.3.2 BB R AR AR XS T B RS2

TEIER B AL IR AR R A E C AR S 1Y) — D L E R, 2 8 T YE e B3R e an
M R HER,  AHE O AR 27 A S oAb S R AT H RS M ISR, R BLR B A
BAHEAL, 12w TR IR ZE M R B 22 s, I EfE AR ik . ££
WLEERD By B B AL B s i P B I RBE R R A ClrE . 3E) KM 4
FEA KRR, el S0 KRN TER T EASDCLR 2 X i B3 T i 2 21
Mg gl a2 O, BRI 0, X2 H ORI EEGR N — AN EEEH .
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Figure 3-3 Zantedeschia hybrida cross-section structures
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3.4 KE NG

ZXFO S EHE G R ARSI, BER, RA4OR. HAGRMMEK
MpPESAORALZ, PRHRNHL R CEYIR. 10 R AR R0 T2t R A
B0, WRHARRH G, REMALONMARE, HRLLEANIE NN
S ST ELG, AT TR . R, LERM, REZANNE SO
M=, e AR 2R, PRI R G774 T AR ERE S B .
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FE RS EHE M AR R MR S S B R i

BNE BEIREHEEERMAR S BINH
4.1 PS5k

4.1.1 2 HEEE &RV ER

ESUHI 7 €6 T B O A W5 €35 50 3 23 TRON TR A DV RV T S, 0 1 PR Ay
AR FEREEWIHE RS, MRS SRR (V (FED : V 0K : V (B : V (=
FEEER) =70: 27: 2: 1) HEEHFHTN, 4 250mg HrEfEEN 1ml SEEORIR I
B S EARE FORE S AC B VA TS B HIE, $RBURCA R, 4 100mg 2 i1 1ml FE
B, B EOEE TIRSIRG R RN EY . WA E T 4°ChE, 1347 24h, 1
B8 12h BB, SR H 0.2um [T UE AT EIREGH, L UEE /RIS, CE T-80°C
IR KA A
412 HE NERIER

U 6 R €0, T B 0 e v ()5 439 5038 73 0.1g VAR B IO NS BG (V- CA ik
(30°C-60°C) ) : V (M) =1: 1D 5mL, KA BRI B EER G & LR R,
MG EAVEEEDE, 4°C BOLId R (G242 8h Lh b)) I HY Rid W FH Hh Itk B 46T $2 UK
BT IR . K PSR N R IRBOGRSCE TR B0 N o FRITE-80 C B IELUK S P9 45

15 J5 SR SRR AR,
413 BB ARRELENSENEREWEE

K H B ROROHE (i e 165 5 B SRR RSy . B RIS EH Agilent &
OB A, 22 P680 A, [ B HERE 2% v UltiMate3000, 48 41 AT WL Y66 %% v DAD-100;
MR AN TCC-100; filiA ) Agilent A E]ff) ZORBAX A SB-Aq (4.6mm>250mm) , &
%N 4um. HPLC J%E 5604 JshAAN A. B HikH. AMIN: /K @ iR | =HEE#R=97.9:
2:0.1; BAIN: KD 4HE WK =RBR=62.9 1352 0.1, maiHIEBERE T4
RS 0.2um FERHGSIE . BEFFECA 10pL, AEIE 25°C, ¥ 0.8mL/min. ¥izhAH B YL
B ERE N : 0~20min, 30%~53%; 20~40min, 53%~5%; 40~45min, 53%~30%; 45~
50min, 30%~30%; MK 515 AL - AL H s i AR 671, SR F LLFRE
NFERERPEE RN TEIT T RS =,

TR P I 0 e A P 382 O ) A R IR i AR AE L 4% (Ultimate 3000-AP1 3200 Q
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TRAP) . iS5y MSLab HP-C18 (150*4.6mm 5Sum) , HPLC %€ %44:: WshHAN A

(K> B (ZJF) WiAlH. #EFEESN 10ul, FHif 50€, FE Imlimin. FahAH B 5k
FEN: 0~1.5min, 90%; 1.5~7min, 70%; 7~8min, 40%; 8~10min, 5%; 10~~15min,
90%, il K 350nm A AE B B T L A PR A 1 U TR ARG, SR R PR oA e B
Tt 5, UL umg/g Frif G EAEIE R A R . AhsdEmEY, RHAMRE>
T E S WA

HPLC-MS 73 #7561 = ROBURE € ii- i 5 1 14 - Ui I A (HPLC-ESI-MS) % it
MEAXNET R T EAT M. KA Agilent 6540Q-TOT V& Jit Mk HI A% #E 4T
HPLC-ESI-MS 7347 o AR €4 3% (1) 73 17 2 At TR P IR b o ot i 20 A7 2% A B 25 B9 4L (ESD,
BT BE M A, 4RV (m/2) 5 100~1600; 1F & A, B4 #E 3500V,
525 2% Ik 77 200kPa, E4IE H FHE 100V, B4IEH D HEE 117V, FEEE 350°C, F
S (N2) Jiii# 6.0L/min. H MZmine 3 R s 25 5 .

PR AFA R G4 2 (Cyanidin) « #lEZ & (Naringenin) . 72tz (Apigenin) .
KJEFEER (Luteolin) « —EHF =& (Dihydromyricetin) . — & 111 25} ( Dihydrokaempferol) .
“AME . (Dihydroquercetin) . 3 (Myricetin) . 11ZH) (Kaempferol) F#i )
% (Quercetin) ¥JIF IR AR A PR A

. Microsoft Office Excel 2007 AT 4 H5 3 B % B R L b AT S it o0 b, N IZED
[ H 7V E AT 04T
414 BRAFEIR AT NEROIE

A8 UG R AR-TT WG 66 T (TU-1901, bt A ES A IR AT 7E3K
T8 [y 400~500nm AbidEAT 58 h- AT WOt i a4l 72,

4.2 R K73
421 XEDHEBBEFLRFCEIR I REESH
4211 REDEERBEFESZRERIRESESH

SR HPLC-PAD J7iEXT 6 KR 27 ANl R (0 S R M G AT 16 75 2= A0 26
e, 1R FE G RE G D HPLC K1, 7EAMI K 515nm bt itk K, fR3E4E
HH R T E R T B, AR U O B I AN R T i e AR T B AR (B 4-0 o Wl
SELE R, WERBIN 6 Kt R MFIEH R A WM, IR RMEE, mah
Al (26min) . A2 (28min) , MEBBRMHEHEGER ( R O F, KN
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EHE R T RCRHENE . LA RN C AR o BRI D L BER CW
O RRIE] AL A2 BT R ICRIIE I

HHRTH TSP T THRB 6, CAIM+H] TR E AR, 67 AR
(X 43 3 B FL B o 1 0 B T [Y o] * RS AT bl ) e AR 7 I 2 U0 T AR FUR 2 P
RE AT 04T, EERE AL L RPUES R T T miz595 ([M]+HD (& 4-2)
FORE I FRFAERY 7 B 1 m/z287 ([YOI") Jiifar b N R 440 3R H JCAFAERY B 1 miz, Al
HANEE A BT m/z491 ([M-Rha-Caf+H]") N T BTk 1 MBS ([Rha]®) F—A
BEE ([Cafl) MIZEE, WRIBHIE (MS) i Ht4s& AR I HREBe T et AL 2 DUR
R RTTIONZLG, w5 — A RAREEA— R, AL REH R EBRE B RMFIINTE
RGP By, REODEREMGEA AN EEE O, XWHU TR
OO EES ORISR DL O, R OO RN TR .

A2 AR ZEZEZH UL — DR — MR (] 4-2) o Bt HEE AL A
R ZE 3G 2 -3-NEEE- B2 BETF (Cy3caffeicRha) ; fEH R A2 & —JRIEHER S TE T
m/z 595 ([M]+H) , HBJHUH RZEZERFHER &+ m/z 271 ([YO]") FHARE A &+ m/z
433 ([M-Glu-Caf+H]") A7 &2 — 3 ([Glu]) F—oisElEIE ([Cafl) 14k
BHETE R AL IE R -3-INERE- A B EF (Pg3caffeicGl) , A2 (Pg) FEEIRAE T4 R 5%
O RIER 7> &R (Murano. Trinity. Durance A1 Lido) 4, ‘BHiig’ . ‘JI8 . ‘AW
W F0OCERERT PUAS AR Pg HEAETF R (TA [LLE5 714 38.5%. 16.9%. 12%.
28.5%.
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Fig 4-1 Amounts of major anthocyanins in Z. hybrida

AR B AR AE o FA R 4 2R P S e ARl dr it 42 (BD , SRR GE D
ERODEESARERTMN 5 MAEP (B 4D, HERHSERORLMRS
(208.9~1179.8ug/g) , HixZ T HAth 4 MR, HIGERA O R MM (100.3~110.9ug/g)
BHREREAEBRMSM (64.6~104.1ng/g) , WGR/RMERMM (5.7~3%ug/g) LR R T
(5.8~74.5ug/g) , HBOREMORETRHESEEBAKR, HORALMEHBEAR ¢
Eﬁ’@ﬁ$iﬁ%ﬁ%§%ﬁ%&ﬁo

287.055

OH

M+H]

-308 595.165

449.107 146

Al
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Fig 4-2 Mass spectra and structure of anthocyanin A1, A2
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Fig 4-3 Box plot of different color group of Z. hybrida cultivars
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12 - y = 1E-05x - 0.000
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{00.8 .
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Fig4-4 Cyanidin standard curve

4212 e omEfaah i 2RSS g

SKH HPLC-PAD J772%f 6 K. 27 AdnFh (R 0 D B i S g A7 B . S
e, 19 2A [F) B R 8 (0 5 B HPLC B3RS, ZEASIIE K 350nm Ak i) €% Pl mhoi i v o
AR SR I R P W T AR, R RR A T IR S U T AR e AR 2 (1 4-5)
TR H S SRR

3

M /mg.mL1

y = 0.00005x - 0.09369
R?=0.99845

25+

7 -

* RE
— M (RE)

0 T T T T T 1
0.00 10000.00 20000.00 30000.00 40000.00 50000.00 60000.00

IZEFE /mau

Kl 4-5 7T bRtk £
Fig 4-5 Rutin standard curve

£ 350nm b B AL S RAE R g, FTLAE HETE R B D RER R £ E
(1 4% R 4 A

MR b, R RAE D EE & AR IR S ER S, B RF
ZIBAERKZESR . Hod B R A (7013.3-9583.3pg/g) « 4540 {0 & (3775.3-10420.5ug/g) «
41{7 % (3185.0-6916.6pg/g) « F{f % (773.8-8237.2ug/g) « M & (772.5-7299.3ug/g) «
PR (4201.0-4457.3ug/g) -«
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R A-1 27 DR S B AR B K S BT E CH ISR %)

Table 4-1 Petal anthocyanin mean values (in peak areas %) of 27Z.hybrida cultivars

R Mphe Cy" (%) Pg° (%) TA® (ug/g) TF (pg/g) Cl°
1,BER
LI 100 — 485.1 7249.6 14.9
A 100 — 617.2 8362.0 13.5
T ) 100 — 546.0 7013.3 12.8
EER 100 — 767.3 8757.0 11.4
NG 100 — 1179.8 9583.3 8.1
RN 100 — 665.3 7749.3 11.6
R TANLEA
EIsFE 100 — 56.7 5021.2 88.4
“EN 100 — 100.9 10420.5 103.2
HE 100 — 208.9 4312.7 20.6
‘Bz 100 — 100.3 3775.3 37.3
M 100 — 164.0 4668.6 28.4
KR AR
an: )N 88 12.0 32.4 5360.0 165.4
ke 100 — 75.4 6916.6 91.7
Bt 61.5 38.5 104.1 3185.0 30.6
Wak=% 83.1 16.9 78.7 42434 53.9
4, MR
PHYGE IR — — 0 5589.9 —
AR — — 0 1702.8 —
et — — 0 773.8 —
A LRP — — 0 8237.2 —
58 HE, —
RIg 100 — 14.2 4548.6 318.9
HE 100 — 7.3 7299.3 989.1
MR 2 Hp 100 — 5.7 1086.2 189.5
A SEDA — — 0 772.5 —
Lz 100 — 20.8 4450.8 213.9
6,55 1 R
KRR 100 — 5.8 4457.3 768.5
i 71.5 28.5 74.2 4312.6 58.1
< B 2 100 — 65.1 4201.0 64.5

a: R B S R 2.
b: cy: cyanidin K43 % pg: Pelargonidin K235 2
c: TALRKIEERTMSE: TR SN, ERENSE; Cl: EIEH (Cl=TRHTA)

422 XBDIERBEETALZ MEREIN-AT RS
AN IR (L L % 27 DA RS A RS DRI, SR IT
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HER N . Bz
=R AR

4-6 T EO FELA-T] WG g 45 R
Fig 4-6 UV-visible spectra result of each color group

FEERA-A] DG 25 S e H DA R I ) B4R AE 190-400nm KB RFAE(E . I
ATLVEH, BrAf RS FE 208nm 5 218nm AL RHEME, Z0f0 R EFHEE 214 5 226nm 4
HOUFAEE, RO RMFIE 284nm kb HBURFAE(E . B R SFTE 394nm 5 217nm 4k Hi B
FRAEME . SRL0 10 R ShRIAE 228nm AL 5 231nm AbHBURFEE . 5 (0 2 S RHUIAE 228nm Akt
LT REEAE

TESRAE DA - T WIE IR AEE 25 R h, 76 200-400nm HH B iy, e
200-220nm WS A7) A KN, 340-390nm R IS S B AR R TR AE T 20 Ry e R R £
R, WEEE HBE IR, FRAEER R KA R (HRIEE N R IRIOR
[R5 Hh-T W45 SR AR A W5 B B R 1 28 A B8 N ZRRE(E g (400-500nm) Ak 5 HH
MO D ERE G R a6, BEAEArBaaRIFNEREE ME.

123 MBS EBIGETLTREREERE
NT DT R A S B RO RRE N, AR TR A R . R
B VuBEERT SHEZENETERERS TR, SR RIE A N B
(TA=1179.8ug/lg) Skl IRI8’ (TA=14.2uglg) SHREFRZ, MAGRLF TEE
i’ (TA=Opglg) NIEH BRI GHIEHE RFMATER O ATEOLEIEE RT S
RIS, BATIAT 7 2T A R AR = I AT T (R 42, SRR
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Z I A P AR OR, e RO R AR NIRRT T B
AR JRIE , HEGMR EEE , AT R R R AT ARG A L E ST
FEZRA . 1 NRIT 5 Ve JFEARREER (Luteolin) &M, XARELHT
TSR AR EL R (Luteolin) & ) DVENS JE[H 2 2] T I BT, BTl =/ 5t e
#E LLLER B AT AV & B

FA-2 UNRMC . RET . BB =ANEAR IR, SEERE S R

Table 4-2 the intermediate metabolites of flavonoids in Black girl .Romance and Ventura

it Ff A4 R

ST HEE G IRiE’ NN’ NEE A
iz % 0.80 4.60 1.10
NS 3.0 0.0 0.0
Witlg % 75.7 41.2 190.0
—EAmtEER 48.9 495.0 72.0
—EHILEw 234.0 1370.0 959
AR 17.2 40.4 0.20
1 Z5 ) 1660.0 2540.0 862.0
Wil 2= 21.9 163.0 0.30
JLEEE 255.0 1070.0 75.9
EIIR 53 351.0 5320.0 126.0

7 25 : Naringenin; AR ZE: Luteolin; ##§Z: Myriceting &M% : Dihydromyricetin; —
S1LI%3®y: Dihydrokaempferol; — &Mtz % Dihydroquercetin; 1LIZ5H;: Kaempferol; #fl & 2% Quercetin;
JL7#% % Catechin; % JL7¢ % Epicatechin
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4.3 7118

431 X EOEEARE R ZmMMEERANEE

PRI FAE ) B Z TR, e AR Rl o =2 K, A b
R AR, AHERTHEEEEIE. B, 4. LSMEa, HhRARRIFMIEa L
AOPREAE, KREFRTMEAOEIAO. Fat, SRt i,
FH R O 2R T A ORI G, KA MR ORI R RO G0,

A FEE L HPLC-DAD 5 HPLC-ESI-MS H AR R0 T % 27 AN Rh ik i
WHRFHTSE, RUBRTHRORMAGQH YaER AEE R, LRGSR
B AT R, BREHT (Cy) NEEMS, REFERDT (Pg) RTE4MNEF FH
B ‘BRE . )B . CTiEY PR, REFERFIEEEARMMELARR
F gt G BAEEREE (TA) MEEE/N. REFHEE (Cy) WT T HEEA R~
JEMLLt, REZFEEORE (P WIRT 7 IE A RIRE R AL, T E R 0 T 5 M )
B ARG B R IOATAEY), X RE AL ELEARNEEER L — &%
BAOMEERTEVTURNEOLHEMGEUEONERTEREATHESRSENER
FITUR5E 1) ASHIE FE (R 0 R 68 5 S SR B R A A B0 N3, XU B T 283
MR EY) (el RITSEMR. EHRED 2EMmE D RERAMERYR, FHIAA,
R R OB AN EEORY TSI, . SRS R R — R E
Witag, EILEORE (Cl=TRHTA) KT 5 I RIEILE L Ie AR AL M) CHE
KT 5, UtBAAER 5y i 5 60 T B 5 B i e e A O IR

FER O S M b P A U AR E T R Ry, HP REZERH (P ERGY
PRI T E ORI, RIES R E AR SO S HRGE.

R4 Wollenweber et al (2003) HIWFFARBIEHF R H HHEME GalE. EmHRED L6
HOE—EME&BEFEAEHTT OEEYEREIH K6, R RRERAET R
F 5 EHLERIE S LAk 5w ] DU e 2 a0, (Egh B i Al -5 SOk 2 ik R R B
R E L EE, XA El TREASEEMREE TR TIERSEIR™ -
BEAL I AT . H Meyer et al (1987) 1 VGBI FE K TR B2 AR T T e tadiu e, 3%
PR T K & 1 da FHTE XD U SR AL (73 57 b on ) Rt PHSVSE [l 2 56, xR
B A R R S BT AL, T LA Bh kA T8 FH 2R R TR A 7 B R 7 Uk B H 84
O DRE, ML RE EENETRE L.
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Fig4-7 Relationship between L* and TA inZ. Hybridacultivars of different color groups

4321 2 ZmMAIFL

FECEE B 27 AR B 2 M, FEE XI5 5 (Jack) s 4: %237 52 77 (Chocolate) :

MY (Cantor) ; /NEY (Black girl) ; 4% (Prado) X 6 MEA# RN B A, FE
SAETRTSEREMEY), HhHE R ENTBERE O, S, BSEERElCy3:
B BhAE U, L AR BT B 1R (0 T B €8 R P2 B 1 (208.9~1179.8 pg/g)
BOERMMGERMSERTEZRNRRN: LEE TA SEEREERN A
(R?=0.637) IFBH B0 R SR BEIX B A PR AR T R T S RN, SRR 2 PRK, &
FIEERT TAS5a (RZ0.016) , HHIFEE. R (TF) 5b° (R=20.002) £t
PEIE AP IEA R, E e B IR ToAH
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Fig 4-8 Relationgships between b"and TA or TF among black cultivars of Zantedeschia hybrida

4.3.2.2 RO B FRMIHIF AR

HEH CEIEFE” L HENT L ETT L CEEIMER” L MY X5 AR N E
g, FESHEFRESEIERNEY, HFREEATENEOWE, LR G,
PR Oy FERHBIE O, SREFTRT (TA) 55E 2R 20 HREER
AR (R2=0.709) (& 4-9) , UL ORSEMEGEHE LMERE TA 188134
TN R . 'l (4 SEREFRFSE (TA) EWMEENAMR, TUnXaER-IETH
R & ER LA TR

60 - 30
=
50 - * R==0.709 25 "o R==0.837
40 -~ . 20 - *
' 30 -~ PS *s 15 -
20 - 10 - ¢
10 - 5 |
0 T T | (0] T T |
0 100 200 300 0 100 200 300
TA (pg/g) TA (pg/g)

K 49 BOEDEERAORMNM DS TA. TFHIXR
Fig 4-9 Relationgships between b*and TA or TF among amaranth cultivars of Zantedeschia hybrida
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Fig 4-10 Relationgships between b"and TA or TF among red cultivars of Zantedeschia hybrida
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Fig 4-11 Relationgships between b*and TA or TF among yellow cultivars of Zantedeschia hybrida
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4.3.25 B & RBMAIF K

B RET . CEERED . CMRPH . R 4 MERREREAN AT,
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Fig 4-12 Relationgships between b"and TA or TF among pink cultivars of Zantedeschia hybrida
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Fig 4-13 Relationgships between b*and TA or TF among orange cultivars of Z. hybrida

433 B OMERBERTRERBEES N

ARAE A5 0 rh AR P e T = FH R E R AR K (4-13A, B, C) &R
TEEYGEERET RGBSR A KL /NBI FNS BIFRIAZ 2H0H], %
HEHEHFERE GRS, WG R, SEREERTRERER, X5KIHE
H RAIE FEAEAL, ZE R AL A, of R 0 it B R G 58 60 SR AR AR AT BRI, 72 R (46 DVFNS
SR, fEETE RAEE A B RIS R, JEAR T AR EN L, Aaed
RCHEE, A& RKERRERER, AT REMEER, matif Sl &
AREAFEMRE, KR mILT “IRE” 5 /N XA EOR MR, Eid
ST “EERD EEREE, BAKRINE TS5 5 AET R BN A S, AR )L
# % (Epicatechin) , (HiZa A LT R & BOSIEEBUE 71 S h sl ), X ATae & i
T AR = TE & AR T R S R 2 T R, TR R e R

A 7E 2 X = A iR R (A =T, BRI = ARl 58 (Kaempferol) &
BINARU = Wrb e i, il A5y 2 B AL 259 (Dihydrokaemferol, DHK) 5 FLS {4t
"o, DHK A 52 F3'H A1 F3'5'H AL & il — ZHi B2 3 (DHQO M — AR (DHMD,
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lllumina/Solexa % —EiEEHKANMFHA, MO RERGREY YNEH . BhHE
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5.1 M85 HE

5.1.1 #1%

RIGFRE ONBA . GRS . U WS CEEELARAR EE,
BERPPRHS A . MORIW 2 JE TR B SR N, VK, FE T B AR
R BRI PR RO FRBE R, DU AR DR PR 22 5 e O (38 22 o (R AR N R 3 A
B, AR FREL 3 ANASEI R B bR, 7E s b i (B A AN 0.2g, A IR AR LS 5
HETENR R R, JETE T-80 UKA k17 % 1 -

5.1.2 RNA R EL /734

KA ERE (HEPE 0416-500k B, F[E) RNA ZEGAIFRFE I T

(D KR sese i q ek, k&, BLE . FFER) TN 0.1%41 5 RNA B B
AL PE A RHA R AT digil 24h, FIRAEET GO S E K Ef T 121°C
K 30 min J A KMEFERHE T2 H

(2) HUFSRHERUF Y 0.29 APRHBON oA F i R BT S A 80K B4 R T I ),
WA G A R B 04, TN 1000pL ZHARZMER, B T 7% % 70 70 72 1 o 41 i 2
i

(3) FEEREWHRAAR 2 508 F, A 300ul £H B S 200ul =& H ki (R
1), HADRGRE

(4K IR A WAE 12000rpm 5.0 10min, BX 700ul &3 RS 45387 25 0 FH N 700uL
B, A EEIR A .

(5) BB AW PR CRRRASEE 700uL) AN A — AN B0 M B, BRI
Ja #F 12000rpm 2.0 3 min, EFE .
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PR A D BHE RNA 50 i B AE MR TR A 7 AT SCREE SR LLxr, Ay
A Oligo (dT) MREEK & EFHAZAEY mRNA, FZSTRFERENLE4) (random hexamers) &%
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i, {E45d QiaQuick PCR WFI & itk 3N EB Ll 2 Ja Rk imE & . i poly (A)
TIPS, 5 BRIRRE BRI K AT i BOR/N IR, 53847 PCR 788, @24 iyl
J 3 PEH Nlumina HiSeq™2000 347 il Fe 7 801,

5.1.4 ¥53R AR %
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DRIEHL 7B read (19— 22 0L 1D JFRATIE A reads 2025 514 Trmny”“ﬁfb’%%ﬁ%}\‘%éﬂz%o
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Figure 5-1 The procedure of transcriptome assembt®s]
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TR KEGG A& 43 BT 5 D5 75 41 M i 6 o F A e i A DR = (5 e, it A
A S IE R B AT N BB 15 5 L. COGIKOG $itfa 125 4 F = o 3 R 3E 4T R 2 25 110
COG/KOG & A= M Hdfs FE 5 T EAZ AE M) A e B A S B 1 . R OC R AT
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Fig 5-2 Agarose electophoresis of extracted total RNA from Z. hybrida

5.2.2 ¥ RA BN Fr B AHHE

TR LG BT R T B AN R € R N R I AR AE L, BRI B (B
RIE CBED - JaER (A KL ARl s aDEE RNA R ETERE X oy
r (51, KI “/NEM” @EiE4T T 73510006 K EEE, GC & &N 50.51%, Q20 Lk

GRS 1R <1%) A 96.60%, Ilumina #8575 -F15K 4 785bp, W7 E i L E0N .
CRIE” SN TS IEET T 41661782 (AL, H GC & ELE] 50.55%, Q20 LLHIH
96.86%. “JEMH” BEEAMFFEET T 37623484 Vi, M GC &5 A 51.05%,
Q20 [HIELHI >y 97.83%, ZiE S 2H 43 AT i = AN P DR € T R BRSPS B B N 3
N 0. GC E&EBNAMHIE, 5 50.5%74 47, RISkt I s iim, Al AP R — 0.

R 5-1 Rt T B VR e L Fr e 55 R Gk 3R

Table 5-1 summary for the transcriptomes of Z. hybrida

RIRERE WAKE  mAKE | THKE N50 oC A 020
Genes Num  Max length  Min length  Average length N50 GC percentage Q20
85907 15804 201 785 1557 44.63% 96.60%

5.2.3 ¥ & D& RAFFITIREER

RO D ERE Unigene 5 Nr. SwissProt. KEGG Al COG/KOG & A 3L K Th A % s i3k
ATEEXS, A7 85907 Unigene 3k45 1R, Forh Nr 4 FEvE R i 214 5] 29816 2%, 3%
Unigene [1] 34.7%, Swissprot %4 V1R 20897 4%, 1 M 4L Unigene 11 24.3%, KOG #iiE
FEVERE 18034 2%, (5. Unigene K 20.99%, KEGG % eV FE 10322 4%, 5 4 Unigene )
12.0%, F3AMEA 54642 S FEF R REIRIHER:, X TGS Bod s s # R R G BE =,
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Fig5-3 Venn diagram of number of Transcripts annotated by four different flower
transcriptomes

S B A 5 RUPAS AT LU NSO i Rk iAo # FTA Unigene M EIEHES, IR R
K, M8 BCK AT Unigene KK H 42 50%H}, X NARAS Fr BE K AN
¥&:, BI4 Unigene N50 KJEFI%E . Unigene N50 K, HEilk/D, s i &kl .
05 DU KA P 7= A8 () 48 5 AT BF L3045 85907 46 %id, H KK FE 15804bp, K
J& A 201bp “FHJK:F 785 bp, N50 A4 1557,

5.2.3.1 B D FE F4H Unigene B Nr BB E T

¥ FTH Unigene 7£ Nr. Swiss-prot. KEGG 5 COG/KOG Ik 2 A i 122 o i e FE X6t
EEEE IR, KO 5 NEH, HGitE M E R EEE AN 2. FIH] blastx K22 Hi kY
Unigene J7%115 Nr 24l EEAT X LG fE, JBEUEEAS Unigene 78 Nr FEMP U &5 g (E {H
AR B — 2% PP 51 ot N2 [R5 1) Can SR I FIAE S — 2% ), B € [F) 5 2 v s P,
Ge it EL X B S AR EE S B R, FE Nr $3E ZE E-evalue {5 29.51%[%) Unigene 43 Afi
T 1E-20<evalue<=1E-5 , 22.46% 74; Aii T 1E-50<evalue<=1E-20 , 17.93% 73 A T
1E-100<evalue<=1E-50 , 10.94% 73 4i T- 1E-150<evalue<=1E-100 , 19.14% 43 A T
O<evalue<=1E-150. Swissprot 4 % E-value 7 1ii K& , i 3i 15 20897 %% Unigene, ' 24.4%
Unigene 73 fi T~ 1E-20<evalue<=1E-5, 27.42%%4i T 1E-50<evalue<=1E-20, 20.66 %43 4fi T
1E-100<evalue<=1E-50 , 9.84% 4; fi T 1E-150<evalue<=1E-100 , 17.65% 43 fi T
O<evalue<=1E-150. R Nr Edla PEiE RS R, KR to BEnE Iy Bl 5 Nr Bl e it
BB 2, MALRE S s B T ST LSRR, B e A R 1R 8 4
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FR AT EBA TR T,

MR ICECAR A K E, B A 29816 fi Unigene 5 H Atk R A O B4 1A
A R SR FVEARAPE (R 5-2) o HA R 7 415 4 B 2 [T 5 Fi AR (Elaeis guineensis)
4679 %, A (Phoenix dactylifera) 3941 2%, 3% (Nelumbo nucifera) 2541 2%, 7KFEHEFRY
% (Oryza sativa japonica group) 1875 %%, Bi& LA (Musa acuminata subs malaccensis)
1788 2% MMERUE G EERE, RO GEHEA Nr H0lE Eh L E &ty, BTobeen
I S M S ) B SR A 8 2 Uniigene {5 2., —3#84) Unigene JoikrE T K #4E ZE R ULEL . 25 4b
— BRI AAEY A I M Unigene FF AR RIS [RIVETE, PRk st vl BRASE AR A0 (1 2

AR,
R 5-2 RO BHEY) AT
Table 5-2 Species distribution map of Z. hybrida

YuFh Species Unigene Num
FiAE Elaeis guineensis 4679
5% Phoenix dactylifera 3941
i Nelumbo nucifera 2541
JKAEARE R Oryza sativa Japonica Group 1875
T A IV AhE Musa acuminata subsp. malaccensis 1382
AH] Theobroma cacao 1382
%] Vitis vinifera 1170
P E 1+ Medicago truncatula 973
KK YHVHZE Brassica napus 735
AAHE Gossypium arboreum 624
At Other 10514

Bt O B e S A GO 4R, LA (24321) %% Unigene AHILHEL, wILA4r R 3
N5y T IhRE (Molecular) « A= 4)id 2 (Biological Proccess) « 2 it 4 i%.(Cellular Component),
K& Unigene # 928 541 i 28 B AH 5% . 76 A4 Wi F2 28 Hh A0 54X 1114 42 ( Metabolic process)
10440 %%; 4ifii&1e (Cellular process) 9759 %% .

.

F
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Fig 5-4 Histogram representation of GO classification for Z.hybrida
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5.2.4 % & D E® B R X E R R ifHiL

N RO DR NG (B . GRE CBAf) o SRR (A6
AN EAE T AR DG IE R, AR L L I P BT AR IR 21K 2 5 R 66 5 I 2 A IR
AR OGBS (BB RHRE G, HHE R T BWENGBERE. TEREE
Wi FEEARES IR R) o B et KEGG #ifs 22 FITiscsr rse xbm i 22 [H] 44 B ek ) S iA) 5 %
0, T B2 e S ZH BB VR 5 SR AT U 204, W4 T4 TR AH OG it 25 PR it 3 KEGG $itfs
FERRAE ZH H b . SRR KEGG Al FEIL A 13 Al i N 5 % (0 1) B 5 (ol
K (K53, Hh5HHERTABACHIEEREIA 8 M, WH CHS (B/REE R
CHI (A/REASHfEE)  F3H (BEkild 3 F2Ablg) « F3'H CREEH 3¥fbl) . F3'5'H (%
Wl 35 F21LEE) . DFR (A FEEHEE-IEJRE) « ANS (TEH R A « UFGT (fEH &
3-0 MEE:HE R M) « 516 RE BB EA 3 P, i 5AT (BT & 5-BIL I |
GT1 ({67 & 5, 3-O- MR BEE) « SMaT1 (JEH & 5-O-1 & b TE-6"-O- 1 )
SEE . R SRR A —F FLS GEERRE A BB 53 i < % A
HAE—F ANR (JEHREEE .
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® 5-3 R HHETL T R (R k5L A

Table 5-3 Candidate genes related flower pigmentation Zantedeschia hybrida

Function Gene Enzyme i KO id (EC no.) No. All2
Thg H K] KO 5 (ECno.) IR
CHS Chalcone synthase B IR & K00660 (2.3.1.74) 3
CHI Chalcone isomerase B IR P 5 A K01859 (5.5.1.6) 3
Anthocyanin F3H Flavanone 3-hydroxylase W 3 FALEE K00475 (1.14.11.9) 6
biosynthesis F3'H Flavonoid 3'-hydroxylase FEE 3FRAEE K05280 (1.14.13.21) 2
HHEETOM F3'5'H Flavonoid 3',5"-hydroxylase KR 35 1L K13083 (1.14.13.88) 1
DFR Dihydroflavonol 4-reductase A R A R K13082 (1.1.1.219) 3
ANS Anthocyanidin synthase H R A K05277 (1.14.11.19) 1
UFGT Anthocyanidin 3-O-glucosyltransfersae HE &R 3-0 PR K12930 (2.4.1.115) 17
_ 5AT Anthocyanin5-aromatic acyltransferase TeH R S5-I K12936 (2.3.1.153) 2
Qgtjhl?:i:)ftlln oqu GT1 Anthocyanidin 5, 3-O-glucosyltransferase EHEK,5, 3-0 -HMEEELM K12938 (2.4.1.-) 4
IOy Anthocyanin 1eH 7 5-O-Hi & MEH-6"-0-8 —
R AT SMaTl 5—O—gIucoside—6”-O-?/nalonyltransferase Tk 5% 72 g K12934 (2.3.1.172) 2
Flavone and
flavonol FLS Flavonol synthase SRS & K05278 (1.14.11.23 5
biosynthesis y LRARRE Ay (1.14.11.23)
T A A0 B P I
Flavanone
biosynthesis ANR Anthocyanidin reductase EH RICJH K08695 (1.3.1.77) 4
T EHE A R
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5.25 X OimE G ESFRIARENIZTHE

fEXTEOLEE NEE (B . RE (P . GEERT (W) =AAFEER
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