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Cloning and Expression Analysis of cDNA Fragments of Genes Related to Mi-

crospore Embryogenesis in Chinese Cabbage
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Abstract: The highly embryogenic inbred line ‘09C3” was used to clone cDNA fragments of seven candidate
genes involving in microspore embryogenesis of Chinese cabbage, and the expression of these genes were
studied by semi-quantitative RT-PCR to monitor the effect of 24 h heat-shock and gene behavior after 24 h non-
heat-shock culture. The length of seven obtained fragments ranged from 213 bp to 417 bp (the cloning IDs
were C31, C33, 99H6, 99HS, EV14, EX01 and C35, respectively). By Blastn and Blastx on the NCBI, these
fragments showed over 80% in amino acid identity against HSP70, BcHSP, Lec 2, Fus 3, PAP14, HSP17.6 and
HSPI18.2, respectively. The results from semi-quantitative RT-PCR showed that HSP70 and Lec 2 were up-
regulated after 24 h heat shock, while no changes were found in normal culture. BcHSP, HSP18.2, Fus 3 and
HSP17.6 were up-regulated under both treatments, while PAP14 was down-regulated.

Key words: Chinese cabbage; microspore embryogenesis; heat shock; semi-quantitative RT-PCR
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H Primer Premier 5.0 3 {4 H5 4 126 55 K 7 51
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(Brassica rapa). 5135 AL € H AL A R A
Gy

1 MR FE D P Bk 5 14

Tablel Primer pairs designed from candidate genes

£ e 7l 515 — 3"
HSP70 Brassica napus ES269567 ATCAACCGAAACACCACCAT
ACCATTTGCGTCAATGTCAA
BcHSP Brassica rapa AB367955 AGACCTGTATGACCCGTTCG
TTCTCGCTGCTTCTCTCTCC
Lec 2 B. napus DY021430 TTGCAATGGAATCGTCTTCA
ACAGCGATGTTGGGTCACTT
Fus 3 B. napus DY012343 GACACGACGGCTCTAACCTC
TTTCATATCGGGCATGGATT
PAPI14 B. napus EV141452 TGGGTCGCCTCTCTTCTTTA
CCACCAGCGTAACAAAGGTT
HSP17.6 B. rapa EX017137 CAACATCACGGAAGGACA
GGAGGATAAGAACGACACG
HSPI18.2 B. rapa BG544107 TTGGAGGACGGAGATCAAAC
CTCATAAACTTCCCGCTTGC

K A2.5~3.5 mmffI {678 (T 3 2 A
FHAZAELIN), FH 70% KSR 30 s, 2% KA TR
BRI VEES 15 min, JGWR Z81R/K Pk 3 d . H B
PR R IR UM T, 30 umo S B AL A il U,
JEWLL 178> g BS.0 3 4K, BFIR 3 mine Vi ESF/M

T H 1/2NLN-13 (RERAR A 13%) AR KT IR 55
I, M ERICER A MR 1$10° mL'~2%10°
mL"' o GRS 2 Pl ER, AR AL BE YLLK £ Ab BRI
HHEENL T Ol IR, AREE 1k 33 C AL 24 h R
FE, Ab38 2 4 AT 25 C IR IR 24 h G HUFE
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WA AN R AL F (1) /N s R, DA 715% g B 2
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200 bp — 200 bp —
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¥ B A3 2016 3 5146 NCBI L H Blast #2/57
HEAT [FYE A 2 (http://www.ncbi.nlm.nih.gov/blast);
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HIIEAT e & B RT-PCR AT o« X5 T Fus 3, F Primer
Premier 5.0 X fF# il € i RT-PCR $5 524 15 5]
W, B354 5'-GACACGACGGCTCTAACCTC-
3", NS94 5'-ACCCTCGAATGATCCAACCT-
3% BN REASFE DA E AN [F] ) PCR I3 A7
€ 8 RT-PCR 43 #7, b HSP70 Rl Fus 3 1 36 4~
iR, BcHSP. Lec 2. PAP14 Rl HSP18.2 ) 34
MR, HSP17.6 3 29 MG .
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RS 4 1 51T PCRY 1 1 45 AR UL I
Lo 551 W 359 84 H B 4647, - s

500 bp _»

K1 /MBFIR IR R A AHICIE B 1K) PCR 47384 71
Fig.1 PCR products of microspore embryogenesis genes in Chinese cabbage
M: 100 bp DNA Ladder 7 FHbrifE, 3£11 &%, HRFI/MKIRZ T 500, 1 000, 900. 800. 700, 600. 500, 400.
300, 200 1100 bp, EIF#RH 500 #1200 bp. 1~7: 33 CH 24 h J5 (0 PCR 4); w9t T, 1: C31; 2: C33; 3: 99H6; 4: 99HS;

5: EV14; 6: EXO01; 7: C35.
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TIIH—2, 43 A {E 200 bp £ 400 bp 2 [1], HSP70 Fil
BcHSP 34 H 4% 17 K/ 200 bp 244, sibe
S35 C31 RN C33; HSP18. 29 1 Hi ) 4545 24 300
bp Zit, TSl C35; HSP17.6 1 46 b
340 bp AiAq, Sl S EXOL; Fus 33734 H R 45717
350 bp ZE A4, WS A 99HS; Lec 2 Ml PAPI4 Y™
18 4k 400 bp A AT, TURES 23 5k 99H6
FIEV14. [ 99HS #b, PCR ¥ 84~k hy 4
W, A5 R e M
2 KEFRNMNOFHRBRAEHEXERNTE. NF
RFE5I5 4

X v AR 2 1) Bk 7N H A s i T I, 2%
Fr#44 7 %1 J5 726 NCBI _F 3347 Blastn Al Blastx 73T o
Blastn 45 /R (# 2), C31. C33. 99HS8 M EV14

B 3 55 DRI 7 91 (1) A% TR 7 0 R 2R 100%,
EXO01 4 99%, 99H6 24 98%, C35 ) 91%. Blastx
S5 BOR(33), C33 5 BcHSPHZ S 1R 41 [l P v
4 100%, C31 55 HSP70 2y 97%, EX01 15 HSP17.6
4 96%, C35 5 HSP18.2 4 92%, EV14 5 PAP14 )y
88%, 99H6 5 LEC 2 4 83%, 99H8 5 FUS 3 4 82%.
AILFATHIIER F BS 7 AMEEIER HSP70 .
BcHSP. Lec 2. Fus 3. PAPI4. HSP17.6 Al
HSPI8. 2/ % IR 741 S Fe 2t 2 S5 18 13 H1 1) [R] 5
PEYE T 80%, it 5L R )42 0  BE, R HAE A
DIfe . 7 475 D42 4AC GenBank H#is 122, 5%
S35 GT053407 (C31). GT053408 (C33).
GT053410 (99H8). GT056058 (99HG6).
GT056059 (EV14). GT056060 (EX01)#I

%2 5374 Blastn AHUE LR

Table 2 Comparison of different sequences by Blastn

Blastn
SO R FBCK R/ bp
J¥%1 1D [R5 TE /% EfH A RS B
C31 GT053407 213 ES269567 100 6e-104 AL R JKBNM4, mRNA 75
C33 GT053408 222 AB367955 100 7e-109 /WA BcHSP, mRNA 74
99H6  GTO056058 399 DY 021430 98 0 H A 3% 63JKCOTS, mRNA 547
99H8  GT053410 364 DY012343 100 0 H A 3% 40JKME7D, mRNA J#51
EVI4  GT056059 417 EV141452 100 0 HE AL SR HiTE 2 cDNA, mRNA J#41
EX01  GT056060 339 EX017137 99 8e-168 KAZAE 25 cDNA CE KBAY-28A08, mRNA J51)
C35 GT056147 328 BG544107 91 3e-129 KAL) Hi cDNA 3L E1889, mRNA J¥7)
%3 2755 Blastx ALY L
Table 3 Comparison of different sequences by Blastx
Blastx
TS BT R BB/ bp
F%11D ) /% E{H AL 5 B

C31 GT053407 213 BAD94381 97 2e-31  WSF HSP70 KLl A
C33 GT053408 222 BAG82627 100 2e-28  /NAEHGHEA
99H6 GT056058 399 ABE65660 83 3e-18  HLMiJF LEC 2; DNA 44/ 3R+
99HS GT053410 364 AAC35247 82 2¢-08 UM JF FUSCA 3
EVI4  GT056059 417 AAW29948 88 7e-65  URIIF PAP14; BRYEWEIREG / L2 2 IR / 82l IR IR
EXO01 GT056060 339 NP_180511 96 4e-26  fINISTF HSP17.6B-CI
C35 GT056147 328 NP_200780 92 le-43  fLlFJ+ HSP18.2

GT056147 (C35).
3 /NEFEEBR A B F AV E=RT-PCREEN
FFs CRAF 1 7 AN G A AH S SE A

PR 8 51, K 2 2 78 RT-PCR Jvk
R X Lo BE R [ R TE o 7 AN T DR 1) ik B 2 m] 4y
3K (D) RER 24 h 5 LFRIA, A5 2 MR,
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439 HSP70 Fl Lec 2o i Lec 2 RAE# I 24 h
Ja ik, Hoe I AN Rk o () PR i 5 77 24 h
JaREH LW, H 4 AR, 0k BeHSP.
HSP18.2. Fus 3 1 HSP17.6. .4 HSP18.2 ¥ Fus
3 HAESGS 24 h 5 FIE il 24 h J5 3Rk, HSP18.2 7
W N R 24 h RIS SRR B TR 24 h )5

[FZRIK R, 1M Fus 3 7E#IK 24 h 5 IR IA R 2 &
TR T EE R 24 h FRIA & (3) AR LR IR
24 h JERIBHESN W, G 1 AR, S PAP14 (R
4y HHIEHEM, N T2 BBk HR 24 h S,
)T HSP18.2. Lec 2 Fl Fus 3 3k, MxtT
HSP70. BcHSP. PAPI14 1 HSP17.6 K, ##

K4 MUTIRIE R AL K € B RT-PCR

Table 4 Semi-quantitative RT-PCR of genes related microspore embryogenesis

J5EH RT-PCR 4531

e e LR 445
HO H24 RO R24
Mg 24 hfERIE LR C31 HSP70 m
PR R % 24 h 5 RIE LA C33 BcHSP —
PP TE 24 h ERIE T EV14 PAP14

HO F1H24 23 5 5B /N7 A1 33 CHGAL T 24 h; RO AT R24 4350 4 B fof /N 1 F1 % I 55 77 24 he

ok 24 h Hn[ i G R R
it

33 CHIH24 o+ A e RHED T S/ LT Ik
MR MK G EE, KdE S5, 5%
AN TR FR 3 R ) 1A AR, S5 TR
IRAR o e R, AR TE R RYVRY R
(41 HSPs) (Boorstein %% 1994). 7EIXLH [,
HSP70 ik & fe & A b s R ). 75 H
WA N I G R A R, IS T S
HSP70 Z R ZIE L iff(Cordewener %5 1995).
AIAER B PR RIS R . Volkov 55
(2005) (MR FE R WY, /Ny 1 B AR AR
A E ARk, T BAR ek v Ak, HAR IR B H A
B NETIRIG R AR DI G AR TR
4y Y1) HSPs, W BcHSP. HSP18.2 1 HSP17.6.
S5 RN, XL FLPI AN AE B 24 h J53RIE B,
i H R R RE R 24 h G Rk B i e, 78
KA MET AR AE SRR B, AR5 T HSPs

I Re A AN F D RE, K T REMHSPA e AT
FEE o BT AR SCHORE IS ) 5 A7 PR, X883
T HSP WRIBTEIEA G 5, Afdt— 0 &,
LEC 14t T —ANCCAAT HELE A e sk K 116
HAP3 Vi jG(Lotan %5 1998) ., It4h, LEC 1 K3t
TIN5 T IR A M ) VR i A A v AR
(Stone £ 2001). LEC 2. ABI 3 M1 FUS 3 &
055 e s R 1 1) B3 &5 Ry 3 (Koornneef 45 1998) .
ABI 3 FUS 3 5k RIS E ABA 15 5i&4%
(Finkelstein %5 2002) . TR IGAFFT R I, X LLIE
DRI 5 M7 1) R B TG %, ik 5 R IRIG &
447 5%(Gaj %5 2005). LEC I, LEC 2. FUS 3.
ABI 3, WOX 2. WOX 9 fl BBM 1 J&/MiT Ik
R AR 7 AR e SRR, T HLE R R
(Malik 55 2007). ASCAE K H 32 BA RT-PCR bifE
FI LEC 2 F1 FUS 3 FEDH R BOAS DN L JE PR 1) R0,
iR WoR, e A 24 h ) BRI
RO TR I BRI (purple acid phosphatase, PAP)
SETE PR A A B A 1) 4 R B PR R (S chenk
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W, FCTE LI AE IR i R AR R R A A AR I AR
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S 3k
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