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CE AR R B gi Se AR 90T, Abat 100081)

B OE: UHAEICEARRN SRR AR 85547 F 901967 ARG KL, A #THAE I st
FEF AR5 RN 225, RIS 986 52 it PCR AR 43 28 B AR AR DG JE IR ) ik St A TiF T . 46
HRM, E4°CIRHN, 8554 A ‘90196° (M4 &SRR FREH, (HINI ikl ‘8554" N
218, HIGZ®E TARMIEAE 90196°. BoCLHL (M4 1) MFIARIE Bk miRhi4 b h R —
H, YRR RR EmRE, FHRIERRMC. BoCLH2 (M4E#EF 2) MRIEELAL 8554 AR
BN, 75 901967 FARfbE K, HiET ‘8554°, BoPPH (JBi4EM-4E M) /& ‘8554° F—HE N[
e, MAE 901967 I 14 d NG B3 LT R . BoPaO (EEM-4RIR a N MRIEERILE
E A 2R, ERAE 85547 LS R i IR RS T 90196 . BoRCCR (4L
LA =W IR ) 76 901967 R FIgg 21 d W B — AN O S IA g, e ‘85547 HRARHEL.
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Analysis of the Expression of Chlorophyll Degrading Genes During
Senescence of Broccoli
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Yang-yong, and SUN Pei-tian
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Abstract: Two different storage properties broccoli ‘8554” and ‘90196’ were used for the study. In
this work, the changes of chlorophyll content and the relative expression levels of chlorophyll degrading
genes in the two high-generation inbred lines were analyzed. The results showed that the chlorophyll
contents of the two materials showed decreased during the storage, while ‘8554’ declined slowly and

remained higher compared with ‘90196’ . The expression of BOCLH1 (chlorophyllase 1) showed the same
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behavior in the two materials, it was detected a higher expression before storage, then decreased to a low
level during the storage. The expression of BOCLH2 (chlorophyllase 2) changed slightly in ‘8554,
however it changed largely in ‘90196’ , and the expression level was higher than ‘8554’ .The expression
of BOPPH (pheophytinase) declined in ‘8554 during the whole storage, but it had a evident increase at
the 14th day in ‘90196’ . The expression of BoPaO (pheide a oxygenase) had a sharp increase in both of
them, but the day appeared in ‘8554’ was later than ‘90196’ . The obvious expression peak of BORCCR

(red chlorophyll catabolite reductase) appeared in ‘90196, but it did not appear in ‘8554 . Those results
indicated that the mechanism of chlorophyll degradation was different in different storage properties
broccoli, the changes of chlorophyll content were mainly regulated by the expression levels of BOCLH2,
BoPPH, BoPaO and BoRCCR in the senescence, and BOCLH1 was responsible for the degradation of
chlorophyll in the initial stage.

Key words: broccoli; storage; chlorophyll degrading gene; gene expression

ALK S B4k 22 Pra . Uyt (Nestle, 1998) DL Ag B2t A (Yuan et al.,
20100 T S AT bR, JUHER ARSI L N2 25 592 (Nath et al., 2011). 2R1fi
THACEI & A 2 8h ot N 51k, SLRPIRACH T HERE, RIGWM Y 8, RIH ok
Befd e Ek s, ERNERF N REL, BRI N, EE IR G, 1998;
AE 25, 2011).

H M Hendry 55 (1987) K& “MagREM—— NI 25, MR BEMATTTTEA
— AR A TR, SRR AR 2 A I B SN B SR TR SRR, B
M LR R SR RN (CLHD AL BB 2825, AR5 th— 48 B G N 2285 2 1 T )i %
M281% a (Pheide a), JEERHEETR a £00d th I Bk 112 a N4 (Pheide a oxygenase, PaO) FHZL{f
2 22 AR P2 438 J5i i (Red chlorophyll catabolite reductase, RCCR) AL D s W #4k i) A= 5%
Hert 2 Z A =4 (“primary” fluorescent catabolitep, pFCC), #fi pFCC &id JLIRIE M2 J5 12 %
2 (Hortensteiner, 2006). 5 /MBS EMI pFCC #EHIRYER pH HELFTIE S
KA AR A I SR A AR 2 2 24X 7= 4 (Nonfluorescent chlorophyll catabolites, NCCs),
I e AT LI v B 7= ) (Hinder et al., 1996; Rodoni etal., 1997; Oberhuber et al., 2003).

Mag Rl (CLH) fEA 2% 22 K AL B 5 - S R I, R AN A 2 P2 2 PR A A Qi 110 21
—3 (Matile etal., 1999). SRIMITFAMITTRINIFEA A (1 IE R & A s 6 s 5k, X
B ] BEAE M SR AR IMEAE LA I 2R PR IR AR, B DA e S R 2 AN L E i (Takamiya et
al., 2000; Hortensteiner, 2006). Schelbert 5% (2009) &I —F#rlg——i gt £ FE M (PPHD,
CO R SEXT Rt s 2 & — 1, & REAE M BE M 28 2K MR B a2 e, DRI DA Ok i 2 35 L B I AR
B RE LSS 2 AR A AR O & 2, R4 3 ] AL CLH BB E ], e stk 205
+, SRJGALE PPH (AR T AR B - 21 1%,  AR I 2EAT 1 1 1) S Yo

A RAN A A BEXH 75 AR I et A -2 25 2 L 4 35 R AR A DC IR DR 3R TR AR A 7T LB MR N
ISR IS AP . 1-MCP S PRI REAEZE SR R PR, 1EKTH AR I 7 i (Gong
& Mattheis, 2003; Costaetal., 2005, 2006; Agustinetal., 2011). £ 1-MCP AbFE ()75 1626 Hom- 4
B FRAHSCIER (BoCLHL. BoCLH2, BoPPH. BoPaO. BoRCCR) [¥1ZiA T il 5 5%t A R I A ,
1-MCP %f BoCLH1 FJZRIATEHM, ¥55 T BoCLH2 B m)3kik, ##l T BoPPH. BoPaO il BORCCR



Fan Yan-yan, Liu Yu-mei, LiZhan-sheng, Fang Zhi-yuan, Yang Li-mei, Zhuang Mu, Zhang Yang-yong, Sun Pei-tian.
Analysis of the expression of chlorophyll degrading genes during senescence of broccoli.
1340 Acta Horticulturae Sinica, 2015, 42 (7): 1338 - 1346.

1L, {HXF BoRCCR HIfE %/ (Gémez-Lobato et al., 2012a). Agustin 55 (2011) #F57 KINAE
AL, BoCLHL Fll BoCLH2 1354 5 -4 Z2 B AR JC FLEAH SCHE, 170 BoPPH (1) ik i
SRR PEMRAHOC . P LI SR 3R PR AR (X P LRI AR L A O

HAT, A RAEARIRIE R4S AT A [ i 56 P 118 75 A S0 A 0 S0 TR A 3ok 22 i R v 2 R B A A
RIERRIE IS AR WARTE o« PRI, AT 15 A8 e 2 P AN [ i Dk ) 75 6 S £ 0 ek 1 1)
TR L R rh i 2 R B AR AT OGO 2R 2R . ORI SR 3 . AR 21T a N4 DL S 21t 2 5%
AU =4k SR R 3Rk 22 57, DA T ARAS [R) IR DUk P 5 A S 2 25 PR AR AL, IR AU IL 4%
BLHI S AH DG PR Dh e R IR R 10 S A

QY ViR SRS DARES

1.1 R

TRIG AL A i R A7 2 2 2 eI ek ARl & HAZ &R ‘85547 AT ‘901967, Hirf 85547
T4 CIR I ) 52 38 75 4 B3 Ak 30% ) Il R 20 (Ku & Wills, 1999) 4 35d, 901967 20 d.
WRIEA LT 2014 45 4 7 13 H @k EAR MR B gk A6 A -t 5T B [ 37 #5 s, % 3 IRER, &
EE P 24 Bk AEBREGEAIE, 235075 H 30 HRW 901967, 6 H 3 HEWr 85547,

1.2 B

BRI A — S AL BRI 16 2 4 CHA P HA A EE 3 h, SR)5 Bt b, SR
J9°0.015 mm [ ERMR I Bk, A4 A A RMPRMEE N 5 AN h—8Urfeek, 3 IREH,
BT 4 COKFE . BB BRI T e e 0 d, 2520 W e 7. 14, 21, 28 d HUFE,
IR0 F 2R B 7 VR IAE BR 3 4 3 DL SFR a7 1 A RE S e2E, ¥ 1 AT E N IFERS
Jr R EAC R, ARG E T - 80 CUKHIHIRAT
13 MEAEEENE

FREUBTHETR AT S A2 0.5 g TZIEARE T (REAEEN 3 IRERD, AT ECH 95% 1) L1
V10 mL, SREESAFPEI 24 he DL 95% LEEAE N2 A R, 20 66 EVHAERE K 665 nm. 649 nm
AEIEW R A (BRI 25, 2011). THEEMT4R 2S5 Co=13.95 X Ages nm — 6.88 X Agsonm~ Cp=24.96
X A649 nm ~ 7.32 % A665 nm>» Cchl = (Ca+ Cb) x V/m x 1000, iﬁqj’ Ca\ Cb ﬁ%”?’ﬂ“f%% a %D b E‘J%z
JE, Com BnbEfFHSEEREE (mg-g').
1.4 RNA 2B K ;555 cDNA

K H LS RNApure #8405 RNA $EHGAF] S IR EUREM RLE RNA, R A4 A [ 1k
ORI & E % cDNA. ERIA RN B RNA3 uL, #EREEZERT I Oligo (dT) 5 (0.5
pg-ul) 1L, 2x TS RVIBAW 10 uL, SFEs%EE 1 L, F:A24 DNA 2627 1 uL, HIE RNA
B KN 2 5] 20 pl, VRS T 42 CH¥E 30 min, 85 CHN# 5 min. ¥ #5515 %) cDNA T -
20 CLRAE, ARSI TSI 9856 e ST
15 AR E= PCR

KA 4234222 7] SYBR Green 9 RRHATEE, LLAB 24 7] 7900HT 241~ £ %F i 4 5% 45 21 i) cDNA
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AT 98 E 7 PCR. 986 i PCR 51451 Gomez-Lobato 55 (2012a) KEMJFH] (£ 1),
FH b A T 20 W 0 BT o SR 980 8 1t PCR R AR FR N « 5 2 pl, b FIES 14 % 0.4 ul, 2 x Trans
Script” Top Green qPCR SuperMix 10 pL, {57 & 4k (50 ) 0.4 uL, H] ddH,0 #ME %) 20 pL.
RN EAE Ny 94 CTIASYE 30s, 94 CAMESs, 58 ‘CiBk 15s, 72 CIEA 30s, HEAT 45 MEH.
K 2784 A S AR R B

£1 S|MBHREFT

Table1 The name and sequences of the primers

LR 4 FK Gene name SIY4 7 Primer name  5#)JF% (5'>3")  Nucleotide sequence
23K Reference gene Action-F CCAGAGGTCTTGTTCCAGCCATC
Action-R GTTCCACCACTGAGCACAATGTTAC
4% 250§ 1 Chlorophyllase 1 BoCLH1-F AGACCCATCCATCAAGTTTTCAGC
BoCLH1-R AGATTTCGGGATCGGTTCTTATGC
4% %MW 2 Chlorophyllase 2 BoCLH2-F AGATGCCTGTTCTAGTTATTGG
BoCLH2-R CACGCTGGACCTTGACATTC
e £ £ Pheophytinase BoPPH-F AGAGGTTATCGGTGAGCCA
BoPPH-R GACGAGATGAGGATGGG
BRI 4% a %K Pheide a oxygenase BoPaO-F GCGAAATTCCCGTCCAGAGTCTC
BoPaO-R TTATCTCCGCCGTGCTCTTCTTC
2O 2R A= PiE S Red chlorophyll catabolite reductase  BoRCCR-F CCTCCCTCATCGCAAAGACCTAG
BoRCCR-R AGCAGAGCGGACAAAGAGAGAC

1.6 FHitoth

DA FAE0 3 F A E 3 UK, AR50 EE T Excel 2007 JEAT #EHL o4 A s E I, Hidls LLPHM(E +
brAEZE” R, R SAS9.2 AT HEAT 2 A A M.

2 HiIR 5

21 BREEEREIHERSETL

Wi 2 P, AEREAN I R AN R
B %2 FRPREEEEREZRAPEIEFHRRSBEL

Tﬁa E(J%Eﬁiﬁ 4°7C )”iﬁ Hﬂ‘ lH‘Z;}L/ N é\ii&j%? B% Table 2 The changes of chlorophyll content in different storage
P, (Hi R ‘85547 MM ESE TR properties broccoli during storage mg- g’
2208, HIRZET 901967 . W4 21 d i, IR S AR HL Inbred lines
Days of storage 8554 90196

¢ ’ s = P =N P i 4

85547 [y Laas A HELLICGAT (0 d) R T 0 0.36 £ 0.004 0.31+0.005™
44.4%; ‘90196 TFIXT 64.5%. JLILAER" 7 0.26 = 0.007 0220012

N &« DI A o 14 0.25 +0.008 0.18 £0.005™
7~ 14 d0, 85541 I 235 5 ETB%W"’ﬁ 21 0.20 + 0.009 0.11+0.008™
P2, H026mg-g FREI025mg-g, HF 28 0.11 £ 0.003 0.09 4 0.004™
BT 3.85%, 1fi ‘90196° FFET 18.18%. fH Vs w% e ICARIN ) BB 45 2 A B2 0.01 KT

REMARET, —H MRS g PoreE -
JUSER ‘ , NS " Note: ** indicates the difference is extremely significant (P <
NARH BT, 8554 LLIIHET % T 69.44%,
90196 FFE T 70.97%-

0.01) between the two materials storaged at the same time.
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22 FHEFEMEITEDMHZEEERE BoCLHL 1 BoCLH2 5 i $##0t43 =5 E BoPPH By FRIA Tk,

PURCET E5i 0 dD K e hxt i, 75 £ 12 [18554 M 90196
BT 85547 1 90196° &N Al (RIHI ) % Fﬂc« 1o} g
i, HARILE 1, g 2-2:

-4 i 5K BoCLHL 7E ANKA B L 7R g: ol
gk 0 d I RTIN B Rk, Z S AR Eé 0.2 "
IRAGAKFE . 2 oo A a . m. A

4 2 WS BoCLH2 7E B Rk b i3 - *
SR, RN 85547 1, I e ° y
7 d I F IR RIS AIRI 1S #5204, BRI EE ¢ r i
AR BN, FEARYEFFLERT IR 1.3 5254 %é : I I l I
MAEAT I 901967 o, HiRIA R AL SENETE s B G B
7 d I ETH A 5 5, T 14 d A /MR = j

BEEAELATS A 0 ) 4.6 %, 738K 21 d SGERGE F T
XTI 7.6 4%, T4 RO AR R 5.4 £i% .

i Bk 4 Z B IL R BoPPH (1) 4%k B AL
W) 85547 rh, B AT IS [ (1) K AN W

!
1+ ﬁ __* : .
NEE, TIAE 901967 L R 14 d AT 0l _ I .l . 1 II :
7 14 21 28

FTt, 2SRRI AT, HIRA 0

BoPPH HiA} ik it

BoPPH relative expressio

N v e I K % Days of storage
iy TR <8554
- . E1 FHREIEF BoCLHL, BoCLH2 #A
X BOCLH A1t 2 AR I {1 F e o
/v, T BoCLH2 I BoPPH [ fEeik < inik Fig.1 Relative expression of BOCLH1, BoCLH2
u‘[’éi—:‘%lﬁﬁ@ and BoPPH in broccoli florets

23 FUXRMBIEPREMEZER a MEBERE BoPaO MIAEMHZERPZYITREER
BORCCR BYFRIZZT{k
HiP 2 WTRLE H: BoPaO 3R IA R AE WALkl i 545 ORI it 72, 15 85547 HIBLRII3H (-
W21 &) HEBWET 90196 (i 14 d). PRIV 0 d 1 14 d 4, 901967 [k &1 B #KT
‘85547,

10 [18554 M 90196 . 3.0 -
§ 25} £ 25
9 E 20 He o =¥
= o e
=z 15 mE L5 ®
RE 10 SS 10F =g :
a0 =
8§ s . %3
3 0.5 I " # CS R (N
0 3
1 -
U | L | L | i i | J (] || L || L || -
0 7 14 21 28 0 7 14 21 28
I 56§, i Days of storage - K%L Days of storage

2 BFEE@ITEF BoPaO 1 BoORCCR £ EBYRIAER
Fig. 2 Relative expression of BoPaO and BoRCCR in broccoli florets
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BoRCCR MK IASAE N it FErh ‘85547 MR WE =T 90196° . Wilai#] (0~ 14 d) HARTE
IR L AR RSy 5 LT G TR, AHDR I 85547 1) LIHIRIE I WKT 90196 ;
TEW s IR AN, TR <8554 ) BoRCCR #ik i B /Mg LTy, MifE <90196° i
FIKBEAE R 21 d A EE LSRR, ZJE X FF. 76 ‘85547 ' BoPaO ik iyl Hy BT 5 4
Horh e R BFARTFRIIELE, 1T BORCCR [ 15 2 128 IR AT 1L - 2t 25 B A 0 3 i 30 In B

3 e

3.1 MFZEGEE BoCLH1 #1 BoCLH2 5Bt 43 & E E BoPPH

B 7> T2 R R, A G4 38 B R AR DGR RN U R N, FRES — 5 I S PRt i
R ORI 5T 3 A K P43 22 ) B AE P R A%, 2R 2508 (CLHD BRARIR AR DL it 4 5 il
(PPH) 4% (Schelbert et al., 2009). VFR (2012) W5 A IR 6-BA. 1-MCP. ZEEAbFR¥IfE
EHHACKIM T, (HAFELEPE )G BoCLHL. BoCLH2, BoCLH3 [{) ik 454k AR AR, DA HE)
X 3 ANFER AT REAE M-S 2 IR T A R B OB E ] o Biichert 45 (2011a, 2011b) il Goémez-Lobato
& (2012a) MIBFFTRAT H RIFERI 450, AT ARILAT A, UV-C 4RI, E6EL & 1-MCP b B 3= 2%}
BoPPH 3 (Kl ik 5K (W54 M i AN f& e AL F . ARG 5 5 R, BoCLHL 7 P Bl I 14 AN [+
(17 A6 38 AR s A U B s s, i AR rh SRR AR, BRI TR RS K
WG 2 M2 R Beff, /e e a2 E AN . X BoCLH2 [k AL PRI EH 22
FHN IS HAM - 2 25 A AL LA R I, T a e, M RSB FIRROR, BT mi@aotoR, mhag
FREARAREOR, RIS NS, 2 2% PR R BRI, 0 i SR R e 2 25 et o e FE A
HRIE R TH SRS 2N . BoPPH 138 & 78 IR L b AR A AR AN R], 2T I
AR 2R RETA, R EEDILE RN s R 28 [ g v 4 RSN B8 T Db e A Py A 410
HZEE R IE L AT I 5 5 1658 BoPPH [RIARAEN M 14 d 17— A8 BT RE, HAb
I AERFAE W UG 3RR T, R 2 R nT BEAE A s ] 11 52 1) R i 5 i b sk i ¢ 25 e A () A

3.2 BREEM4RES a InEESE E BoPaO 4l & MK AL R B E F BoRCCR

76 B 242 a ¥ 40 B pFCC i FE A, PaO fil RCCR #EEEH], Hirh PaO il Ky 2 m
SRR UHR R SN (Rodoni et al., 1998). PaO 7F H-&5 2% A i vk 8 B2 (R 54 11,
T G R R S R R AR DG, ELIZBEAE A (X — T R S Sk A AR 23 1 EE 22 72 (Pruzinska et al.
2003; Chungetal., 20060, 5T KIL PaO JEPH KA 5 iE Mk AE 2 2 i A v H AR OK B (Pruzinska et
al., 2005) . Fukasawa 25 (20105745 i BoPaO.BoRCCR 1E T 1316 # AL i 23 S il 14 i1, {H /& BoRCCR
W0 rmEE A . Gomez-Lobato 55 (2012b) ISR IMAN ML /332 . 1-MCP LU A S AL BEYY R
YEZE BoPaO KA 1IN, 1fi% BORCCR [IFIA M /. AREG 45 F 4] BoPaO (13K IA{E P Ff
AR R P38 I SR I R, LA IR P 25 i T R, U 2 DR AR A i 4
e IR SR R PR . AEE IO L 85547 HIBLZURIE N i 3 R 21 & W W 5 T AN
Wk 901967 (73K 14 d), HAHRMIM AN, 8554 JFiR I s LI [ KL7E 25d, 35d )5
AL 30%; T ‘901967 WIYEIER 15 d KILE4L, FET 20 d M EEfk 30%, iHH BoPaO iftEf &
BT E TN E SIS, X5 Fukasawa 25 (2010) HIWFSRAE R—5. n] ., BoPaO fEHEE
R OCHE{E ] . BORCCR [MFRIAEAE “8554° Wb 54 R F 8 b i iR I . MR
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PRGN, RS R PRSI S IR R YRR AR R KO, L AR R R
MAE 90196 HILARIL R (M PTIX T i il R S PR BEAE 2R R B AR R (KR, BT sl BEOBOR, 4k
BB . T ML BORCCR [ ik T L2 AN, U AR ISR R ) I 301 e e )
JIN3dE T - SR B R

33 MEREMBHEXERNRESTHIBENXR

B EZ NN EEIRbR ST 2 R B . BEC R R 26, 2011). %
(Starzynska et al., 2003). {22550 GEAHME 55, 2004) LLAARME (Aiamla-or et al., 2009) 54k
PR REIE LM 2 R B . ZEREA R 2% (2011) R385 AR 5 1) SR A b, T et i 4 52 L
AR R TR NIRRT . AR S Z AR, T E AR 85547 M4k &
TR 901967 2218, HHEIAERAI 0 ~21d, SR 7 ~14d, KT 3.85%, 1K)
21 ~ 18 d WM. LR EE BEARAR OCHE R R IA AR W, ZE P RIAERL I st R v, B
BoCLH1 Kk SRS, e 4 MERB A XL, HERAREREREF. L5 7~ 28 d, BoCLH2
1 BoPPH 7t ‘8554" W IRIARIGA WEMCTAE ‘90196 FHFILE; 1y BoPaO 141k & FR I
14 d IN7E ‘85547 rhikEARAL, HARKHHS T 901967 thifj3ikf, BoRCCR {f ‘8554°
PZRIE BN A W mTAE 901967 HHIRIE. WEFURIE, MAEIENTEE . BB 48R a (Ml
&, 2008). RCCs (Pruzinska etal., 2007) S5 KA PIHIFRR, SHHIeR R0 M. Kk,
fif W 1) 8554 FEW AT 1 (7 ~ 14 &) FRILH 2 3 7 & T PR 12 1 R [R n] G /& BoCLH2. BoPPH.,
BoPaO. BORCCR ik & [k, AR = AR 8, Ml 7 ihag 22 i FEAg . st 21 d IFaR
Bée A I R U AT 8 2 B T+ BoPaO Az BORCCR [ i3 i A 22 1) RCCs 5545 06 1] P ) T T8 B A, A
T B o 22 AR TR BELAS 420

ARG 45 3R I AE T AN e R o P P it 25 SR MR IR AT SR AE AR, ARAS [R] 03 ) 75 A S 4
FBEMR R LI . I RS BL BoCLH2 #5411 CLH B4R A2, AN sk 7 46 5%
CLH P&fi#i& 4% LA J PPH i@ 424 %545, BoPPH w] 5 BoCLH2 JL[REIfntemt- 4 £ MMt . Hok, &
TREG BT RO ek 7 AE S A k] 85547 T N4 1-MCP 4 #1574 5% (Gomez-Lobato et al., 2012a)
S-SR 2 PR ARAH SCHE R ) AR 5 DA R Lz A, Ui 85547 H S e R L 2 MHLHI 54 1-MCP AL
J REG 3 2 (PHLAEI P REAR TR, 14 ARt — DRSS
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