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Abstract; Farnesyl diphosphate synthase (FPPS) is a key synthase for the synthesis of farnesyl pyrophosphate (FPP)
a precursor of plant terpenoids. In order to investigate the molecular mechanism of terpenoid synthesis in Liriodendron
tulipifera, the full-length sequence of the LiuFPPS1 gene was cloned by RACE technology and analyzed by
bioinformatics using the transcriptome data of L. tulipifera, by designing specific primers. The results were as follows:
(1) The length of LiuFPPS1 gene was 1 460 bp and ORF was 1 056 bp, coding 351 amino acids. The protein molecular
weight was 40 589.45 D, the isoelectric point was 5.19, and the instability coefficient was 43.50, which was classified as
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unstable protein. The protein encoded by the LiuFPPS1 gene was an unstable hydrophilic protein that was localized to

mitochondria and contains no signal peptide. It had a characteristic domain of isoprenoid compound synthase, and the

secondary structure of amino acid sequence was mainly a-helix. (2) The phylogenetic tree and homologous sequence

analysis showed that the LiuFPPS1 protein of L. tulipifera was more closely related to the FPPS protein of Michelia

chapensis. (3) The results of tissue expression analysis revealed that the LiuFPPSI gene was the most highly expressed

in the pistil of L. tulipifera, and its order was pistil > flower bud > stem > stamen > sepal > leaf > petal > root. Based on

this, it is speculated that terpenoid metabolites are relatively more synthesized in flower organs. In summary, the

LiuFPPS1 gene is a terpene synthase gene, which can provide some theoretical help for exploring the synthesis of

terpenoids in L. tulipifera from the molecular level.

Key words: Liriodendron tulipifera, LiuFPPS1 gene, gene cloning, bioinformatics analysis, tissue expression

H #k 5L h K 22 Bl ( Magnoliaceae ) £ % &
( Liriodendron ) B 2k 55 = 40 -F 5t W A, AN A PR
ATl K MK (L. chinense ) 1L 3¢ 8 % Mk (L.
wulipifera) ( B BEREE ,2016) ik 29 i fE AL 3&
G FEMAE A 19 T2 2 00, 0 3G R R AL Ry BA
BN, B, B 5T 2R 165 P 5 o b
FRE F A i AL A HA R

il A0 G Wy 2 A W R AR A, AT
MRS AR DR MR YR L Y
T B (5 B AR TR A A2 B A A A )
B HIEVEH (Huang et al., 1999) , 289 it £ %
Do OB OO M B R ( dimethylallyl
pyrophosphate, DMAPP ) H1 5 & — Ji & B 2
(isopentenyl pyrophosphate, IPP) “}y i ¥, 18 13 7 41l
JHeL 5 o R AT B B 2 G R i 4% ( Mevalonate pathway
MVA) FILE 24 P FE AT 1Y 2-C- T - D -2 o 4 e -
4-1% R & 18 ( 2-C-Methyl-D-erythritol-4-phosphate
pathway , MEP) 4= i, 2 HH Z P B L LR = 519
Skt e, Horb MVA 42 3 20 5T 4% 21 ik ) i
G T MEP & 48 3 2 £ 57 Sk | XU 19 &
( Dudareva & Negre,2005) , MVA il MEP i& 12 A~
2 B TE 1Y, T8 A AR 2% T 28 A TE W) T
(RAE 4, T 28 W) JoT A 4 R 22 KA W Ak N B A Kk
B, FEAEY) P AR S B 2R (5 R 55 ,2018)

e It L B R & M ( famesyl diphosphate
synthase , FPPS) J& T %0 % (%) 5 I3 0 JiE 5 7% Tl X Ik
S A IR AR Y K2 B 73 S0, TR 28 i 5 i
) MVA @A 2 1 515 5 R R ko e i 7k
RIS ,2017) o PR, 2R FPPS A 45 #5015 1
KBRS T i e AR AL S YR A
HIEMEAACE W) I3 S B s R A R T
SR BN W 28 W BT R B O, ¥R e Sk AR R TR
(farnesyl pyrophosphate , FPP ) J&ififi 2 ) i &5 Wi i& 7%

T E Y, 2 G R Z i 2 R IA, FPPS
DA 4= JL 3 £ B R ( geranyl diphosphate, GPP) 5
DMAPP 5§ IPP JJicy , it ik ipfie S5 iz 26 i FPP (2%
KPR, 2012) . FPPS HE ARk 26465 W1 5
MVA 3420 OB il KL [H], SoRe %858 FPPS R X
A& W E Y& R P B A M E,
H i 2L ML Fd IF (Arabidopsis thaliana) ( Delourme et
al., 1994) . & & (Artemisia carvifolia ) ( Matsushita et
al.,1996) MHFE( Nicotiana tabacum ) ( BLBIEE,2010)
S SRSt FPPS 5B oK T S
ik FPPS &R sl S A= B A 5 T il

ABIFTE DTG0 A5 1) I 56 308 B ARk e R e 12 v
fifi 6458 FPPS ZEPIFFSI, 8] RACE HAR AL IEHE
M riRES e ) FPPS B X T A E B
2O IR T, DU AR i B R FE L 658
FE SRR TP D RE B9 E KL

1 #H#EF*

1.1 # RS F

AR 5T R bR K 2T & 5 ) AR R 2
PR AR, SR S b 55 36 3 A6k ( PR O 38 B A6 0
M) AR 25 M AR R AR R R Y
FE TR T TR , 7E-80 C VKA At A7

7. RNA 4 Wil ) & | S % salon & 050
RACE 1 3'RACE il & WL TaX&A A n
DNA [ 4 % i 38 ¥ & . pEASY Blunt T-1 Cloning
Kit 52 B 20 AR RN K A1 TR 8% A2 AR 20 ML 5 51 )l ik’
o4 W AR PR RS W5 R, DNA JF 30 7
M g AR E AR BR A R SE AT,
1.2 RNA BJIREUFN cDNA BI& B

¥ RNA $2HUIT F B A 25 MO TR b 3
27 RNA $2 05 & 156 B 45 32 M b 56 38 2 A OAS [
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LU RNA, B2 B0 #2770 8 ¥ TAE & #E 17 R 1
P& RNA A2 3059y SR iUs i o1
Y& SE T ( Thernmo Nanadrop2000) #6:3l FIF $2 5L RNA
B, Hod 0D260/0D230 5 0D260/0D280 1 {E.
YITE 2.0 7oA o A8 FH B0 W G5 M v i AGr I T 41 B

B9 RNA , 25 7H7 75 5 TG W 3 P A R 42, 28S RNA 2%
SRR 18S RNA il s BEIY 2 4%, fF & J5 2L 50
FIESR (1), K $RHUAY RNA 23 500 4% B R 500
ng « wL', B RGN & UL 5 Al cDNA 56
—BE

1M 2. 28, 3. 4. B3, 5. 4B, 6. MERE; 7. MERE; 8. M,
1. Root; 2. Stem; 3. Leaf; 4. Petal; 5. Flower bud; 6. Stamen; 7. Pistil; 8. Sepal.

K1
Fig. 1

1.3 LeuFPPS1 B HA £ K HIFKEX

BT OA Ml 35 58 5 M S AL B0 ke R 18
#|— %% FPPS $:H % EST F£ 3, i F Oligo7 % 14
Wit el i B S PCR 514 (£ 1), BL ¢DNA
W — 55 h B AR 1T PCR ¥4, Xty 14 2 o
1.5% P4 B I M 05 M P K 2R 77 G0 )5 D10 e Tl e
VI 15 2 59w 18] | BE 2 H e 91 2 31 pEASY-
Blunt 245 7% £k 21 AT 1 8% 52 25 40 M, k3B RH
PEvEREE RN FEINY 3L O 200 e R Bl
F Oligo7 #44¥%11 3'RACE 11 5'RACE 314, {i Fi
HA BT IR _E R A1 3’ RACE 11 5 RACE
REB BP0 = A BEIE T PR A B
2K,
1.4 LuFPPS1 ER RN EYEBZ 0

Wit NCBI ZELR T LiwPPS1 3[R Y FF i 5]
JZHE (ORF) ; £ NCBI conserved domain " il il
LwFPPS1 & M B & 5F 45 # 3; F] F Expasy
ProtParam X} LuFPPS1 & [ 5T (4 2 £k 4 o 2 47 3
M43 #7 5 38 1o signalP 4.1 Sever #£47 LtuFPPS1 & H
FifE & IR B (S BREll A5, 2019) 5 i ] SOPMA X
LwFPPS1 5 [ A9 — gL 45 ¥4 1t 47 B0 5 #r ; 1
Phyre2 Tl LtuFPPS1 £ F =2 4544 ; M| TargetP
1.1 Server # 7 £ H ﬁﬂféﬂﬂﬁ@fﬁfﬁﬁ(ﬂu, ¥
LiuFPPS1 3[R 45 & 3L 8 1751 5 NCBT 548 2%

IEIEBAE b RNA 588 H K A

Detection of total RNA gel electrophoresis in different parts

£1 EEEEIIWET
Table 1  Primer sequence for gene cloning

1B KR

CIE BN 51975 Annealing

Primer name Primer sequence temperature
(C)
¢DNA fragments ¥ CAAGCATATTTTCTCGTCCTC 51.7
¢DNA fragments R TCTCTCCTACTTCTGCCTCTT 54
3'RACE outer ATCTCGACTGCTTTGGTGATCCT  58.2
3'RACE inner GATGCAGCCCATGTAGCGAAG 63.8

GTGAAG
5'RACE outer GCATTGTGTACTTGGACAGATCT  62.3
TTTTCTCCTTCA

5'RACE inner GTGTGTGCGATCCATCCATAA 55.3
ORFF TACACACACACCCTCTGCTTC 56.8
ORFR CTATTTCTGGTGTGACTCTCT 51.3
Actin97 F TTCCCGTTCAGCAGTGGTC G 60
Actin97 R TGGTCGCACAACTGGTATCG 60
qrt-per F TCTACGCTCGCCTGAAATCCG 59.4
qrt-per R GATACACCACCCAAGCGAGCA 59.5

o IR S S 2R AT H X, F MEGA7.0 R4 4

N s 2R A A RGEUELR

1.5 LeuFPPS1 EE AR RIESH
FEERHUY RNA #8500 ng - pL', J5 R %

SEA cDNA . MR¥EE RS 1Y LiwFPPS1 3 K ¥ 51 15
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it qPCR 519, NS 3K R H LeActin97 (Tu et al.
2019) , BASFES RN SRR E 4 ~EE, AT
LTI i PCR R KA I L FPPS1 5 K 7
HAHLh R REE, RV ERTAR RS H KA
RIS T

2 SR E M

2.1 JLEHEW LauFPPS1 EE L KHIKE R &5 %

MNSZES 2 O AT 10 b 55 3 2 A0k e S 21 5080 v A
RE|—Z EST 751, 3 T P58 115 [ P14 38
] 7 B A 780 bp, 76 B6 H 1] B BE R Ak 5231

5'RACEFI3'RACE 514, 4 1411 5’RACE 1 3’'RACE
A BERIRE 55 354 1326 bp (& 2) , Kb HE i
) 5'RACE 3'RACE FlH[a] Jy Br Df 42z ke >k 15 31 L [
2K R 1 460 bp, B3 4 K] NCBL X 3
ORF finder 7EZE T 2] LiuFPPS1 J£[H 1) ORF 4K
A1 056 bp, 5" diAEgRAS X K 72 bp, 3"k g5 X K
332 bp, M TN E ) ORF W50 % 351 4 2 5 IF
ORF , 32T 54 B KN 5 R n PF 2 7 51— 3 H
TCAR S B S REARAS I FPPS R 4% 2K 1 3
i NCBI BLAST Protein 54 2 #E47 Xt , M40 e
XPEE S KRS 0 H B SE R 5 44 0 LiuFPPS1 (5 5%
2 :MN834118) ,

bp
bp 1500
bp
750 bp 1000
1000
500 500
750
250

A. a5 B ; B. 3'Race; C. 5'Race; D. ©K ORF,

A. Intermediate fragment; B. 3'Race; C. 5'Race; D. Full length of ORF.

2 LuFPPS1 HEFBERE HL VKA I
Fig. 2 Detection of gel electrophoresis in LiuFPPS1 gene

2.2 L EREW LauFPPS1 EEHRBEB S

2.2.1 LuuFPPS1 3 B % 3 %% & 0 B AL M TR 5
A {fi ] NCBI X%} LeuFPPS1 518 4t 8 1 14 48
P& 15 41 F A7 A <7 45 0 3 10 0 0 &5 SR AT
LuwFPPS| BN rmib EARE TRR R MG A
fiti , A5 7 DRSPS RS, AR IR W 4 A AT LR
Yy-Mg?* 25 G 60 s 16 P A o 35 4R 2 | BE K e
X MO E R AR 1 R & RAETR
X 2(K 3), i#id Ml ] Protparam Xf LtuFPPS1
F— g B Ak M BT F 47 0 4 b, 25 R kB
LiuFPPS1 2K ORF Zifith 351 P& FEAR , H e
SEHL NN 5,19, 40 T 40 589.45 D, EEH R T
ﬁy‘jclanzsAleOsmSlsjiéj%/z%‘%ﬁj"j 63 175’Z<%%‘

EZRBUH 43.50, H: Gravity {5 4 -0.314, JE Wi % &
FEBRTE RN 91.62, K LuFPPS1 & 1 N A FaE
SEKMEHE A, ff H predict protein 43 B T il
LiuFPPS1 FE R 4 i 4 Fh S 5L W 1) B o3 b, 25 2R 3%
Wlse iR K4 J R, 22 AR AT 2 TR 512 TR &
LwFPPS1 LR HEE A LM (K 4), @it
signalP 4.1 Sever 2 ¥ X} LiuFPPS1 3 [F i & 4 i
SE T, G5 R U] LuFPPST B A EES S
JIK, AT RE & —FRAE I AL R

2.2.2 LiFPPS1 X B % #h % & — 28 = R 45 # TR
S Hr i SOPMA 7E il LeuFPPS1 2 19 —
Yo Lk T 25 B % B LwFPPS1 & 1 & B AETE
o-M2E (Hh) | TR (Ce) | B-IRHE (Tt) FHiE
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Query seq,
substrate binding pocket 00w f

200 250 300 351

substrate-HaZ+ binding site Jbj '}

active site lid residues | ° )

chain length determination region | ° 7§
catalytic residues (5 §

aspartate-rich region 1 4 )

Specific hits
Superfanilies

Isoprenoid_Biosun_C1 superfamily

3 LwFPPSI 4 Of 57 45 Ay B AT
Fig. 3 Prediction of LtuFPPS1 protein conserved domain

V, 7% A, 5%

C, 2%

Q, 5%

. Asparagine; D. Asparticacid;
C. Cysteine; Q. Glutarnine; E. Glutamicacid; G. Glycine;
H. Histidine; I. Isoleucine; L. Leucine; K. Lysine;
M. Methionine; F. Phenylalanine; P. Proline; S. Serine;
T. Threonine; W. Tryptophan; Y. Tyrosine; V. Valine.

4 LwFPPSI 3 FH & IEMRALK,
Fig. 4 Composition of LtuFPPS1 protein amino acid

s (Ee) X MU fg 4, Hrh Hh %7 218 2
B2 BTG Fe i, 5 62.119% ; Ce & A 99 &
R, 15 28.21% Tt %A 10 D& IERR, 15 2.85% ; Fe
T 24 NEERR, N 6.84%, XIUFM G BT
ARG (BI5) , AT B ML TR A 2
¥, R Phyre2 T H I 25 4 [a] V5 42 45 950300 43 47
LwFPPS1 #1450 (& 6) , & LU &
(Artemisia carvifolia) W) FPP 25 [ A 2R AR A, 45 1
FM LwFPPS1 B H I s i & A4 & FPPS A
FIZ5R | J8 T FPPS 3E[H

2.2.3 LwFPPS1 & & % T @ fio & 4= faml  H
TargetP 1.1 Server TEZ AKX LuFPPS1 & [ #E 17

A E L T (2 2) o PN AE SRR LFPPS]
A RE AT T LR R, LwFPPS1 & H [ TP
(MF2R{K) .mTP (LKA ) [ SP (73 i ) | Other
(oAl B9 23843 99 4 0.026,0.639 ,0.193 ,0.127,
TR 2% SR 0 AT SEME S 5 (reliablity class) A 3,
2.3 LFPPS1 EE MR E TR FF 5 RiR L X & &
Gt LB 1T

£ NCBI $0H P st LawFPPS1 3 5 4 it 2
FRIPH AT Blastp X, S5 R EHH SR E &%
( Michelia chapensis) 1) [a] J5 14 5 /&5 (96.01% ) , 5 B
1§ ( Chimonanthus praecox) (¥ 2Bk ( Quercus suber) .
e T £ ( Gardenia jasminoides ) . M %% ( Elaeis
guineensis) AP ( Juglans regia ) 25 ¥ ) 14 [R) 5 P 15
KT 75% . T B X5 53 8 1 2 LR 741, 43
SR E SR M R EER AT AE TR Ik
% (Asparagus officinalis) 1% ¥ (Ananas comosus) i
16 ( Nelumbo nucifera) ./INFBFFE ( Musa acuminata) |
&M ¥ (Albuca bracteata ) . ¥ WL 1L #4332
(Aquilegia coerulea) 1575 [l ( Macleaya cordata) 1
1€ 8 & ( Lilium longiflorum ) . & % ( Cymbidium
goeringii) . Z WK ( Sesamum indicum ) | ¥ % ( Phoenix
dactylifera) KK ( Carica papaya) . %5 £ ( Astragalus
membranaceus) , FRE T MEGAT7. 0444 i LiuF PPS1
LA Gt 2 1 R G A, 0 A 4 SRR WL L R 2
fk LiuFPPS1 3R 5 5K B & I Wil — 32, 5 I #f
PR R B (K 7) o
2.4 LiuFPPS1 EFE ) HRARIE T

X LwFPPS1 3 P TEAL LR F A 8 AT
HAUP R 7 4 R M R W, L PPS1 JE A
TEBER  ZEAEZF vh i Rk B A X 8, LR MERR
TR IR B T 2RI A TR MERS R A e rh
PRGN BT AT MER P R IA R 2 2 7l
R e, FEAE AR rh 3R 3k i IR, JU HAE AR o
Fikim Ak, W 8 BN, LuFPPS1 JEPITEX 8 4>
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& 2 LtuFPPS1 & B #9048 B € {2 F5
Table 2 Prediction of subcellular location of LtuFPPSI protein

ARHE- IR -

1
58 168 156 200 250

B o R0E; E& MG, RE. p-HfM, A& IEMHEE,

Blue line. a-helix; Purple line. Random coli; Green line. B-turn; Red line. Extended strand.

K5 LwFPPSI &AM &5 01T
Fig. 5 Analysis of secondary structure in LtuFPPS1 protein

ZH LU A AR X 2 3k R /INIL R SRy A8 > AE 2 > 2K >
MESE > > R > AR

3 W54

FPPS B[R UEME I I & i S B i 2L I, 7
i 2 BTG it AR R B TR AR E .
B4 W75 22 ( Dysphania schraderiana ) ¥ i W il 28 1
WG AT MR 2 5 (N 958 45 ,2019) 5 4
KA (2015) X AL ( Eucommia ulmoides ) EuFPPS
FER AR 5T R W EuFPPS FE R AE Ak 254k & 9
Kokt b i ) A il k5 AR 5 Chen et al.
(2000) 7E ¥ 4L 8 ( Artemisia annua) 738 33 8 F it
LA k5 A FPPS JEIR 4 e 1 % B PR g vk
(T 8 R &, UL FPPS B RIS 284 niid 72 v
KAE T HEWEH ; Xiang et al. (2010) M JEHEH 5
BEFEIY CpFPPS H: R AE K T i b iy 0K 7 28
Kl 6 LuFPPS1 [ =245k il WVE UER T FPPS JERTEAE il 28 AR W) & ik A2

Fig. 6 Prediction of tertiary structure in LtuFPPS1 protein R E TR
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88
48

63

% Asparagus officinalis (XP 020273463.1)

BN Albuca bracteate (AHAS51120.1)

2% Cymbidium goeringii (AFP19446.1)

82

L

KIEHE & Lilium longiflorum (ADZ57167.1)
WE Ananas comosus (XP 020106184.1)

NREFE Musa acuminate (AAL82595.1)

i'

WAE Elaeis guineensis (XP 010924109.1)

I—
100 82 Phoenix dactylifera (XP 008792798.1)
f&#E Chimonanthus praecox (ACJ38671.1)

99 — JLEREMK Liriodendron tulipifera (MN834118)
100 ——— FREH% Magnolia chapensis (ACS74708.1)

fafft. Nelumbo nucifera (XP 010245026.1)

WL Aquilegia coerulea (PTA42753.1)

94

82

%[5 Macleaya cordata (OVA08278.1)

HIE Astragalus membranaceus (AID51444.1)

89

WEF1E Gardenia jasminoides (AYC62332.1)

55

PR Sesamum indicum (XP 011095887.1)

0.020

KK Carica papaya (XP 021902340.1)

4:@&&% Quercus suber (XP 023927416.1)
39
97 ) 7

WAk Juglans regia (XP 018828040.1)

Kl 7 LwFPPS1 3N it 3 H AR G0k AL i
Fig. 7 LwwFPPS1 gene encoding protein phylogenetic tree

—_
W
1

1
i

R} F3k 2 Relative expression
w

0 — r . . . . -
EER Rl
Root Stem Leaf Flower Sepal Petal Stamen Pistil

bud
ZHH Tissue
8 LzuFPPSI H AR AL S RE Sk 8 4~
4 //\ EP E’J*HXT%‘%LE
Fig. 8 Relative expression of LiuFPPS1 gene

in eight tissues of Liriodendron tulipifera

AT 5% ) AL 56 R 5 A0 % Sk A B d , BT v
B b b 26 38 B WK LewFPPST B AW (E B

2T 43 BT A5 A, LiwFPPS1 B2 ORF &K K

1 056 bp, Mg fi% 351 42 5L W2 , H g i% 85 11 19 77
T 40 589.45 D, ZE P AFERG SR, XS
R % 4 (2019) 75 45 0 5 32 th A2 B 48
(2020) 7£ )~ % 7 ( Pogostemon cablin) H 1Y ifF 5% 45
R—3, HizEA ARG, BAFEKE, )& TS
W, CA TSR Z B0 B 1) FPPS JE N i
Gt ) B AR SR K PE R I (Wang et al.,2010)
HW) FPPS | N K4t , 18 W A 24> FPPS &
HEAL, A48l w7 th A 7E 24> FPPS 25 AL,
Hh FPPS2 L E A T 40 i 5, FPPST PN
P Y 3 57 T AN [ 0 48 8, 6 37 80 5 o7 T 248 i
S T B e A T 2R R AR P ( Cunillrea et al.
1997) ., LwFPPS1 25 EA A Ay 28 55k — 28
15 W& il 1) 45 7 Ldlﬂﬂiﬁﬂﬂzﬂ?ﬁ{ ERal
A R A AT REAL T ZORi R | X '?QJ%*MZIKV\IT
1E FPP M W) 4 ( Cunillrea et al.,2000)

— RN YE B o 25 2R '?%‘*E(Cmnamomum
camphora) ( 7K B% B %5, 2018) | ¥ % K B ( Hedera
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helix) ( BUEE Ik 4, 2016) 446 9 1) FPPS 2 1 15t il
GER—E, WA AL Y R gk ]
U575 43 Bt ¢ B b 36 38 % Mk LiwF PPS1 5 H 4 %
B A5 R B S0 FPPS & 11 1Y 8] 5 AH L2 4
15, TSR B 2 5 v i) 5 T R Ry 2 g T
(IB4:25,2008) , ¥5 sb i Lk PPS1 LR 5 46 36
JE AP B0 A A G, LRI EMCH A =
PHEEMIREY , R B SR AR RS EEHEY,
Wt B [ R ) A AL R SR O R TR,
2K A (2012) BFSR R BIAEY) FPPS HER 3R A
BATALURE %, IF ARl W 2k A & i AR
b It R IR R SR S AT Lewk PPST BE
AL EREHE M Z A LUh B Rk HES AU
A REBEAEZES, BA AL 7 H,
LiuF PPS1 JE R 78 e 8 v 28308 e ey, 76 HL A 20 21
FIR AR FAL, JCILAEAR v 3R 5k i e fIX, AR F
FEAE % B A 2R 38 o At 2% B W e 0 2R A
WYITEAE AR B P 0B B AR AL U B
HYIERAL G Y &S FPPS LN Rk i
WIFEAHSE . Kim et al. (2014) $ A2 FPPS 3N Hy
A FBRE, IR AS RS, LT AS
R FPPS B Rk I 5 i AN S AT = 11
W2 FUKAS (2012) ¥ M5 rp e RS 20 () FPPS
B DR e 2R A B AR v R DR R O R b 26
S DR A A 20 AF (2008 ) A1) FH E Bk Gk
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