PG VEY 4R 2025, 46(4): 807-819
Chinese Journal of Tropical Crops

A& E HSFER R RN ERALETE KLY iR ke
M) oz

R#a wEz', Agd', B2, BEL KA, 2m T

L. PRHE A8 XA B b A M R BF SRR, R T 530007;2. T PRHE AIE XA BRSSP RE T 530007

W E. SR T (heat shock transcription factor, HSF ) J2& 5 2 G815 [N F, FEAE Ym0 =i a2 I E AR
Vo R IR X T T S A T R T B T S, R B ST HSF R UG T T P (0 B LR . ARG A AR MM 2
HAREEFRELEHA FEET 26 M FEFER, 20ldr4 0 PeHSF1~PeHSF26, 4% HSF ZEE 4L HE MK
FEH 100~1589 MR KRR, 4T 11 544.9~177 157.8 g/mol, FHIBZEHL 5K 4.25~10.80, VPG & 3% 26 > HSF HK 431i
AR L. 405,60 7. 8 F1 9 etafk b, 4r 10 MR, VERIESILEHE HIF S ITEE R T, Z2X01G0033270,
ZX01G0052790 i ZX01G0052980 % 5 4~ HSF FEH N THEE BN . PiF& I HSF HEA 1~12 NS 7 2~13 DM
T, #f® HSF-DNA #5545k, FIH RNA-seq sr#7 s RIFAEFD 5 4 5 55 HSF SEFE X &l i, &3
ZX01G0002530, ZX01G0052790 il ZX01G0121040 L5 JEF{E b h Rk it 2 R B3, I RT-qPCR IS IEfEE HSF 3
RIFIRIKT o LA HT, HHE 00 VG 2 32 0 17 /=5 I 38 %) d BRAR 9 68 HSF JL Ry ZX01G0121040, XS5 1A BT T
HSF 7 PG 75 3% i AE 3 g 17 w3 1R e s R v A B, Sk PG 2 S s L 1740 38 1 ol R £ E%ﬁtl’ﬁﬁﬁﬂmﬁﬁ%o
KR ORI, SIEMbNE; SRR T REERE; WAE; BT ik

FESHES: Q945.78; S667.9 XHERPRAERD: A

Genome-wide | dentification of HSF Gene Family and Their Response
to Hot Ambient Temperature During Flower Development in Passion
Fruit (Passiflora edulis)
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1. Biotechnology Research Institute, Guangxi Academy of Agricultural Sciences, Nanning, Guangxi 530007, China; 2. Guangxi
Academy of Agricultural Sciences, Nanning, Guangxi 530007, China

Abstract: Heat shock transcription factor (HSF) is an important regulatory factor that plays a crucial role in plant re-
sponse to hot ambient temperature (HAT). High temperature stress has a serious negative impact on the flowering of
passion fruit, therefore, studying the regulation of heat tolerance by HSF in passion fruit is of great significance. In this
study, we identified 26 HSF genes on the genome of passion fruit using bioinformatics technology, named PeHSF1-
PeHSF26. The genes could encode proteins of 100-1589 amino acids, with molecular weight 11 544.9-177 157.8 g/mol,
and a theoretical isoelectric point of 4.25-10.80. The 26 genes were distributed on chromosomes 1, 4, 5, 6, 7, 8 and 9,
and were divided into 10 subpopulations. The analysis of the whole genome replication event showed that
ZX01G0033270, ZX01G0052790 and ZX01G0052980 were located within the genome duplications. The genes contained
1-12 introns and 2-13 exons, all contained HSF-DNA binding domains. RNA-seq analysis of Huangguo original species
and Jinlingziguo HSF genes to HAT revealed that there were significant differences in the expression levels of genes,
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including ZX01G0002530, ZX01G0052790 and ZX01G0121040 in flower buds. The expression levels of candidate HSF
genes were validated by RT-qPCR. Based on comprehensive analysis, it is supposed that the most ideal candidate HSF
gene for passion flower response to high temperature stress was ZX01G0121040. The results would contribute to under-
stand the function of HSF in response to high temperature stress during the flowering of passion fruit, and provide im-

portant genetic resources and theoretical basis for genetic improvement of passion fruit.

Keywords. passion fruit; hot ambient temperature; heat shock factor; orthologous gene; flowering; RNA sequencing;

candidate gene
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Fig. 1 Structure of mature nodes in passion fruit
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Universal SYBR qPCR Master 7%, Jx I K &
(20 uL): 10 uL Universal SYBR qPCR Master
Mix, 0.5pL EWF5I4, 0.5 uL T4, 1uL

¢cDNA, 8 puL ddH,O. KW &1H 94 CHiAS 1
3 min; 94 CA2:¢ 15 s, 58 CiB:k 15 s, 72 C4E
120s, 40 MR ; W E 3 ANEE UL = PCR
XTI 1,

#1 RT-gPCRE*XERAKEII#WER

Tab. 1

Information of gene and primers using for RT-qPCR

FEIN 4 R EmGIHITFE) (5-3") K GIHTE) (5-3") PR
Gene name Forward primer sequence (5'-3") Reverse primer sequence (5'-3") Product size/bp
EF1 GGCTGAGCGTGAACGTGGTA CGGCACAATCAGCCTGGGAA 146
ZX01G0002530 TGGAACCTCTTCTTCGCAGTC CGTTGTCCTTCTTCAGCCTCT 146
ZX01G0052790 AAGCGGAGATAGGAACGAACAT AGCAGCAGAGAAGAGAAGAAGG 122
ZX01G0121040 ATCAGTGCGATGCGTCAGT TGTCGTAAGTCTTGCTCAGGAA 114
ZX04G0012630 TCCAACACCAACAGCAACAC GTATTCAACTGCCTAACGAAGC 188
ZX05G0014510 GAACTCAAGAATCCATAGCAAGCAT GAAGAGGAGAAGAGCAGTCAAGAA 150
ZX06G0002180 TTGGCAGTGATAGTTGTTGGTT GAGTCCGTGGAAGCATCGT 156
ZX06G0012300 TTAGTGGAAGAAGGTGAAGGTGAA GAAGTTGTTGTGCTTGAAGTATCTG 147
ZX07G0010660 CGCAGGAACTCATCGGTCAA TGGTGTTGGCATGGATCTCTG 179
ZX08G0002060 CATTGCGTTGAAGTTGGAAGGT CCTCGTCATCTGCTGTTGCT 183
2 HEREHH MEGA 7 # 8 KRR, AR C R, 15 26
21 BEHEER 6 WM HSF BEzmm R 1 HSFAEED Iy 10 ML, ORI 5
Y A~ HSF &N, WAFITAUAT 14 HSF ZE (] 2A).

FTF HSF {R5F45 5L ( PF00447 ) 2R TT
(., FIH PfamScan 3476 VE 5 3% . AR ST .
IKAE . Bl BRRFIAE . AR K A A
MF 26, 24, 25, 26, 23, 63 4> (BAfER A JE
BRI 32 A4S, FA%AL B R4 31 4 ). EK 26 14~
VU HSF HF D MTES 1. 4. 5. 6. 7. 8. 9
ek b, HAss 1 L@k 1 r) HSF 5L R4 i
%, N9, M 2 A3 Yetafk b oRYEE H HSF
FLIH, UABH HSF 58 R 78 7Y 35 2 3L R 4 1o A A3
5] PEFE M) 26 4 HSF R K4 K4 3062 bp,
Hrp ZX06G0012300 K & #c/)v, A 1073 bp;
ZX01G0121040 K ek, 12613 bp; 13 4~
HSF Nt 1E Uik b, 13 e k% b (%
2), WKIEVEE 26 > HSF FEH7ERE N4 Az
B, WHATL N PeHSF1~PeHSF26, FH AL 5 43
Mrad B s, 76 5% HSF R 4 i il LR K
9 100~1589, 43 Fi A 11 544.9~177 157.8 g/mol,
TR 25 5 4.25~10.80 (£ 2).

22 WHEER 6 MEYH HSF EE KKK R
MR Gt B

FEFPGREN 26 1~ HSF & LT,

FIH MUSCLE #AFiEAT 42 )5 F X, Fexh 45 S A

J T AR YRR A HSF SRR R, 2T
TS 7 R 213 4> HSF E AT IR bR,
A0 11 ASFRE (& 2B ), ARZ R IX )72
PRI VEY), HIERA R/ N 687 Mb!', fud
32 > HSF [ o BRI A2 — Pl i), 78
K7 38 CU R rTIF e, Nk, T
SEATAC T = ol 437 AL B 1000 74 3% 3% HSF
ST RE

23 FEEEEFEAEFEGESHT

FIFH 26 4~ HSF LA BiE S Fi, 25

BEWHA 4 PRMERNAREX, 5 54 HSF
KA, 4391k ZX01G0033270, ZX01G0052790 .
ZX01G0052980, ZX01G0116590 Fl ZX08G0017710.,
BAMERRE: (15 1 JeEfk [ 37 846 331~37 847
969 bp XTIZE 1 Yefaik | 222 639 747~222 641
414 bp; (ii ) 55 1 Yefafk I 52 338 517~52 340 350
bp X5 1 Yeik [ 52 437 222~52 439 067 bp;

(iii) %5 1 Je Ak | 37 846 331~37 847 969 bp
XTI EE 8 Yefifk | 47 243 875~47 247 554 bp;

(iv) 55 1 Jetafk I 222 639 747~222 641 414 bp
XIS 8 YL ik |- 47 243 875~47 247 554 bp(
3, EBl3),
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Tab. 2 Information of 26 HSF gene family members in passion fruit genome
WHID  EMAK kG Ree  spem  CANE REREE AR Gl
Gene 1D Gene name Chromosome  Start/bp End/bp DNA quber 0 [ Molecular Vylelght/ Isoelgctnc

strand amino acids (g'mol™) point
ZX01G0002530  PeHSF1 1 8125264 8127 385 — 278 30453.2 5.50
ZX01G0031130  PeHSF2 1 36 650915 36 652 352 - 363 40 377.0 8.36
ZX01G0033270  PeHSF3 1 37 846331 37 847 969 - 214 25155.0 10.80
ZX01G0052790  PeHSF4 1 52338517 52340350 231 26 844.2 7.92
ZX01G0052980  PeHSF5 1 52437222 52439067 + 231 26 870.2 8.22
ZX01G0097330  PeHSF6 1 196 488 976 196 493 029 538 60 346.7 4.43
ZX01G0116590 PeHSF7 1 222 639 747 222 641 414 - 337 38 773.4 5.84
ZX01G0121040  PeHSF8 1 226 501 965 226 514 578 + 1589 177 157.8 7.64
ZX01G0125220  PeHSF9 1 232190295 232193 763 + 378 41 574.7 4.25
ZX04G0001060  PeHSF10 4 2286217 2288 157 - 315 35432.8 5.52
ZX04G0002290  PeHSF11 4 4010975 4016322 + 866 95 458.4 5.24
ZX04G0003200  PeHSF12 4 4837417 4 840 450 - 450 50 342.3 4.50
ZX04G0012630  PeHSF13 4 40 722 041 40 725 557 100 11 544.9 9.55
ZX04G0030270  PeHSF14 4 111116250 111118797 359 41 637.4 4.68
ZX05G0014510 PeHSF15 5 98957274 98960 197 - 291 31652.7 6.30
ZX05G0014520 PeHSF16 5 98984937 98991 511 — 637 70 341.3 6.22
ZX06G0002180  PeHSF17 6 10474 728 10478 166 — 401 45 808.5 4.74
ZX06G0012300 PeHSF18 6 67773172 67 774 245 + 215 25 004.7 9.83
ZX06G0026630  PeHSF19 6 110 588 691 110591 996 274 31 588.4 8.46
ZX07G0010660  PeHSF20 7 76909 182 76910 613 + 394 43 079.7 6.52
ZX08G0002060  PeHSF21 8 9063 848 9 066 494 + 359 41 530.3 4.77
ZX08G0009900  PeHSF22 8 35548 388 35550721 + 375 42371.8 5.27
ZX08G0013320 PeHSF23 8 41453911 41455248 + 341 38 597.1 9.94
ZX08G0017710  PeHSF24 8 47243 875 47 247 554 — 394 44 973.4 5.38
ZX08G0024160  PeHSF25 8 53331981 53334283 + 484 54 373.6 5.11
ZX09G0006470  PeHSF26 9 32699617 32701 137 - 318 355923 6.80

A B

ZX05G0014520

7X01G00025%0

G002663,

0659110D10XZ
30270

ZX04Goo3

-

A: VG HSF RGUHAR; B: VWHEME. MIT. KR Bl SORSEHAE . AREREKRE HSF REHM
A: Phylogenetic tree of HSF in passion fruit; B: Phylogenetic trees of HSF in Passiflora edulis, Arabidopsis thaliana, Oryza sativa, Solanum
lycopersicum, Jasminum sambac, Manihot esculenta and Zea mays.

2 BAEES 6 NMYWME HSF Rt AR

Fig. 2 Phylogenetic tree of HSF in passion fruit and six species
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Tab. 3  Distribution of passion fruit HSF gene in duplicate regions

= T 1 Duplication 1 & 2 Duplication 2

=X

Duplicate  Z A o7 e POIGRIN A SEH

region  Chromosome Position/bp Gene Chromosome Position/bp Gene
1 Chrl 37 846 331~37 847 969 ZX01G0033270 Chrl 222 639 747~222 641 414 ZX01G0116590
2 Chrl 52 338 517~52 340 350 ZX01G0052790 Chrl 52 437 222~52 439 067 ZX01G0052980
3 Chrl 37 846 331~37 847 969 ZX01G0033270 Chr8 47 243 875~47 247 554 ZX08G0017710
4 Chrl 222 639 747~222 641 414 ZX01G0116590 Chr8 47 243 875~47 247 554 ZX08G0017710

Chr4

(028 2 F HSF 3 [H 28 4k X Jsk
The orange lines represent the collinearity region of the HSF gene.

B3 WEEHSF EEMHEN
Fig. 3 Collinearity of HSF gene in passion fruit
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Ab Sy ST AE 3G (R 26 D7 i 7S A i F (BE A2
110 A4 ), RS POFEL T 2 Yol (4 55
A HIF 1 WGD-1 1 WGD-2 (& 4 ),

1.00

0.75
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Fig. 4
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WGD events and Ks density of passion fruit
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ZX08G0002060 —1
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Exon — Intron ®® HSF DNA-bind PPR mm PPR1 mm PPR2

RCC reductase M SNARE mm SurE mm Syntaxin 2
5 WEEHSFEREHRESE

Fig. 5 Gene structure and clustering of HSF in passion fruit

A EBER (ZG), HHIER; B: BRFEERM (HG), HHWF; C: ERSGERBFUEMERFRN LE . trR=1cm,
A: Ziguo (ZG), normal flower buds; B: Huangguo (HG), abnormal flower buds; C: Comparison of flower buds between
Ziguo and Huangguo. Scale bars=1 cm.

E6 BRENMINEFESERERMERREMBEN I

Fig. 6 Effect of flower development in passion fruit under hot ambient temperature
PR AL B 5 R AR 1Y 24 ASFES DT, MFAL 620 631 463 bp, M FFHREE IEAH 2 7E 99.9% (Qs0)
$i T i S A A0 K (clean reads ) 0k 41725 DL R RBREE 5 BIE0 T 43 Ll 92.34%~93.70%
898~52 997 150 2%, AZABHIELH 6 058 511 181~7 (B 1),
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Fig. 7 Principal component analysis of 24 samples during
flowering of passion fruit
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Fig. 8 DEGs of 24 samples during flowering of passion fruit
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Tab. 4 Expression levels and differences of 12 HSF genes in passion fruit
F2ikIKF (TPM ) Expression level (TPM)

FEH H . & E e
(J};InL Tilisue Bl AR HORIBUER Log:FC P adjust Sigllll/ifcraince ng%f;ii)ﬁn
Jinlingziguo ~ Huangguo original species
ZX05G0014520  =£ff 3.337 1.883 0.900 0.005 no up
s 5.073 23.683 -1.900 7.53E-10 yes down
e 8.977 4.117 1.272 0.094 no up
B 5.807 3.347 0.801 0.166 no up
ZX08G0002060  =£ff 0.030 0.010 1.528 1.000 no up
1w 0.133 0.207 -0.355 0.787 no down
iy 0.107 0.040 1.537 0.811 no up
B 0.117 0.080 0.603 0.865 no up
ZX08G0024160  z£fF 7.110 6.940 0.107 0.821 no up
Vix 6.607 9.343 —0.198 0.571 no down
iy 5.343 5.843 0.015 0.994 no up
B 8.200 8.683 ~0.046 0.943 no down
ZX01G0002530  =z£ff 3.517 2.190 0.726 0.463 no up
i 8.783 37.660 -1.751 0.014 yes down
mh 2.887 1.657 0.936 0.092 no up
B 22.533 15.807 0.516 0.627 no up
ZX07G0010660  =£#f 3.333 4397 -0.282 0.642 no down
iR 3.870 10.893 -1.269 1.80E-05 yes down
Ly 2.693 3.880 -0.218 0.855 no down
B 6.623 9.480 —0.466 0.324 no down
ZX01G0121040  =£#f 56.827 82.173 ~0.443 0.011 no down
1w 46.123 116.893 -1.028 1.17E-11 yes down
Ly 45.007 97.533 —0.879 5.10E-10 no down
B 78.453 133.823 -0.728 0.018 no down
ZX04G0012630  =£ff 2.033 1.627 0.388 0.498 no up
i 2.097 5.103 -0.982 0.005 no down
Ly 2.030 2.687 —0.268 0.824 no down
B 2.960 3.217 -0.072 0.945 no down
ZX06G0002180  =£ff 5.277 5.577 0.047 0.939 no up
1w 5.570 16.490 -1.314 3.84E-05 yes down
iy 6.967 7.087 0.126 0.941 no up
B 6.140 7.933 -0.267 0.744 no down
ZX01G0052790 = 0.033 0.230 -2.801 0.343 no down
i 0.110 3.650 —4.673 3.89E-07 yes down
Ly 0.000 0.123 -3.610 1.000 no down
B 0.217 0.923 -1.988 0.238 no down
ZX05G0014510  2&ff 0.060 0.737 -3.620 0.010 yes down
i 0.133 22.727 ~7.128 1.95E-33 yes down
Ly 0.017 0.507 —4.843 0.026 yes down
B 0.207 1.967 -3.036 0.042 yes down
ZX01G0052980  Z£FF 0.113 0.000 3.688 1.000 no up
iR 0.683 0.000 6.377 0.001 yes up
M A 0.000 0.000 0.000 1.000 no test no test
B 0.483 0.000 5.555 0.011 yes up
ZX06G0012300 =247 0.073 0.040 0.892 1.000 no up
iR 0.593 0.080 3.109 0.128 no up
Ly 0.073 0.040 0.934 1.000 no up
B 0.423 0.047 3.211 0.325 no up

H: P adjust ZR NG PE; no RANARZE, yes FonBE; up F/RIEWEE, down F/ARHMIMIE, no test FrR R FAIM KL
HARAK

Note: P adjust represents the adjusted P value; no represents non-significance, yes represents significance; up represents positive regu-
lation, down represents negative regulation, no test shows no expression or extremely low expression level.
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Fig. 9 Expression patterns and clustering of HSF genes in passion fruit
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21 NF1 25 4~ HSF K, YANG ZUS7E %K
( Solanum lycopersicum) H1 %5 ) 26 4~ HSF S
o A, FERIREIT . KRRt SE R 4 rh 4y
BISEER] 24, 25, 26 4> HSF 4, 5 GUO %!
YE IR HSF B A 25 . YU 20y
T 111 FAEY HSF I R 5o 1%, Kb iR
TP & 24 4 HSF N, X 5AMF 545 R
—2(, ¥ Ensembl Plants 4 PR AIME B,
KFE . BIRGIF AR AL ALK /N Bk 373.8,
119.7, 827.4 Mb. 5K F i 3k PR 41 K/ VRS R IT
) 6.9 %, HEATHY HSF R BRI 2 2 14,
X % B HSF i R AT B 76 4l 40 7 i T A 45 vh Dy fig
R5Fo B, fE4KAE . SR JT A& i Y HSF 3
DIy, #0075 2 3% HSF 2L REA .

TEM R I, R SR I 7 K HsfAla
( At4gL7750 ) M7 FAHA Y 5 B R L1l
AR ST, HE b B 4 B 2 SR 2R B VY P GE
ZX01G0121040 5 HsfAla sE4 X &4, BT
FEIV, BEAk, %W #EA LRG0 T HoAMh 4 4~ HSF
L, 4354 Atlg67970. At1g32330. At3g02990
1 At5g16820, At1932330( HSFALd ) il At5g16820
(HSFAlb) J& T HSFAls WK%, BN IT
PUE i T A5 19U, T AT3G02990( HSFALe)
1 25 = O A N 7N A N | A/
LOC_0s03g12370( OsHsfA9 ) Fll LOC_0s03g63750
( OsHsfAla) L)@ TALHEIV, FEZKAS Hpra mf 2
A RS

A TVRIPGTRIEL T 3 KA HE N2 2 =k,
% 5 ZHENG 2R Fe 45 —5, 7e78 A
U, B 5 A4 HSF A FHEPR 4 8 il Ca, Hodp
ZX01G0033270. ZX01G0116590 i ZX08G0017710
RAREWHEL, WAEIIS A MR IF HSF JEH .
At3g51910 ( HSFA7a ), At3g63350 ( HSFA7b ) il
At3g22830, 57 NAC019 254 HSFALD,
HSFA6Bb . HSFA7a 1 HSFC1 Y5 8 11 35 5% 1
BT R HSFATL 5 i W s o7 b 24
A= )6 BURME SA% ok i 2800 00 A H U iR
ALY sk, T REIA AL 5 KRG HSF 5L
LOC_0s03g58160 . LOC_0s07g08140 . LOC_
0s03g53320., LOC_0s03g53340. LOC_0s10g28340
LOC_0s03g06630 ( HTG3), H:#" HTG3 i@ i 5
JAZ 2 5KREH T #rkEP, ZX01G0052790 #il
ZX01G0052980 I 7E—ite, J& TWAEXL, iz WA
L&A 2 MR IR . At2g41690 (HSFB3) il

At4g36990 ( HsfB1). #F5KH, RCF3 IEH4%
HSFAle, HSFA3, HSFA9, HSFB3 fil DREB2C )3
KB R I IO BERY B4R HSIBL A HsfB2b
i HsfA2. HsfA7a. HsfB1 il HsfB2b %k, {H
2 TE 4 0L I A TR A4

FIFH RNA-seq 7r#1 &84 12 4~ HSF JEH7E
FIRFUEMA SR ERIEE R EEF B,
bR 2B ZX01G0121040 S5#IF§ IS¢ HsfAla
B EG C RN, HsfAla iE a1,
ZX01G0002530, ZX01G0052790, ZX01G0052980,
ZX05G0014510 F1 ZX05G0014520 & T WAL XI, H.
ZX01G0052790 Fi1 ZX05G0014510 & ik # = AHAL .
HHR ZX01G0052790 A1 ZX01G0052980 kX 751
BN, (E R EAT7E VY 35 22 6785 1 1 g L s
Hy 2k EHEa PR Iz . HSFB3 il HsfBL {37 T3V A X1
P, 5 LRI T AGTR PP AR 51224 ZX04G0012630
ZX06G0002180 F11 ZX08G0024160 J& T WAL VI, 1%
W RE Atdg18870 2 51 ¥ Ul i I+ A Tt )
1RGP |, ZX06G0002180 5 At4gl18870
M3E S5 R . ZX07G0010660 J& T IV X, [F
JEIE P At4g11660 ( HsfB2b ) 1 J445 #8L Fg I 114 T #4
PER4 ZX08G0002060 J& T #EIV, HifR Y5 5L A
At3922830( HSFAGb )5 55 ABA 4~ (i #1201
H—FURIE R HSFATA FIE2 5 THRIE S5 & i
OB VAN

AWFgE &P, 76 3 % HSF 2R T & F DNA
LR EER AN, ZX01G0121040 A4 &4 PPR,
Syntaxin 2 1 SNARE Z¢5444,, PPR ( pentatr-
icopeptide repeat) J&— =R IKE L H T,
J& FHY) R KRGS E A ZK . PPR HHS
SRR K S T R R a0 R8P0, Qa-SNARE
T RAEFL SR h BRI, A4 R ARl
HH (syntaxin), HESHEYELER LT . YiH
AR A By i Pl 5 A0 BeAh,
ZX05G0014520 it 4 RCCR 45#44, RCCR &
AL 2 25 R AR 7 (10 T Bl Y X e
FLAERFW], Vi E HSF 3Nl GE7E i A4 K &
BT i E i B R ) hE

4 Eig

o U 3 S P S Y AR, A T
FRE DR J2 B 1 W 7 22 3 o7 A i Y B 1) — A RO
%o TEAMEY, RANTEVHRELFNATEE T
26 > HSF 3& [, Ff43 4 T HSF B A FRAb T
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