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ABA 5 LL K 30t W 38w Ny O AR AR R .
T A5 H 4R, K CBF JEF KRR G O£
ASHE W Wb B )2 B R O UE S5 2 5 AR AR R
W N, 1. /NFE (Triticum aestivum )™ | 7l 3¢
(Brassica rapa Yool 3 B (Malus domesti-
ca)'" K (Camellia sinensis)"* ' | H 2= (Rosa
chinensis)!"" 4 . SR A I CBF A % 1)
WF 5 B A5 4100

K8 (Punica granatum L.) EIF T H T H
XLz 292 gGI AR E LA T A 2 000 Z4F
RHE Dy, RS AN SEL | BRI, K
AR SRR AL T 2R BRI ) L B A T A
PRAgFTEE A, AR AL R %30, 3
BA WM 228 90w e AR gk k. A il
BN R (R = DR O N (E PSR = U 8
FE AP E AL 7 KB i A R R R X AR AR
BAR A IR AR R R R E R FERR A
1 By 7388 ) S0 R D AR ) o D¢ R JE i A
FEA AR R AR R 0 BORF 2R 91t A it 5 1 B 2% L N R
TAOLR AN {HH BT A R PUIEEEE
LA PR A I A AR AR AR BR BN [ A R
N (Y S & T R N <3 i S~ 11 4 R
% J $r 7 e DR 2 % AL 1) B B R R i SO B TR 2
FE R e, it — 0 RGTT AR o> T E
Y2 R s A% IR BEE T RS AR
WA A S R A P A 2 5 21 7 4> CBF 26 Kk
WY T AW AE B 5 T AR PgCBFs B K K
DY R TR OR SF Y 9 G 6 A E B AL P B L
KRR ST/ NE T EAR RS =R
Skl FERME SR GO R A 3 R ] oo
AR IA R AE Ir AT 275 20 i, itk — 20 R
KA CBE Z 5 48 K 2 R 42 1 2 2% A BB A4 .

1 #MRE5TE

1.1 REHRE e

ok Je Wi Bk A 8 (Punica granatum 1.
“Tunisia”) FF 4 5 FpAE T ik 6 T K 22 e 28 52 50
B =N R EESIAE 26 °C A4HREN
60 % ~70% DOGIRET A2 R 14 h, & A 10 h, 4%
FRE T e ok A BBk A Mg (IR FL LG
3:1:2) ARMRAEHATR: 5 dPeK 1 RALH
B4 5 R 28 em 5 30 em BB AE A AT AR
P ARk 3 kLB 5 Ao 1 WEE . WK R
W) AR 2 i 38 A K e HR A — 3k, Jo

E it Ak B ISR A7 4R )y e 5 o R A 3 () TR
Ve AR b AL R EE S — 4 °C L AR BIE AL B 0.1,
3.6.12.24 h WAE A WA ERAN 1 a A KA H B
o BEASRE A I ] SO BE 3 AL A
WA G TR A AL BT A A T — 80 CARIR UK
LR

1.2 A CBF EERKMREE

A A 5 A BodE T 4 A NCBI Chttps://
www. ncbi. nlm. nih. gov/genome/? term = Pu-
nica-t+ granatum) ", L 7 IF A1 7K 5 5L K 21 B diE
43 5 3k JE F TAIR Chttp://www. arabidopsis.
org) Ml RGAP Chttp://rice. uga. edu/), i 7
ML IF (Arabidopsis thaliana ) #1 10 4> 7K 75
(Oryza sativa)CBF & H /3 5 i@ i A< #b Blast %]
AU E A CBF g 2 I (E<T1. 00E ). 1k
Pfam %04 % Chttp://pfam. xfam. org/) T 3§
AP2 5B (PF00847) Ff ¥ 3CF . i i HMMER
3.1 B SERE B AP2 25 44 38 ) o Bk 3 IR R
M5 (E<<1.00E "), #£H Blast 5§ HMMER #f
[F] f % K& X 2 1 )% 81, Al T SMART Chttp://
smart. emblheidelberg. de) % 45 & A1 ClustalW2
(https://www. ebi. ac. uk/Tools/msa/clusta-
lo/) 43 i ik PgCBEs 4 H B & ~F 4514 5 5 CBF
BE R R FRAE F 9 L 0 E A1 M CBE 4k PR i
R,

L4 i A 20 7 R SO L 38 5 TBtools A4 %
PgCBF K& DX 52 16 i 03 i AT e €0 44 5 i 4 &1
IR G g 6 1K € 2 5 B X5 PgCBF i) bt i 44 .
PgCBF # P K 1% i 51 mRNA I CDS £ ¥ %
H T A B . T ExPasy 7848 M o
(http://www. expasy. org/tools/) 5 ¥1 4% 1% 51 iy
BEEBKE o F MR . UL T
H. BUSCA (http://busca. biocomp. unibo. it/) X}
7~ PgCBF 51 40 i 5 A3 4647 B
1.3 R Riag

Fr At 7 > PgCBE K& PH 0% mL 51 b W B 4
FIT(A. thaliana) .JKFE (O. sativa) . K& (Gly-
cine max ). 3 i (Solanum [ycopersicum ) . Bk
(Prunus persica) SEH (M. domestica) Pk e 55 H
(C.sinensis) % 7 WA Y 49 4~ CBF £ H 5K 5
FIEF ¥ P, it MEGA X M ket . 3%
FE AN I AR AUE A JTT + G 8y
Bl B KA 4k 2 (Maximum Likelihood meth-
od, ML) ,Bootstrap & & N 1 000 EXE ,
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1.4 AW PeCBF EFEEM RTFEFMNEBR
—RREFEMTW

WG 7 AR GFF3 S, #2550 4~ CBF
FEH Z A R P 91 S N E TR R
TR B K E S5 R R . it Motif Elic-
itation Chttp://meme-suite. org/tools/meme) 43
Hr CBF K& PR 525 1l G 0 P < 3 P 28 Y L 18 8 S5
# MEME #t#& & 10 4, F]H TBtools T. B %
CBF 5 K 52 1 22 40 A A 5 [ 45 44) R OR <F 255 P
HEATATAAES . 2 HIAH NPS@ . SOPMA (ht-
tps://www. predictprotein. org/signin) fl Ex-
PaSy Swiss-Model Chttp://swissmodel. expasy.
org) Tl PgCBF K& DA 5 5 il 03 4 1 ot — 0l =
e IR
1.5 CBFEEZRKHRALLES T

SR (M. domestica) FABE (P. persica) %
HE W T 2 B GDR Chttps://www. rosaceae.
org/). il MCScanX # A X1 4 A~ %y iy 5 (K]
T H) AT XS AR EATHY CBE PR % 4k £
P AR TBrools 2l Hk R IE MR LR,
1.6 PgCBF EEZEKEM R GO EBS

A F 50 B0 LX) 2l Swiss-Prot £
35 )% . M AT TBrools #E4T 8 H ¥ 51 GO I 73
B,
1.7 A% PgCBFs E E R KB 3 F X IR £ A
TS

ffi H TBtools 42 Bt PgCBF % M 5 % 45 i A

IR T (ATP) L 2 000 bp Y 8 3 7 51 /F
I B F X 5, Fl H plantCARE Chttp://bioin-
formatics. psb. ugent. be/webtools/plantcare/ht-
ml/) # A7 = AE e 4 43 #r . 383 TBtools 1)
A AR PR S I A T o T 2 R
1.8 A8 PgCBFs EEKEHERRIESW

G N EBCA AR (R AR Rl R AR R
TR B s SRR 43 B 40 B8 PgCBF ik A K TG AE A
A Ry RIXB K, AR A B 8 A
NCBI SRA %4 % (No. SRP100581) ™, T #k 3k
B S5 L ff B TBtools # 5% 4 504 43 1 2 51
IR, FastQC #4775 ¥, Ml Trimmomatic
W4k, ] Kallisto %58 PR 3 35 40 B, 38 3
TBtools % il 3 PR & 1k $h & 21
1.9 RNA REX5 A PgCBFs Rk o

i RNA #2501 & (TIANGEN, China)
P& IBCAT AR AR IR 2% 1) R 3 A RNA, 25 B ik [H 4
DNA J5 , & 1 cDNA, 3 i} DEPC /K B¢ 10 %
FI#8 qRT-PCR #itz, QRT-PCR i H 20 pL &
MR Z AL 1 L cDNA #itk 0.5 pL FFIFiF
519,10 pL. SYBR MR # (chamQ SYBR gqPCR
Master Mix, Vazyme, China) Ll & 8 pl. DEPC
K. i/ ABI 7300 #5417 qRT-PCR JZ Jf » % 22 2
J¥4:95 °C 5 min WAEHE;95 C 55,60 C 35 s,
40 M, R FRIL M PgActin fE NS
FE G 27T Pk A A R R R AR
FAE LI E R LR 1,

£ 1 AW PeCBF £E qRT-PCR 514
Table 1 Primers used for qPCR assay of PgCBF genes in pomegranate

LA P ID E S HFE G630 B 151 9% 51 (5'—=>3") KB /bp

Gene Gene 1D Forward primer sequence Reverse primer sequence Size
PgActin GU376750 GATTCTGGTGATGGTGTGAG GACAATTTCCCGTTCAGCAG 168
PgCBF1 XM_031545436.1 CGAGCCTGCCGAAACAC TCCGCCTGCCTCAACTT 116
PgCBF2 XM_031545446.1 TGTTCCGACGCCGCACT GCACGCCTTACCGATACCA 129
PgCBF3 XM_031545424.1 GGCCTGCCGAAACACTT TCCGCCTGCCTCAACTT 114
PgCBF1 XM_031539966.1 GAGCCAGATGCGGGATT GCGAGTGGTGTTCAAGGAG 115
PgCBF5 XM_031519246.1 CGGATGCCTTGTCTCCTTGA TCCACATTTCCCGACTCCTG 120
PgCBF6 XM_031534851.1 TGCTTCTCGCTTCGTGGG GGCGTGCCTCAACTTTGC 125
PgCBF7 XM_031534105.1 GGCTCGCTTCTTTGGGTT CTCTTATGGATCGCCGTTAT 109

2 XG5

2.1 ABCBFEERKRRLEESREBEREM
ST
M 17 AU T MUK R CBE # H 751 i

Blast DA & HMM ¥, 2B T4 T 9 5, 76 1

B 4 % E B 7 A CBF 5 356 355 B 4 R L
Wit ZFEH R (B 1), 7 A PgCBF i 5 5 5
JFFIUKFE CBF 3 B K B 25 L, B AP2 4544
WA AL 2 MR SFE R Y 5] (PKK/RP-
AGRxKFxETRHP #il DSAWR) ., 4> %I {; T AP2
SER IR R iR, WK B 7 A PeCBFs N A4 1
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CBF J& X % A

4G PgCBF J PR 58 5 A IR A e €6 0 A 8 A
KB e 4 4 PeCBF1 ~ PgCBF7 (] 2-A) .,
ASEG A AR 2 40 B iR 1, PgCBFI ~

PgCBF5 S fAE 1 S AR T3, e —
FIE B HE N #% (K 2-B) . PgCBF6 1 PgCBE7 4y
BT 4 S YL R AT ER .

10 8 90 100 110 120 w1 150 160 17 180 190
0sCBFS 1 NEKNTTA- AL ICBA- SASLNFADSAWLLH- VFRAPVASGHDOLPDVORAKSEAVAEFOR - -RGSTAATATATSGDAAST 156
OsCBH 1 MEKNTAA- I ALCG SASLNFADSNNLLH VFRAPVVSGLRPPA ARCATRCLOGHRRVPAPGRGSTATATATSGDAAST151
{oneese LGTF. ALRGR- AACLE - - ALAGARGVRDAVAVAVEAFQROSAAPSS- - < -+« v v venen
OsCBFﬂ‘ 1 MDMAGHE - v LOTY ALRGG- ARCLNF ODSAWLLA- SDLAGVRRMTEAVAGFLORNKTTNGASVAEAHD ~EATSG 155
0sC8F4 1 - -MCGIK- i oo L AMLA | NGG- ACCLNFADSANLLA- VRTLADVRHAVAEAVEUFFRRRLADDALSATSSS ----- STT 156
0sCBF8 1 - - MCTSK- LEE ITGEWPPPALQAAST | L AMLAL HR‘A-A:ACLNFADSMLLA- 67
QUCBRS | ==omnenemmassminn omsnsiansionenanesnanaasd] MEYYEQEEYATV AGRTKFRETRHPV 4 RINLGTF ATAE ALRGR- GACLNFADSARLLR- V0! LATPODIRRAA I ELAESCPHDAAAAARS - SSMAVE --ASA 140
OSCBF! 1 NEWAYYG- S6YSS- SGTFSP VGGDGD- - EDSYMT TRHPVYK( HOK - ORIWLGT RGR- ARCLNF ADSPRRLR - A- GHEE |RRAAVEAAE LERPAPGOHNAAAE AARAVA- - - AQA 156
0SCBF3 1 NDVSAAL- $SDYS-§ TRHP 4 RIWLOT AL RGR-A‘;CLNFADSPRRLR- d A- SHOD RRAAAEAAE ARRPPPOESNAATEVAAAA- - - - SOA 159
++-DTSSASS: - - - - SSVS PPSSP- - - GBGHHHRLS RETRHI RIWLOTYPTPEMAARAHDVAA | ALRGERGAELNFPDSPS TLP - - ASPED IRLAAACRAE LYRRPPPP LALPEI - -PQEG 148
== MDVF-SSLSD- - - -PNS- ONEAE VLI I I1WLG AL P - ADPKDIRKAAADAAEAFRPUEASDGAL - SSEEMGNE 163
== MNPFYSTFPDSFLSISD- - -PKLS RETRHP | i RIWLGTFPTVEMAARAHDVAALALRGR- SACLNFADSANRLR- - TCPKE | OKAASEAAMAF ONE TTTEGSKTA- - AEAEEAAGEG 160
-~ MNSF - SAF SEM- - FGSD- PTLI TRHP | ! TRIWL( ALRGR- SACLNFADSANRLR- - TCAKD|QKAAAEAALAFQDENCDATT- DH- GFOMEETL- - - 154
-+ MNSF - SAFSEM- - FGSD- PTLA! TRHP/ I ! TRIWL ALRGR- SACLNFADSANRLR- - TCAKD | QKAAAEAALAF ODE TCOTTTTNH- GLOMEET! 2
-~ MNSF- SAFSEM- - FGSD- 66DYS- - - - PKLATSCPKKP AGRKKFRETRHPI RERNKK- TRIWLGT AA | ALRGR- SACLNFADSANRLR - | Pt TCAKEWQKAMEMLNFODEMCHMTTDAH GLOMEETL- - - 155
- TE |G- LOSKAGSEETYLLA! TRHPV iN--GK~SELWLw AVLALRGR- SACLNFADSANRLP - KHEEAVSDA 149
BF3 1 +§- - TE| G- LOSKAGSEETYLLA! TRHPV RN- - GK- SRUNLOTYL. ALRGP - SACLNFADSARRLP - | P EHEEAVSDA 149
@ PyCBFS 1 NDIAYVC: YT \KLAE SPSPSELCTRPVVHSDEEVVLL) TRHPV RERNKR- TRIWLGT GALALRGK - RACLNFADSANRLO- ~SEMDLRRVAL TADGEEQVRE 160
874 1 W ETRHPV REQAKQ- SRIWLGT ALRSL - SACLNF ADSAWRLP - - El 137
- EEHNL ETRHPV REPAKQ- SRIWLGT ALRGR- SACLNFADSAWLLP - - TO0F El 6 154
EEHLL TRHPV REPAKQ- SRIWLC ALRG: <SACLNFADSMLP- - TDPADIRRTAAEAANAFRPOKLEDAPGDGADAGNEEEEAAG 174
~MEN-DDIT FKETRHP | RVILGT ALRGR- SACLNF SDSANRLP - - TDPDT IRRTAAEAAEHFRPPEFSTGI TVLPSASEFDT - - - 134
ADREBIF 1 - ~WNN-0D1 1L/ TRHPV RRIWLGT ALRGR- SACLNFADSANRLP - - NDPDV IRRVAAEAAENFRP VOLESG | TVLPCAGDDVOLGFG 138
PKKPAGRXKFXETRHF AP2 domain DSAWR
200 10 m 2 o 50 20 m 280 20
OsCBFE5T APPSSSPVLSPNODNAS SASTFAVMAI YFASLACGLE - GF! .
OSCBF754 APPSAP - VLSAKQCEF [+« + v ovvvvveecFLSe oo e SLOC- - -WMLM- SKL RK
0SCBAI3Y - - - -PAET- - FANDGOEEEDNKOVLPVA- - LDOGF YASL
QSCBF1057 VS - APPPL- - ANNAGSSETPGPSS | DGTADTAAGAALOMFE - LD- - - FFGENDYDTYYASL
0sCBF457 PS- TP-RT- - DDDEES- - AATDGDESSSPASOLAFE- LD- - - VLSONGADLYYASL
0sCBF8G8 TS- EP- SA- - ASDDDA- VTSSSSTTDADEEASPFE LD- - - VVSDNGASLYYASL

0sCBF341 AA- APAMMMQYQDDMA- PSSYDYAYYG- - - - NHDFDQ- - PSYYYDGHG
0SCBF159 TA- ASAEL- - ~ ADFPCYP- - MDGLEFEM- - QGYL- -
« ASHPYYEVMDDGLDLGM- - QGYL- -
- GATATSGRPAAVF - - VDEDAI - - - DMPGL
KEVVSSVVEER-§5 | SON- - DEKASAF - - - SHPE LLADHAAE!
R- EGERRAEEQ- NGGVF Y- - MDDEALL- - - GMPNFF -
VEAIYTAEQ- SENAF Y- - MHDEAMF - - - EMPSLLANMj - DODVSLWSY-
VEAIYTPEQ- SEGAFY- - MDEETMF - - - GMPTLLONMj LPRP: - GDVSLWSY -
AICBF256 - VEAIYTPEQ- SQDAFY- - MDEEAML- - - GMSSLLONM LPSPSV-Q JMWNFDVEGD» - DDVSLWSY -
@ PyCBF150 ESSSGSADL- RA- - - EEDRHTMA- - NERSPENGGAGCRY Y+ - LDEEAIF - - - SLPGLLVOMAEGLHUVAPPP | VLEESSNHADG - - W
@ PyCBFI50 ESSSGSADL- RA- - - EEDRHTMA- NERLPENGGAGCSW LDDEAIF- - - SLPGLLVOMAEGLMVAPPP | VLEESSNHADG- - ™"
BF881 TITVSSOSL- FSSCPEVOVTTLPE IR] -6 0L L TINADCYDA- -EVHDVDI TLWSYST* -
BFI38 - -»OGSEEVVDAIPSSSWAG D - GTWOMEGALEGPLLSPP - --PEPDIEVSLWSFS|*-
QGSEEV DA IPSSSWAG- D GTWOMEGNLEGPLLSPP) /RAEE- - PEPDIEVSLWSFS | *-
IGSEGVVDA I PSSFGAG- GTWOMEGNLEGP LLSPRHGPGSGV- - - OVGAEE - - PEPDAEVSLWSFS | *-
<<<<<<<<<<<<< -DE GVAGNMIRLAE PPRSY IOM- - NTSVYVOE- - ENCYEDLSLWSY.- - - -
- -RNSSSYGFG-D- - - - YE- - - - - -EVSTTMMRLAEGP LMSPE TNVYTEE- - EMCYEDMSLWSYRY - -

3]

1

WA KFE. A CBF RIREEEBRZ F 5Lt

Fig. 1 Multiple alignment of CBF protein from A. thaliana ,O. sativa and P. granatum
A [ 2 B [ =
H
§ gCBF6 - gCBF1
= gCBF2
2 3
2 )
« o 2 gCBF3
=
- ® gCBF4
< gCBF5
2 £
L= o o
£ L5
3
7§ ——PgCBF7
|2
2
2
8

A. PgCBF1 ~PgCBF7 Yt {k 53 ii s B. PgCBFI1 ~PgCBF5 fE4e i id 1 [ 1443 Ai 7 & &
A. Distribution of PgCBFI — PgCBF7 in chromosome; B. Schematic representation of P¢CBFI — PgCBE5 located in Chr01
B2 AWBTHCBFERREESH
Fig. 2 Distribution of seven CBF genes in pomegranate chromosome

2.2 A CBF EEREMK R FFI LRSS —HLEAFE S T B (MW) K/, PeCBE7

mE 2 FioR, Bk PgCBFI Fl PgCBF3 A, H HEATHARL. 7 A WA BB S H A (pD 2 4. 89~
4% 54 PgCBF mRNA R Bt K/N& AR L K JE 5. 60 ; 720 if & o T 5 5% sg PR 2 11 B0 RE E AL
294 1 119 ~2 763 bp, PgCBFI, PgCBF3 Hl —HL BTN .
PgCBF5 #fi X (714 bp) FIZK [ 5 (238 aa) K JE
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Table 2  Analysis of physical and chemical properties of family members of PgCBF gene family
. . mRNA KJE/bp CDS Kt /by EOKHE /0 EASTE /A Bt FARED
Gene Gene 1D mRNA length  CDS length Pfégtetll? M?rlleacslilar %;j‘ lsil;fiezliila;
g p o o
PgCBF1 XM_031545436. 1 995 714 238 25.89 5. 60 Nucleus
PgCBF2 XM_031545446. 1 1698 654 218 23.79 4.89 Nucleus
PgCBF3 XM_031545424. 1 995 714 238 25.71 5.23 Nucleus
PgCBF4 XM_031539966. 1 2763 603 201 21.69 5. 30 Nucleus
PgCBF5 XM_031519246. 1 1497 714 238 25.85 4.92 Nucleus
PgCBF6 XM_031534851. 1 1119 801 267 29.81 5.58 Nucleus
PgCBF7 XM_031534105. 1 1140 699 233 25.47 5.09 Nucleus

2.3 CBF EREREHARKHE

i FA R A5 8 ARl 56 4> CBF Jk P K 1%
LRy 5 kg i HE AR . o CBF 3 B % 5 0
A A AL 9.8.19 A 20 B (K 3) .
K BR OsCBF2 4, HoAl 9 A WL 51 4 3 A0 T
Group [, W Group I A9 CBF il 51 76 2o 11t
A T BE A R AR Y 5 A B 5 45 2R

GmCBF9

GmMCBF5- 100

CsCBF3—66

—F, WM IT 6 A A F Group I ATV
w2 PgCBF2 . PgCBF1 ~ PgCBF6 5 At-

DREBIF Ml AtDREBIE HAA BT ES% KR,
PgCBF7 5 AtCBFlI ~ AtCBF{., MdJCBFI .
PpCBF6 . SICBFI . CsCBF3 % %11 )& T Group
. PgCBF1 # PgCBF3 BA B ES% X5,
HJEF Group Il .

@ PgCBF4
® PgCBF2
CsCBF4

3 ABEMETT KB AE. . BN ERREMN CBF EE Rkt 5
Fig. 3 Phylogenetic tree analysis of CBF gene family from pomegranate(Pg) ,Arabidopsis (At),
rice(Os) ,soybean(Gm) ,tomato(Sl) ,peach(Pp) ,apple(Md) and tea(Cs)
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Fig. 4 Analysis of gene structure and conserved motif elements of CBF gene family
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Table 3 Analysis of conserved motif of CBF protein in pomegranate with other six species
¥ Motif K B /aa Length FIHLB RSP ¥ 5] Amino acid conserved sequence
Motif 1 25 PKKRAGRKKFKETRHPVYRGVRRRN
Motif 2 29 KKSRIWLGTYPTAEMAARAHDVAALALRG
Motif 3 21 RSACLNFADSAWRLPVPASTB
Motif 4 11 GKWVCEVREPN
Motif 5 21 AKDIRRAAAEAAEAFRPEESS
Motif 6 15 LLASMAEGLLLSPPP
Motif 7 11 EDDADVSLWSY
Motif 8 21 EAEQSGSLFYMDEEAMEFDMPG
Motif 9 11 SDEEVJLASSR
Motif 10 19 MBIFSSYYSDSQEESESSS
R4 AW CBFEERKREA-REMIIR
Table 4 Secondary structure of protein sequence of CBF gene family in pomegranate
. - , TR G O A
& VA SEAgE/ % B fh /% AR/ % sty B
. - : Distribution of secondary
Protein a-helices Extended strands B-turns Random coils
structure elements
PgCBF1 30. 80 12.66 1.69 54. 85 TR “HH “‘mwm ol m b WHMHH wa] H““\““H‘HW%““ - wmw : :
PgCBEF2 26.73 14. 29 1.84 57.14 b H‘MH‘”“”“““”““““‘”‘”H‘ H I \uwu“HH o “HH\W\\M “ E_ g
B ., I
PgCBF3 33.76 12.24 2.53 51.48 i i HHH o u‘ “ m umuu HH} ‘MHH‘H‘MH‘HWWM“ ki
PgCBF4 34.50 15. 50 5. 50 44.50 B (TS T i T g%
- s £
PeCBF5 99,93 13. 08 0. 42 56. 54 ‘mmum - ‘H ‘uul”um” ! “H““}”““‘M“ “\ummm‘ Hmlm‘ H H‘WHHHMH U'mmmuuﬂu“ k3 E
PECBEG 99 56 1579 5 63 59,02 i HH‘.m..ﬂlm\m\|.‘1|uq ::'|”|M\.‘.WHUJ“.mHH.wm“JHHHH‘HM wn ““m‘mm
) B v s ol | s [ o [ “u‘“}“
PgCBF7 30.17 9.05 3.45 57.33 = o =
L ~
e ) Ve /‘ )
V = = —
/ '\ » ’\
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Fig.5 Tertiary structure of seven CBF proteins in pomegranate
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Purple curve represents synteny relationship among pomegranate CBF genes, red curves represent synteny relationship between

pomegranate and CBF genes of other three species
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Fig. 6 Synteny analysis of CBF genes family of P. granatum ,A. thaliana ,M. domestica and P. persica
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Fig. 7 Information from gene ontology(GO) annotation of PgCBFs
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Fig. 8 Analysis of putative cis-regulatory elements in promoter regions of CBF genes family in pomegranate
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Fig.9 Heatmap of expression level of PgCBFs in different tissues of pomegranate
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Relative expression of PgCBF in pomegranate roots and phloem under low temperature treatment
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Identification and Expression Analysis of CBF(C-repeat Binding Factor)

Gene Family in Pomegranate(Punica granatum L. )

LIU Longbo',ZHENG Shuxuan® and ZHENG ]Jie'
(1. School of Life Science, Huaibei Normal University, Huaibei Anhui 253001, China;

2. Xiayi Branch of Henan Agricultural Radio and Television School,Shangqiu Henan 476400, China)

Abstract As a class of AP2 family transcription factors, C-repeat binding factor (CBF) gene family
plays an important role in resisting low-temperature stress and improving cold tolerance of plants. The
genome of pomegranate is released,but a comprehensive study on its CBF genes family is still lacking.
In order to characterize the CBF gene family of pomegranate (Punica granatum L.),PgCBF family
genes were comprehensively analyzed by using bioinformatics methods and qRT-PCR. In this study,
the total of seven pomegranate CBF genes were from pomegranate genome. Sequences alignment re-
vealed that all the CBF proteins contained AP2 DNA-binding domain, signature sequences
PKKPAGRxKFxETRHP and DSAWR,respectively. These PgCBFs were mainly distributed on chro-
mosome 1 and 4,respectively. The number of coding amino acid of PgCBFs was 201 —267 aa,and the
molecular mass was 21. 69 —29. 81 ku. Phylogenetic analysis showed that PgCBFs were divided into
Group I — IV ,which were clearly distinguished from Group [ that was composed of OsCBFs. Except
PgCBF2 ,PgCBF4 ,PgCBF5 contained 1—2 intron,the other members of PgCBF family genes were in-
tron-less type,which were similar with other six species. MEME results showed that Motif 1—7 were
conserved and presented in CBF protein sequences of all seven species. Secondary structure of the
PgCBFs protein was mainly composed of random coils and alpha helix, and their three-dimensional
structure was relatively similar each other. The syntenic analysis indicated that tandem repeat may

play a major role in expansion of PgCBF gene family,and syntenic relationships showed that PgCBF
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gene had two,five and four syntenic gene pairs with Arabidopsis,apple and peach, respectively. GO
annotation analysis indicated that some PgCBFs genes participated in transcriptional regulation, low-
temperature stress or hormone induce response. The analysis of cis-acting elements showed that there
were various cis-acting elements related to stress,hormone,and light. RNA-seq and qRT-PCR analysis
revealed that except for PgCBF6 ,most of PgCBFs were significantly expressed in the root,and the ex-
pression levels of PgCBFs were significantly induced by low-temperature stress in root and phloem, es-
pecially, P¢CBF7 could rapidly and continuously respond to low temperature induction. Combined
with the results of phylogenetic tree, MCScan, cis-acting element and expression analysis,we specula-
ted that PeCBF7 might be involved in regulation of low-temperature tolerance of pomegranate. This
study laid a foundation for exploration of the molecular function of the pomegranate CBF family
genes.

Key words Pomegranate(Punica granatum 1. ) ; CBF(C-repeat binding factor) gene family;Bioinfor-

matics; Gene expression analysis; Low-temperature stress; PgCBF7
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