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Screening Factors That Impact Pollen Growth of
Prunus armeniaca L. cv ‘Katy’ in vitro

HAN Xue-ping, XUE Xiao-min, WANG Jin-zheng,NIE Pei-xian,CHEN Ru
(Shandong Institute of Pomology, Tai ’an,Shandong 271000)

Abstract: Taking Prunus armeniaca L. cv ‘Katy’ as material, the pollen germination rate and the pollen tube length that

different types of mediums and different concentrations of sucrose and boric acid were determinated. The effect of different

types of mediums and different concentrations of sucrose and boric acid for pollen germination and pollen tube elongation were

studied. The results showed that,most suitable medium for Prunus armeniaca L. cv ‘Katy’ was 10% sucrose—+0.10% boric

acid+-0.5% agar. It was more than 90% pollen germination rate and the length of pollen tube growth 13 510. 30 ym in wvitro.

Keywords: Prunus armeniaca L. cv ‘Katy” ;pollen germination;sucrose; boric acid
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#%4k%) DHS5o KA R Z B4, 37Ca LR
HCOy OO ZIE PR, AT % PCR R, 4 PHMESS Rk 2
Hﬁ)\/\“/ SCon MCCase il n AT ARMT,
! N %1 ECE LI
o Table 1 The peimers used in the study
MC-CoA ATP ADP+Pi MG-CoA — —C—
B 1 MCCase 4t 3-FIE B EM-CoA (MC-CoA) L 4 H Oligo(dD18 GCTGTCAACGATACGCTACGTAACGG
_ — ~ 31 CATGACAGTGTTTTTTTTTTTTTTTTTT
SHER=HCoA (MG-CoA)™ 3RP GTCAACGATACGCTACGTAACG
Fig.1 MCCase catalyzes carboxylating 3-Methylcrotonyl-CoA 3RNP TACGTAACGGCATGACAGTG
(MC-CoA) to form 3-methylglutonyl-CoA (MG-CoA)! MCC 3RW AAGAAGCATCTAAGGGCACAGG
. MCC 3RN TCTTGTGAAGGCTGCAACTGG
PAIRATR 69 FhZ5 & FIRAMEY 22—, MCCase oligo (dD11 AGGACTCACTATAGGGCTTTTTTTTTTTVN
5 5 R R R O 0 T S S T 7 GTANTACGACTCACTATAGGGC
\ et s MCC 5RW GGAGTTCGGAAATCAAGTCGG
AMEFMERMERER . LT AR RT3 MCC 5RN GGAAAGCACCTCCACTATCAACTA
FHFFFE MCCase 2R #1722 K TLRE T 087 LA X MCC CDSF ACGAAGTGATGCTACGCTTATTG
NSRRI A MCC CDSR CAGAACATCACTGGATTCATGGT
U1 RS A WA Y T SRR PR R 7 A oo P
BB F B FEME B E R, MCC qR TTGGAAGGAAAGCACCTCCACT
= . 18S gF CAGTCGGGGGCATTCGTATTT
1 #ME5F* 18S R CAGCCTTGCGACCATACTCC
1.1 Rk 1.2.3 PeBH MCCase 1 5’ RACE  MCCase 13’ RACE

YL 2H 2N P R A R AE b 5 TR 2= B
TREMERENFRET —0CKHEEH. BEH
DH5a HiZ 3210 2 f- 7. 4 RNA 2 BUR 5 Plant
RNA Kit I & F Omega A &), Tuag DNA R & [, M-
MLV reverse transcriptase,SYBR® Premix Ex Tag™ II,
pMDI19-T, Dnase 1.7K ¥ 7% % Bg ¥l & F Takara 24 ],
DNA #lifk BIGR ) & 0 & F RKARA AL 51 A S T
B A T 58 A
1.2 REHk
12,1 MRBI4HZ RNA MHREL DB &H SR HER .
25 0 BT PP VR T R RS A9 RNA B
FHU 5 1B Omega /A 7] Plant RNA Kit i3 & 1 7
AT 0. 196 ATt Hig b 5 Je P Tk ARG RINA 42 BURUR
PIHF mRNA % 5% 56 —%5E cDNA 8 .

1.2.2 Y8 MCCase #93'RACE  FR¥EHLBA Fh 74 40
ALH) MCCase 73 i Bt %3 2 4 IE 11 3'RACE 3%
GM 514 MCC 3RW., Al 5[4 MCC 3RN, %% 1), H
Oligo(dT) 18 Jy ] % % 5| 4 I s 5% 18 | cDNA fE hy
3'RACE#i#R . 3'RACE 3 PCR 3R 50 pL 452 B f&
%:10 X Buffer (with Mg?*) 5 uL,dNTP (10 mmol)
4 pL .MCC 3RW #1 3RP 51 4%5 (10 ;;.mol)% 2 pL.exTaq
BAEG U/pl) 0.25 L JEAR 2 L 84K 34. 75 pl,
% 1% PCR R 5 min,94°C WS, 30 s.94°C A5
#£,30 $.58°CiB 4,2 min.72°C FEAH, A5V 3B K  FE i
13 35 MER  BeJ5 7 min 72°C R SES 4 CRTF. DASE
1% PCR F= ¥y M AR #4746 2 4 PCR, 51418 MCC
3RN il 3RNP,#i8 ki FE i 28 & 57°C, PCR & & Fi
B, 0. 1A MIEE R B Ik IS 2 4 PCR 7=
Wy, I B 455 B B e e 3k pMD19-T |, 3R 5

100

TERAI ¥ 45 5% 31 2 4 5'RACE R a1 514 G MU S| 4
MCC 5RW. 5|4 MCC 5RN, 3 1), F§ MCCSRW &
R 75 | kAT I i s AR 2056 1 4% cDNA, 4ifb It i AR
s A R AT R S 75 2 5 RACE B, 5'RACE #
XL PCR &% 5 3'RACE #:X PCR A RIEAMF, 5 1
# PCR 5|45 MCC 5RW # oligo (dT)11,iB kIR
FH 55°C 5 ASE 1 374 AR AT 38 2 % PCR, 5918
MCC 5RN F1 T7,38 k¥ B R 57°C ,PCR 524 J5 4°C ¢
f£. PCR =¥ ) 5o AT R |

1.2.4 P MCCase ) CDS &K 7k ¥ 213 Blast
et B IE# 9 3'RACE 5 5'RACE il 45 S il 1
DNAMAN" B, Bf 3 45 3t BioXM™ #4 14 4% %] 4 15
CDS J#31, % it & CDS J¥ 511 1 Xf 4K 5|4 (MCC
CDSF.MCC CDSR,% 1), L) cDNA Witz 47 CDS [
PCR ¥ ,PCR 1k & K& %5 3'RACE H[R] , ZE fi it [7]
7 2 min,iB kIR EEH 59°C,PCR 5245 ACIE4F. PCR
FEHI R T RE AR IR L

1.2.5 Bl MCCase A W11E B2 0 F BioXM 4y
B MCCase ) ORF FH-#FHE H BT . MCCase HI[F
YBZE 1438 1F Blast 82 NCBI & 4 REIE IR, &%
F% 7 51 B Ak 4 5 20 B 4 A ProtParam™ 52 i ; & L BR 7
3 FEB KM M F ProtScale™ 52 B ; 155 k43 4 FH
SignalP 3. 07 5¢ A ; 7. 40 a5 437 £ FE PSORTY™ 5¢ A ; 15
RS IR 1 434 Fl TMHMM 2. 07 52 1 ; T B 45 449 30 )
F CDD &4 . BIEBRFH Lt Clustal X%
e & G & AW Fl MEGA™ ¥y % . ik B PDB
B 2 Y B v R R 1 R B A SWISS-MODEL™ 3
T RVE AR E# 7. MCCase [ = 4E 45 B RY, 3 ST AU 45
¥i8 33 PEOCHECK™ 1 VERIFY 3D 3 473FA4% .
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1.2.6 YLl MCCase MR T KB FIBRE
B RE PR E A DL B &4 4L RNA BV B, A4
BUG SRR Z o RNA 9 BB A R, R 5% AR ARCR I BE
P51, B s B R R 40 pl. %06 E & PCR SR ALH
18S rRNA NS (F D, {52 LightCycler®
96 system (Roche Diagnostics, Mannheim, Germany) ., 2
PiARZ A 10 L ¢ 5 pL SYBR® Premix Ex Tag™ 11,1 pL
cDNA.4 pL ddH,O,PCR & h 5444 95°C HiAEHE 1 min,
ARG 95°CARH: 10 5,60°CiB sk 10 s,72°C ZE{# 20 s JZJf
40 MEIF . 18S rRNA F1 MCCase 5| ¥ it th £& 8. 7R B
W, 5| ¥ P 5 R 4> B A 1963 #1972, R 43 B
0. 993 F10. 998, HEEL 3 K,
1.3 BdEsHr

I B HE 43 17 R A LightCycler® 96 % 4 42 it )
ANCr-H: 588
2 HERE5SW
2.1 PeBH MCCase cDNA )75l

PeB MCCase 3'RACE PCR F=#ys 3k U0 2A f

M 3'RACE M

750 bp
500 bp

750 bp
500 bp

7~ s PCR I BEE 600 bp 245, 51T ™4
KEERY G, S0 F 58 W54 RA ploy (A%
¥, BER B NIB 1 43F H 253 Blast HXF 434 MCCase
I, A RE Te R P B MCCase 3'3 551

YeB MCCase 5'RACE PCR 74 e, vk 8l i &l 2B i
7~ s PCR I BEAE 600 bp 245, 55T ™4
KEERYE ., KT8, WFERA ploy(T 4,
BEER BN | 93 H &3 Blast HXF 4347 k1 MCCase 3
P DI %0 25 A 52 5O R H P Bl MCCase 5' 3 JF 3.
3'RACEY 5'RACE i #4553 13 DNAMAN $f8: , B
SR A A TR CDS P31,

MCCase 3 9 CDS PCR 7= ¥y 88 yk Bl 40 & 2C fr
75, i PCR P4 BETE 1 200 bp 2245, SAATHII 9
KERAY S, 253 BoXM #4E4rHriE+ ) CDS 4y
FE3I H 4K N 1269 bp, 4t 423 MEIEMR, 5 FiRPHES
B—(H 3., Zad Blast Xt a#rly MCCase FEH ., K
I WA E TERE HH HeB MCCase 3EIR ) CDS J#51 .

5'RACE M CDS

# :M:DL 2 000 DNA Marker,
Note: M:DL 2 000 DNA Marker.
B 2 RBF MCCase cDNA RT3 &
Fig. 2 The cloning of C. obtusi folia MCCase cDNA

1 ;wguugtgmc tacgcttattgagtttgggaagaagageccatggaagetcatggagaggaageaccettgaggtttttactagaaggg
Forward PrimerM L R L L S L G R R A H G S S W LR GS T L EV FTZRRG
gettttgettgggagtctttecegatggegtegacegeaatteggaggeettttetagecaactectaattccatggecgacttgattteeg
F L GV FPDGVDRNSEAFSSNSNSMADILTSE
181 aactccaatctcacgtaaacaaggtacttgegggtggtggagetgaggeagtgaggaggaacaggagtaggaataaacttetaccecagag
L Q S H VY NIKVLAGGSGAMEAVRRNZRSI KRNI KTLTLPRE
271 aaagaattgatcgecctcettgateceggtgettecattecttgagetttcacagettgecaggacatgaattatatgaagaacctttgeett
R I DR LLDU®PSGASZFILELSZSQLAGHETLYETE®PLPS
361 ctgetgggattattactggaataggtecagtgeatgggegactttgtatgtttgtggeaaatgacccaactgttaagggagggacttatt
ANG I I TG IT GPVIGRLCMEFEYANDPTV KGGCT Y Y
451 accccattactgttaagaagcatctaagggecacaggagattgetgetcaatgecaaattgeecctgeatttatctagttgatagtggaggtg
p I TV K KHLRAQE T AANQCKL P CT YLV DS GG A
541 ctttecetteccaaagecaggetgatgtetteccetgacaaagagaactttggecagaatattctataatcaggeattaatgtecttecgaaggaa
F L P XK QADVFPDKENTFGRTITFYNIQALMSSEG
631 ttccgcaaattgecactggttttaggttcttgeactgetggtggtgectatatacetgetatggetgatgaaagtgtgatggtcaagggaa
pPQ I AL VLGS CTAGGAY T PAMADESV MV KGN
721 atggaaccatatttttggeagggeectectettgtgaaggetgeaactggggaagaggtetetgeagaggatttggggggtgettetgtte
G T I F LA GPPLV KAATGEEV S AEDILGGAS VH
811 actgcaagacatcaggtgtttcagattattttgetcaagatgaactgecatggacttgecacttgggaggaacatcattaagaacttgecata
c K Ts ¢V SDYFAQDELHGLALGRNTTKNILHM
901 tggctgggaaagatgtectgggaaatggattacaaaatgtaaaatatgaatataaagagecactatatgatgecaatgaacttegtteta
ANG KDV LGNGLQNV KYEYKE®PILYDANTETLR'S
991 ttgctccaactgatettaagcagecaatttgatattecgatcagttattgeeccggattgtagatggaagtgaatttgatgaattcaagaaat
AP TDLXKQQF D I RSV I ARTVDGSETFDETFK KL
1081 tatatgggactactcttgtaacaggetttgetagaatatatggacagectgttggaattattggaaacaatggaattectattcaatgaat
Yy ¢ T T LvT TG6FARTYGQPV G I I GNNGTI L FNES
1171 ctgctctaaaaggggetcatttcattgaaatatgtactcagagaaatattecectttggtettcetecagattttgetateccatttgeete
AL K ¢6GA HF I E T CTQRNTRLVFLQ T L L S HL P Q
1261 agattttgatccaaccatgahtccagtgatgttetg
[ L I Q P =* Reverse Primer

Note: Underline shows the peimers used for cloning MCCase CDS. Wire frame shows the initiation codon and termination codon.

I T RIZFRA TR CDS R BT 514 . SRR T M ILEBT.

Bl 3 SERERIREA MCCase ZE# CDS FF 5140 H) S B B FF 51

Fig. 3 The cloned C. obtusi folia MCCase gene CDS sequence and the coding amino acid sequence
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2.2 YLB MCCase & IEERRT 507

YeBH MCCase 2R 9w 423 PNEE R (Amino acid,
AA)WZE R 83 ProtParam 15,4078 4 45. 87 kDa,
/i pl=6. 80, S BEFENEILEH Leu (11.3%) .
Gly (10.4%0).Ala (8.3%) , R&H Pyl Fil Sec, i EHE
g 42.62, B MCCase J2&— ™ i R M A Fe 2 B H
ProtScale 4347 2% B 50. 25 %6 (1) 42 3 R & BU 1 3 /K
49. 75 % M B S FR R Bt B K M, B AHE D —22. 729, P
B MCCase F:H SRR I N KB AR, H SignalP
3R R B, YeB MCCase SRR TR I 855 I BLK PE
KEBEES R, F PSORT 434 & B MCCase 5 i F£&
oAk 40 M . TMHMM 2. 0 4387 MCCase T 5
X, AAEE IR .
2.3 RGEREHN

il Blast # % NCBI & H 5 898 P3RBT SR AT
& (P. aeruginosa) ARG I (A. thaliana) 7K 5 (O. sativa) .
B8 (D. erecta) . X B 1. (B. floridae) . %45 % ¥ H (M.
tuberculosis) I IHAF & (E. coli) BRI B2 R (S. cerevisiae) .
A B (A. trichopoda) . By 48 B (S. tuberosum) . T il (S.
Lycopersicum) \EHK (Z. mays) & R (S. bicolor) i % &
(B. dendrobatidis) 138 6] & & B (T. interdigitale) i)
MCCase @HEMR JF 51| 318 17 MEGA F1 B MCCase —
BHATRERE . WE 4 s, MCCase #2437 =
KAy F(ABO, 2% A FEHEY A, LIEIE .,
KRR R B i SR E MBI I MCCase,
HAo Bl ) MCCase 5 B I 1) MCCase 3K % % 7 &
Mo T3Ah, R SCE AR RAT R e AT T L 98 1R B
) MCCase 4332 B, 4332 C Wi KB 5% AT
A AR P B2 5 ) MCCase 2H i

LERRIFIE P aeruginosa (3UIR)

Ul D erecta (XP_001970731)

X B B floridae (XP_001970731) B
BER I B.dendrobatidis (XP_006675766)

{10 LR L interdigitale (EZF31356)

691100

56
65

P

| |
0.2

VE 55 H 8 GenBank B 3% 5,

Note: The sequence accession number was shown in bracket.

B4 FREWH MCCase HRZ X TR
Fig. 4 The phylogenetic tree of MCCase from different species
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2.4 JFFI R b

WP BRI RE 2T K A L 2% AT B SR 8 ) MCCase
T2 R F Xt . & 5 LI H, MCCase ) N-
s 1@ HE R i 22 S0 AT RE S AR A 56 . MC-
Case A —"MRSF T RE 4 #9 3 (56 AA-336AA) , 1% IR
PRI 2B CoA RLEE W M = AL, 5
SNETEZGEMIBAN R T 4 MEERSF R ERET
i 5 %k P 7s , kkh++-raq, Ipc++ gga, gsc+++ gay, tif -+
k), X S fRAFEF7E FAD 258 8 1 i kg fE R B
Tk, AT RETE AL AR T R EEE T . SRR MC-
Case(PDB & 5% 5 : 3UIR) [ Fh iR &5 4 B 2l i X ST £k
AR G O B HE Ok, i HL e B MCCase &5 3U9R —
BA 59%, T 30%6, 324 T —~PeB MCCase 43 F
B B TE AR o
2.5 =L

T ERHT R M MCCase (3UIR) AR
2, F Swiss-Model # 17 [F] Y5 @A & 57 T MCCase ) =
Aokt iRl (& 6), ik PEOCHECK #1 VERIFY 3D
X ST RS A HEAFYEAG . PEOCHECK 83 fy = &
7~ 98. 6 N EFELBRIN M AL F A XL UAE 1 4% A
BN T-EBIXSM, @it VERIFY 3D ¥4, #id 80%
FIRIEBRIE KT 0.2, HE7 R RIRAR 17 454
Z ,RMSD {3} 0. 137 nm, @7~ H %8 8 AR U , i B
SERISEM A TRUER . 152 MCCas = 4E 25 H (04F 30
A MBHEX 27 4~ BB X, A I TN &, M4
F_E4y PR H R (A, B) , G5 A EE LA N-
Ui B FE PR IR B S5 M 3, B W =2 RSP Com a2
FRERFEL A, TR <F 1) D) RE 45 44 351 (56 AA-336 AA) fif F 45
¥3% B,
2.6 HLERIRIRSN

ZH 2 25 SR I8 T LU A B 9 35 R 1) T R A R 4 L o
PRALIRYE IR Ve T YL B AR R 78 T 25 IR
A SRR 10 NEHZIXE MCCase 47 T 40
L EFRIEX 5. HE 7 8T8, MCCase #£ /A [F]4H
IR IR IRy AR RG> 16 > A > R e >
W>ZESFF >k, R ER SR+ Bon s ER
k. MEREHAL P REIBRMK. AR ER, MCCase
FERITIEAEMAZZE N, LRI EH MCCase
B P AR B TR LR 4, K & MR R B A
HAEIEM LB FENREGEARE  HR R L SHAH
KA. HEHLURE T W5, MCCase W] fEH F 32
FDEIRA ST 2 RRE . PR R, B2 RR a1
il MCCase R385, Je B F - FFh 7 & S W52 5, 1
HPFMFHHZERSBEE , MCCase 1 AR
SrRARIEHR R R RIEE EAEA X g T MCCase 1
Tt R R A B R
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C.obtusifolia
A.thaliana
O.sativa
P.aeruginosa
D.erecta
Consensus

C.obtusifolia
A.thaliana
O.sativa
P.aeruginosa
D.erecta

MLRLLSLGRRAHGSSWRGSTLEVFTRE. ... ... oot GFCLG

. MLRRFAARRLRPPATAGYPSSAAAAAAAYAHG. .. oo n s GGAS

DGVERNSE

MLRLLGRRVVSASKELTS LQQWR LRPGTDSRPDPERTFRGLOKGFCVG

FSSNSNSHADHTSEIBQSHVNKE | A (Hee
DGVERNEEAESSNS [ALEG HLSE

KGG
KGG

YYP. ]
YYP: ]
YYP..T
" KGGEYYPET

KGGRYYP

KKHLRAQ I
KKHLRAQ1/

T KKHLRAQ:

| i e

Consensus kIl reri 11d g flels la y e g1 gg g ¢ nd t kgg yyp kkhlraq ia

C.obtusifolia 267
A.thaliana 297
O.sativa 271
P.aeruginosa 257
D.erecta 264
Consensus

C.obtusifolia SEADT! Il YS! X VDGS 357
A.thaliana — |[JOTVSISUSIY FIRQRELRIGEA TGN BKNBHMAAKQGMEGT. .. .. ..... ARV S: XVDGS 387
O.sativa — |[8l&s [ NOUSI RO LRIGET] GINNGRKNBH T AAKVPN. ... ... A A l Q) VDGS 358
P.aeruginosa  |[Sl&EVNEUAWITYIREDD DRIABA [ ARCEANBNWRKQ. ... ... ..o LVINE 341
D.erecta V(;I’ I IKS DYRIY 364
Consensus nl Dy el d r iar vdgs f efk
C.obtusifolia 423
A.thaliana 487
O.sativa 458
P.aeruginosa 441
D.erecta ) | JFR 464
Consensus g tlv gfa g i nng If e a kg hfi qr ipl flq

B 5 HRHEE MCCase F1EE MCCase % FF 5 bk Xt
Fig. 5 The multiple iequence alignments of C. obtusi folia MCCase and other MCCases
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"obtusifolia MCCase
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//
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N-¥ji )\;

C.obtusifolia MCCase
(B

e
A D

Domain A
(ZEHIRA)

Domain B

(HH3EB)

KB MCCase W[E]REE

Fig. 6 Homology modeling of C. obtusi folia MCCase
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f?% 08
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=58 04
2z 02
ot dem L
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D | :& ES 5C E 5
B 7 HBE MCCase HAERRIZHEN

Fig. 7 The tissue-specific expression profile of
C. obtusi folia MCCase
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3 %Kik
YL FAE R —Fh 2y & RV A, 38 = B M E
ZE NS , MCCase 2 51HY) 2 Z R H R, F
3% MCCase 1 T fR B ER AR R AR SR FHE R
M ERARYE . XA T YLl 10 AR AL
RNA, FI /] RACE AR5 2| T Y8 MCCase 41, Fl
HAEYE B 2K FIHIT T R 0, 3 Ly Bl
18S rRNA NS FI| iz & PCR £ ARXFYLBH MCCase
TTERFRED., Y8 MCCase £+ 1 269 bp, %
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% 423 A IR (Amino acid, AA) , HIRBRERN G EEH
T, A5 5 IR, 2B A5 F SR04 540 i 5T, S AR B R AR
Ho B MCCase 5/KF8 . EK R R A B FA. D82
BRI MCCase RMH R RERXR, KA 5
PR IF YRR R . MCCase A —AMRSE I ThRESE
B B, 5 2Bt CoA R AUEE B 7~ H 8w AR , IR 7E X
G RILT 4 DR BEORSY B B EERRJE , T RETEHE AL
WP LR, MCCase ZEARAL FHELEST
Fik, FERG b BR i RRER EHEALS R
BK, X 5HFPEIIH MCCase IR IKF K. EHR
A 5T MCCase )T REFITRFEALHI SR HEMAR .
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Cloning,Sequsence Analysis and Tissue-sepecific Expression of
Methylcrotonyl-CoA Carboxylase from Cassia obtusi folia

LIU Zu-bi, LI Juan-juan,ZHU Qian-kun,SONG Tao ,ZHOU Jia-yu,LIAO Hai
(School of Life Science and Engineering, Southwest Jiaotong University,Chengdu,Sichuan 610031)

Abstract; The cDNA sequence of Cassia obtusi folia MCCase was abtained by RACE and analyzed by bioinformatics. The
tissue-specific expression of MCCase was analyzed by quantitation RT-PCR. The results showed MCCase sequence had

length of 1 269 bp and coded a protein consisting of 423 amine acids,which was an acid, hydrophilic,unstable protein and
was located to mitochondria or cytoplasm. Cassia MCCase had the highest homology with Arabidopsis MCCase. There

was a conserved functional domain in MCCase, which was similar to that of acetyl CoA carboxylase. Four highly

conserved motifs were found in the conserved domain and might play important role in catalysis. MCCase expressed

diferently in various tissues. It showed high expression level in root/hypocotyl and low expression level in other tissues.

This might be related to the expressional inhibition of MCCase caused by carbohydrate and light.

Keywords : Methylcrotonyl-CoA carboxylase; Cassia obtusi folia ; gene cloning; bioinformatics; gene expression
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