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6§ E: YABBY ZOR— R ALMYDBESEREEEATNEZHRXAT. HATHREE
YABBY, i#itA 413 &FHREZ T AREZ(CRR) S BB EFEO R4 YABBY A E Rk i
BEFI AR, MIET SRR 5H4 YABBY 9 A4 X R H &M XA E, 5144 RNA-seq #¥EL5
T #1855 R A-Ba 4t KM (quantitative reverse transcription-polymerase chain reaction, gRT-PCR)# A 4>
MR AN, WELE K AE G (green fluorescent protein, GFP)&ka- & A AR, 1M ot tmfitL o Bi%
A RMRA L miels, HRERERN, SHRFEEA 6 /N~ FWABBY AR, REEFEH 26 A
FxaYABBY 2 ; FVYABBY AR K&k R T4 5 MRE 6t tbs 2, Hidd- AtYABBY A B Kk
B 5 HARR, EAKREZET, FIH FUABBY fEiRFfefbitF K K& ik, FVYABBYL.
FVYABBY2. FVYABBY5 #= FVYABBY6 f£°t. %. R R ¥ S kik; A#ZFEEF, FxaYABBYL.
FxaYABBY2. FxaYABBY5 #= FxaYABBY6 /22 R ¥ & &, FiA FxaYABBY fLfbitd AIRA AR T K
B, I, AR, HEATIFEAMMAT, FYABBYL. FVYABBY3. FVYABBY4 #= FvYABBY6
Tif %1k, FVYABBY5_ Lifl%ik, FVYABBY2 % Eifls TR AA. AMEtmiey, FiA FYYABBY
FaQ¥ AL E Mo, vA LR AT A YABBY ARG B LR R T Ak,

X827 ¥£F; YABBY LB Kk, Ao REAEX; Tafiiis
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Identification and expression analysis of the YABBY gene
family in strawberry

YU Tingting®, SHEN Shurong”, XU Yiling, WANG Xinyu, YU Yao, MA Bojun, CHEN Xifeng"

College of Life Sciences, Zhejiang Normal University, Jinhua 321004, Zhejiang, China

Abstract: YABBY proteins are important transcription factors that regulate morphogenesis and
organ development in plants. In order to study the YABBY of strawberry, bioinformatic
technique were used to identify the YABBY gene families in Fragaria vesca (diploid) and
Fragariaxananassa (octoploid), and then analyze the sequence characters, phylogeny and
collinearity of the family members. The RNA-seq data and the quantitative reverse
transcription-polymerase chain reaction (QRT-PCR) technique were used to assay the expression
patterns of the family members. A green fluorescent protein (GFP) was fused with FvYABBYSs
and transiently expressed in tobacco leaf cells for the subcellular localization. As the results, six
FVYABBY genes and 26 FxaYABBY genes were identified from F. vesca and F.xananassa,
respectively. The FVYABBY genes were grouped into five clades, and five family members were
orthologous with AtYABBY genes of Arabidopsis. In F. vesca, all of the FVYABBYs were
basically not expressed not expressed in root and receptacle, while FVYABBY1, FVYABBY2,
FVYABBY5 and FVYABBY6 were highly expressed in leaf, shoot, flower and achene. In
F.xananassa, FxaYABBY1, FxaYABBY2, FxaYABBY5 and FxaYABBYG were expressed in
achene, and all FxaYABBY were poorly or not expressed in receptacle. Additionally, under the
abiotic stresses of low temperature, high salt and drought, the expression of FVYABBYL,
FVYABBY3, FVYABBY4 and FVYABBY6 were down-regulated, FVYABBY5 was up-regulated, and
FVYABBY2 was up-regulated and then down-regulated. In tobacco leaf cells, the subcellular
localization of FvYABBY proteins were in the nucleus. These results provides a foundation for
the functional researches of YABBY gene in strawberry.

Keywords: strawberry; YABBY gene family; sequence analysis; expression pattern; subcellular
localization

YABBY J&—FhFAEMRA W 5 5,
PR AR ERIIRERA R T, IF HAE
ik B iR A RSEERY. YABBY EATE
N sl & 1 4> C2C2 BHEZMIL, 7 C il
1 D454 DNA (/IR TE - 21 - B8 e 45+ 3 (L PR
YABBY Zif458). 45 1 > YABBY K:[A, Xk CRC
(CRABSCLAW), & MR 7T (Arabidopsis thaliana)
PRI MY, RS, 1€ RS T [Arabidopsis
thaliana (L) Heynh]® . #i £ (Gossypium
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hirsutum)®! | #&ili(Solanum lycopersicum L) 7
B # [Hevea
brasiliensis (Willd. ex A. Juss.) Muell. Arg.]''FI5%
R (Malusxdomestica Mill.)"" . /K #(Oryza sativa
LM 2Ry ks T YABBY R KK
FERIR ST, YABBY KK CRC,

FIL (AtYABBY1). AtYABBY2. AtYABBY3. INO
(AtYABBY4)F1 AtYABBYS ix 6 51", CRC
TE TR T 0 B A P A i & &1, % BLADE ON

¥ (Punica granatum L)® |
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PETIOLE 1 1 BLADE ON PETIOLE 2 Jt[H H A
iR, FIEESE: CRC M B4R LA M) X
2 ANIFEER AT TALTFEHY, s, CRC
S 5 516 5 A 2 8 11 A SRR SE R i
U FIL )2 5 AtYABBYZ2, AtYABBYS3 H:[ajff
T AL ST IR X 3 N3
TEM L AEST A ARG HES AL e S A e
MR, mE AR AR REPL FIL &R
AR o AL I A TCAL R AEHE , T RE G A%
AL B IR, R FIL 7EAE B S A OAE
U, SR, TERAREIT Y, R LR FHAILE il
PAZEAS RS | TAE fil 43295 rev. clvl, clv3.
han. Ify, ufo AYXLSEAS{Ar i 2 4tam , R il
B eI AR B AR Y T A8 R R s

FIL 1 AtYABBY3 7E#R 22 M THT 20 il & & T
ARIRVERIMY, 7E fillyab3 UG A, I
e R ARG, S ELEAIER

AtYABBYS & AR 7415 FIL, AtYABBY2.
AtYABBY3 [R U, e [ ke e 7 i 240 Jf 0 T oty 53
HH R F >, TE fillyabby3/yabby5s =%
ASAFN fillyabby2/yabby3/yabby5 DUz As {4,

I 7 FIAE T SRR, 0k IX 4320 il R 0 A 24
Jle o FERIFE I, YABBY N ZEGEH RA
INO FEMRER H 3Rk, BMER & T CHEIL N, I
RAF S FEIMRIMEIE R, Bk & & =2,
WFFEE KB INO AL 4 ] NRAMPL F 235 AT %
KT EBEHRFAER SR, MR INO AT LA
IR TR R R, INO /R —FRUh ek
SERAT, 5 sEEFF LUG (LEUNIG) ., SEU
(SEUSS)&, PRZ1 (ADA2b/PROPORZ AH HAEH,
P RERS M I A R R P,

FEF A AR A, L YABBY
FERZR MR ATV R 5 AWK, 43 5% 0 HUA R
JFH) CRC. INO. FIL/'YABBY3., YABBY2 Al
YABBYS5, 2R, 7EKFESERF YT, mF
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B YABBYS WAER, HIA 4 MUK
LIRSt YABBYs 3t K T RETUAR AR, KA
() YABBYs 3 [H 5 i 51 HA A [F 1) o) g
OsYABBY1 1] 5 GA30x2 i &+ H i 7 & %
(gibberellic acid, GA) N JGHFEE A, 25 GA By
A AR E P OsYABBY2 Xif Fil 7y ki itk &
FKEEP], OsYABBY4 HA MR s, I
SEAELEAE 1 43 AL SURN ) B S AL 40 v R Y
OsSYABBY5S 7 4 543 A= 4L 2L MR 7 2h Bl & &5 +p
A EEAEAP, 7N (Cucumis sativug)
CsSPL 15 CsYABBY1. CsYABBY3 #ll CsINO
MEAE, R0 A& & PO A4+ GhYABBY
P ARE 2ol MR s e et AT U= R

TR N AR (Rosaceae) 22 A A= B A W)
FIR MRS 85 B 2E , 2R sz il
KR Z —, 2] KIERE R FH IR, Ty —Fh
HEMATAEY . AR AR A, b
%5 (Fragaria vesca), HIE R4 /N H.EL 4y
SRS Ak B 585 (Fragariax ananassa) M J&
[ AR, o FSE R A7 7E = B Rl IR B 2 )7
g, A AT RS AP g
RE LR 5 A BE T R S S o AR S A=
WG B, %8 SRR RS AR B B4 YABBY
FEIFBERL G, AT 35 PR R He 2 A 28 1 1 28 ) A
fiE . RG R T | HEIF IR TG 2 7
&, NHBESY YABBY JERTERIE AR A K A F
[V AL BE 2 S

1 HE5xZ
1.1 EH R0 A E 418

PR EL RS (Fragaria vesca)in # Ruegen ) Fh
T Pk B AR K 22 5K R R e R S At L e
FE 25 °C/23 °C (16 h JGHH/8 h HwE) . JBJF
70%—80% MR = 55T, B Fh R Fh7E 5 IR A
Bitr, 4K 70 dJEAHIEREM . i fE. 4
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. HARSEARAL, Ji5h, TR 40 d )5,
Sy BIKEHIE E T 4 °C. 200 mmol/L NaCl il 20%
PEG6000 il 261 T~ #EATARFE, FARHS 0,12,
24, 48 h Uk, 3 IRAEYIFEL . D EMEY
R RHIR, A7 T80 °CH .
1.2 % YABBY EEREHNEE

I AR PR ZH B3 2 (genome database for
Rosaceae, GDR)%(#E /% (https://www.rosaceae.org/),
A AR RE(F. vesca) &R 4 (v4.0.a2;
BOFT A, LIRSS YABBY MR
FEMRIF AR Query 4T BLAST, 2 [F] U5
FVYABBY, Jff{#i i SMART (http://smart.embl-
heidelberg.de/) % E Hgnt & 1Y) YABBY %544
B, SRJG, A FYYABBY LA A4 4t 25 (741
TE\ AR FR 15 FL A5 (F. x ananassa) 5& [ 2H (v1.0.a2;
IR BT WA ) A A R BT A A TROTH A
(Fragariaiinumae), H4<H%E(Fragaria nipponica).
230 ¥R (Fragaria viridis)%: K 41 () 41 b8 2%
YABBY [A] i 3£ A .
1.3 ERFERERBEBNFIIFEHES

M GDR %#i/FE T3 F. vesca (v4.0.a2)fll
F.xananassa (v1.0.a2)f)5E R4 e, FIH
TBtools B4 2I%F 51 4% YABBY 3k [K 5 15 Al bt (1) e
o A RN L DR G5 A A ] Ak 1 5 $R R
FE R E R %S T (ATG) E3iF 2 000 bp AOFEK 4 )7
51, F|FH PlantCARE (http://bioinformatics.psb.
ugent.be/webtools/plantcare/html/) 53 #7 it = £F FH
Juft, FHEIE GSDS2.0 (http://gsds.gao-lab.org/)
#&1 qRT-PCR HI5|4F7%

HEATAT AL 7E53 BT HE%E YABBY & 1751
FRIEH, R MEGA 7.0 8 T 2L P9 Y
Alignment, F|H MEME (https://meme-suite.org/
meme/) T HARSF LY, ] Phyre2 (http://www.
sbg.bio.ic.ac.uk/phyre2/html/page.cgi?id=index) i
M =2 254 .
14 ARG ABESHEMSH

FIH MEGA 7.0 A4, R 4B (neighbor-
joining)t4## YABBY EHFHIRGE LT,
bootstrap {E % & & 1 000, F|FH MCScanX**153#r
ANRIFERZH K H: YABBY JE (K [B] Lt , E (X
N 1x107°, FEH] TBtools ZfH A T Al AL 141 .
1.5 ET RNA-Seq #IERIE R RE D

FIF F.vesca il . M| fE . TEFGHIE R A%
LU AL B, UK F.xananassa L5t
4 NRTFR B IR AETE . 3 R S 4 R
MRS YABBY JEIA i 15 B4 (transcripts
per million, TPM), {5 /1] TBtools A= BUHLIE
1.6 EERZENEEVEREAHBERN
(quantitative reverse transcription-polymerase
chain reaction, qRT-PCR)3&1iE

% Fi EASY Spin Plus Plant RNA Rapid
Extraction Kit (Aidlab 7y &])$H2 B AEAE 5 A B
RNA, H] Prime Script RT Reagent Kit (TaKaRa
S ENA S 155 cDNA R TB Green™ Premix
Ex Tagq™ (TaKaRa 2\ F))#f 7 qRT-PCR, PCR J2
IR R RO S UL R, 5IP A L3R 1. 7R
Step One™ Real-Time PCR ¥ FizfTH R : 95 °C

Table 1 Primer sequences of qRT-PCR
Gene Annealing Amplicon size Forward primer (5'—3) Reverse primer (5'—3")

temperature (°C)  (bp)
FVYABBY1 59 104 GCCTTTCAGTCACTGTCCTG ATCTTCTTGTTGCCTTTGGA
FVYABBY2 58 117 ACCCACCAGAAGCAACATCA TGCAGGAGCAGCAGCAAACT
FVYABBY3 56 180 ATGATTACCCTACTACCTTGACTC TGAAGCGGTTGTAAGCAGAT
FVYABBY4 55 170 CATCATCTCCTAGCTTCACTTG  GTGTAATCCTCTTCATTTTCATAAT
FVYABBY5 60 154 TTCATCATCTCGGTCACTCCTT  GCTACTCCTCCTCTTGGTCTTACA
FVYABBY6 57 132 GCTAACCTCGGACATTCTTTCTT AACTCCTCGAATCATTGGCATA
FvActin 58 107 GAGGCAATTTAGACGCGCAA GCTCAAGAATGTCAGTGGCG

&: 010-64807509
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5min; 95°C5s, 60°C30s, FLAFEHR 40 ¥k, LU
Ei%F FvActin JL R (FvH4 5g27840)E MbrifEfk N
%, % delta-delta Ct 7£P73 4145 5L R A A X
k., T ZRA 3 WA RS AR
1.7 FvYABBYs A4 3F 40l E {3

K H] Cell-PLoc v.2.0 (http://www.csbio.sjtu.
edu.cn/bioinf/plant-multi/)#iil] YABBY & [ 1)1V
Y7, FH PrimeSTAR® Max DNA Polymerase
(TaKaRa 22 w])fE R FLH# PCR 914 FVYABBYs J&
N CDS (A& IEF), FAFIH In-fusion HD
Cloning Kit (TaKaRa 72 A ) H 46 A F|
pCAMBIA1300 Zf&H, g CaM35S Jii 8l 73K 37,
JFY5 GFP RlG 3Rk, LT VRRENE A i dE 2
RIRBARFA BN RATE GV3101 2540
M, # M8 Bleckmann 2509 (975 ¥ 76 M0 %L
(Nicotiana tabacum)i- i BERS 35, 2-3 d J5
FiEAT 4,6- 3K DK -2- 7 2k 03] Wk (4',6-diamidino-
2-phenylindole, DAPT)Je (a0 gt 41 G i3
(ZEISS A T)) FWZE GFP & DAPI 266155

2 BRS04

2.1 E% YABBYs 2EZRGEMWLEE
FIFHIIRE T YABBY 2 1 ¥517E GDR %4 ¢
H1 BLAST HuXt, M A5 AR AE(F. vesca)H 4
FEH 6 1~ FVWABBY H:H(F 2). X 6 AR
F 7 SN 7/ Nl £ T 0 5 O VAR S o= M s
FVYABBY1-FVYABBY6, 737ii fERRPREAEIY 5 A5
ik B 1A), HA, FyYABBY3 JL[A7E GDR %4
PR A 1 AN AR FvHA 4g29650.t1, Sty
EFN 569 aa, BT & YABBY Z5#yl4h, 7 C
AT — AN UAA 254638, 3R s —A~
AT gmhis, 1 H IR D REERA UDP-N-Z 924
SH AR s RN, MR S R T
NCBI %42 (https://www.ncbi.nlm.nih.gov/) & Pl
FEIA 1 NS (Accession: LOC101305462),

http://journals.im.ac.cn/cjben

AR B R AR RGNS T, R TR
PEATZAE, MMgis— RS UAA S5 3800
YABBY #[1(189 aa), 44~ FvH4_4g29650.12
(# 2), HiH T PCR fEHRMEEEN cDNA Hiiy 1
W TSR, H, 7ERRIEE %A F.xananassa
FIRENH T BerR, XW FYYABBY3 BRI E M
WA UAA 45thi. THYH YABBY i
M AR IR /NER, FIIA R
FvH4 429650.12 4ifi YABBY3 & A, JKHIF
G T RS2/ 53 4T . FVYABBYs J [F] A 4 5 [X K
FETE 561-714 bp ZI[a], YwtaE AR T
h 186-237 aa, FFHLAN 5.09-5.16, LAHHIT
2T A MIA% . FYYABBY e DK 525 A 54 ) %%
ST PEAREN . HM%)T S (coding sequence,
CDS)MIZEILR K SR 2 fin. K5, FIH
FVYABBYs J A 7 /\ fif A% 45 Hi 4 (F. x ananassa)
SR 1T BLAST X, 78 20 S ik bk 3t
T 261~ FxaYABBY A . FxaYABBYs 3 [H /1) CDS
FEHIK S 471-816 bp, HiZwhdaE A2 FmR
JPHIA 156-271 aa, SEHL&EN 5.09-5.17, W40
JeL T A A MR . O T X 4y TR R Y
FxaYABBYs JL[H , #4 A [F] FxaYABBYs Ji [A 44 H:
TER G B4 B0y e AR F 1T g 5,
FVYABBY1 [# [A] i 2 K & FVYABBY1l-1 %
FxaYABBY1-4; %/~ FVYABBY k& [K X} v () [ Y&
FxaYABBYs J A H gt 85 1 1) 24 JEm2 e 31 4R
AL i F F.xananassa #A A 4 F A5 AR A
%5 F. vesca, F. iinumae, F. nipponica il F. viridis
% A8 AR T SR i AR AR i FuYABBY2-
FVYABBY5 7 F.xananassa &R HHH&H 4 1
B AL, T FYYABBYL A 3 > H A Ji ik
K, FVYABBY6 HIf5 7 1~ H R AL (E 1B).
Hrf, FxaYABBY6-4 4if 1 £ 19 YABBY Z5#4
WOAE#, IRATREE— MBI A (pseudogene) .
26 > FxaYABBY Jit K i 41 {5 B 4Nk 3 iR,
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*2 HHWEE FVYABBYs EEKIFHIHFE
Table 2 Sequence characteristics of FVYABBY genes in Fragaria vesca

Name Accession® Chromosome location CDS (bp) Protein (aa)  Isoelectric point Cell-PLoc
FVYABBY1 FvH4 1g03040.t1 Fvbl:1 714 477-1 717 938 561 186 5.16 Nucleus
FVYABBY2 FvH4 3g26130.t1  Fvb3:18 970 831-18 976 558 705 234 5.11 Nucleus
FVYABBY3 FvH4 4g29650.t2°  Fvb4:29 686 355-29 689 771 570 189 5.14 Nucleus
FVYABBY4 FvH4 4¢32910.t1 Fvb4:31343 311-31 345497 714 237 5.14 Nucleus
FVYABBY5 FvH4 5g00320.t1 Fvb5:225 529-228 828 699 232 5.09 Nucleus
FVYABBY6 FvH4 7g11260.t1 Fvb7:10 483 148—-10 486294 654 217 5.10 Nucleus

% Accession of YABBY genes of Fragaria vesca genome v4.0.a2 from GDR (https://www.rosaceae.org/); *: The sequence of
FvH4 4¢29650.t2 is an alternative splicing of FvH4 4g29650 deposited in NCBI (https://www.ncbi.nlm.nih.gov/; Accession:

LOC101305462).

2.2 FVYABBYs EFE K HEEBERNFS
FAE

H4E FVYABBYS J A (1) 4t 25 11 57 41
A 6 MHEIR A3 2 . FVYABBY1-
FVYABBY3 5 FVYABBY4-FVYABBY6 (&l 2A).
ML 254 B, FYYABBY L4 85 H &
RN I ORAT Y, Bl A DR 6-7 4K
2B), iR FVYABBYS F1 FVYABBY6
A ML B A 8T RN A T 45 (| 2B).
FvYABBYs & [ [ & LR 7SI AFAE 3 MRSF
FE 7 motif 1-motif 3 (8 2C-2D), HEAEMA 1Y
B2 MESEEERIE, N 1A C2C2-4E8 451
WA C 35 14> YABBY 455 (1¥ 2E), Hi& 5
motif 1 Fl motif 2 &, J5#H 5 motif 3 HE .
[, B Phyre2 BTN T3k 2 AR ST 25 Ha 3k
B = YEShR, RBX 6 A~ 1A IBUIE - IR -12iE
YABBY ZEHIAT C2C2-5FH5 45 ks 11 23 ] 4%

v BEARDL( 2F).
2.3 FVYABBY EREFRERHFHL S &M
DHr

T HEGE FVYABBY JE[R7EAEY) b A EAL
KF, 4 6 4~ FVYABBYs S58Ip I+ Fint.
TSR K R4 35 4 YABBYs B M T &
Gk FR(E 3A). X2 YABBY JEH S5 IR ST
iy FIL/'YABBY3. YABBY2. INO., CRC A
YABBY5 I 5 NAE (B 3A). A it
fJE, FVYABBYS5 Fl FvYABBY6 — [ R 2E7E

&: 010-64807509

FIL/YABBY3 4r 3 %', i FvYABBYI .
FVvYABBY2. FvYABBY3 HI FyYABBY4 |4}
ArEHA 4 4> X H (K 3A), &8 FYYABBYS
1 FVvYABBY6 TEHEALLIF#EH C R B %],
XIF FVYABBY JE R G () 3 R A il 1 O, R
FH MCScanX 43 T ARk B 45 S50l p T B K 20
Rttt , £ FVABBY1 5 AtYABBYS.
FVYABBY3 5 CRC. FVYABBY4 5 INO.
FVYABBY6 5 FIL. FvYABBY6 5 AtYABBY3 Jy
5 XHRFVRIER, 1 FYYABBYS 5 FVYABBY6
R Z AL (] 3B).
2.4 FVYABBYs#1 FxaYABBYs £ [FJ4H
ARIETRK

I A ARAR L REAS [R] 4 2L P S B8
B T FYYABBYSs JE A (R 2 R kA X
wE 4A s, Frf FVYABBYs JE[RI7EAR FIAE
FE 3 A R £ 35, FVABBY1l. FVYABBYZ2 .
FVYABBY5 Fll FVYABBY6 7EM . 25, 76 F1E H
R, Hd, fERZZRRFIIEM FYYABBYS
1 FVYABBY6 1AM AR AL, FVYABBY3
AR SRR, FVYABBYA (7R SR
Ko N T RIEIE R H A Rk,
qRT-PCR | E T FVYABBYs KL K S /e AR AR B A%
MR, 25, 0, fE . FEFERYE SR i Rk
M, K¥L FVYABBY2. FVYABBY5, FVYABBY6 7E
Ik AT AR, 1T FVYABBY3 il FVYABBY4
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A Fvbl Fvb2 Fvb3 Fvb4 Fvb5s Fvb6 Fvb7
1.7ﬂ~FvYABBY1 ” ﬂ ” OQT[ FvYABBYS ﬂ ﬂ
LT o £Y. LVviADDIJ LT A
315 FVVaBBYZ
33.
383 30.
B Chromosome 1 Chromosome 3
Fvbl-2 Fvbl-3 Fvbl-1 Fvbl-4 Fvb3-4 Fvb3-2 Fvb3-3 Fvb3-1
1.5 D Fravapayr-2
4.0 H-Fxa¥ABBYI-1
A r - 14.04L .
14.0 —-FxaYABBY2-1 TEY I FxaYABBY2-4
17.5HFxaYABBY?2-2
22.9-4-
27.8 4
- 26.0 H-FxaYABBYI-3 29,6
28.9 L e E 3155 32.0-4-
Chromosome 4 Chromosome 5
Fvb4-3 Fvb4-4 Fvb4-2 Fvbd-1 i Og?vbﬁ-l Fvb5-3 Fvb5-4 Fvb5-2
N 0 n \007-f-FxaYABBYS-1 | 0.2-fFx _30.2-f-FxaYABBY5-4

2.4 W rravappyi-1 24N FrayaBBya-2 2240 Fray4BBYL-3 FxaYABBY5-3 A4
4.0 H-Fra¥4BBY3-1 3.8 FxaYABBY3-2 3.6+ FxaYABBY3-3

16.6 M- FxaYABBY3-4

18.2 H-FxaYABBY4-4

20.0

26.3-4- 26.0-0 25240~ 25.0->-
%;% FxaYABBYS-2

32.0-9- 29.8-6- ’

Chromosome 7

Fvb7-2 Fvb7-3 Fvb7-1 Fvb7-4
9.8—FxaYABBY6-1 10.5H-FxaYABBY6-5
13.5 0 FxaYABBY6-7 F. xananassa subgenome:
13.9-4-FxaYABBY6-3 o
16.0- FxaYABBY6-2 151 g FeaTABRTS-5 B F. vesca-like
- FxaYABBY6-4 O F. iinumae-like
2354 O F. nipponica-like
25.14-19.1
[ F. viridis-like
3224

32.4-6-

1 E% YABBY E[EMRBIKRSTHSFFIFHE

Figure 1 Chromosomal localization and distribution of YABBY genes in strawberry. YABBY gene family in
Fragaria vesca (A) and Fragariaxananassa (B) genome. Different color of F.xananassa sub-genomes
indicates their respective diploid progenitors, namely F. vesca (orange), F. iinumae (green), F. nipponica (pink)
and F. viridis (yellow). The relative chromosome size is indicated by Mb.
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Table 3 Sequence characteristics of FXaYABBY genes in Fragariax ananassa

Name Accession® Chromosome location CDS (bp) Protein (aa) Isoelectric point Cell-PLoc
FxaYABBY1-1 FxaC _2g08840  Fvbl-2:4 029 830—4 033 238 528 175 5.17 Nucleus
FxaYABBY1-2  FxaC_3g03210  Fvbl-3: 1501 352—-1504 914 501 166 5.17 Nucleus
FxaYABBY1-3  FxaC_4g36960  Fvbl-1:26 015 659-26 019 068 528 175 5.17 Nucleus
FxaYABBY2-1  FxaC_9g25060  Fvb3-4: 13 966 322—13 971 905 702 233 5.11 Nucleus
FxaYABBY2-2  FxaC_10g29810 Fvb3-2: 17 545 954—-17 551 411 708 235 5.11 Nucleus
FxaYABBY2-3  FxaC_11g26110 Fvb3-3: 14 798 075—-14 807 212 708 235 5.11 Nucleus
FxaYABBY2-4  FxaC_12g20670 Fvb3-1: 14 003 178-14 008 868 708 235 5.11 Nucleus
FxaYABBY3-1 FxaC_13g09180 Fvb4-3:4 003 456—4 005 455 561 186 5.14 Nucleus
FxaYABBY3-2  FxaC_14g07850 Fvb4-4:3 799 105-3 801 173 561 186 5.14 Nucleus
FxaYABBY3-3  FxaC_15g07870 Fvb4-2:3 647 229-3 649 001 561 186 5.14 Nucleus
FxaYABBY3-4  FxaC_16g24161 Fvb4-1:16 578 890—16 581 027 561 186 5.14 Nucleus
FxaYABBY4-1  FxaC_13g05330 Fvb4-3:2 386 703—2 388 786 714 237 5.14 Nucleus
FxaYABBY4-2  FxaC_14g04870 Fvb4-4:2 398 399-2 400 402 714 237 5.13 Nucleus
FxaYABBY4-3  FxaC_15g04560 Fvb4-2:2 157 740-2 159 824 792 263 5.11 Nucleus
FxaYABBY4-4  FxaC_16g27480 Fvb4-1: 18224 036—18 225868 816 271 5.11 Nucleus
FxaYABBY5-1  FxaC_17g00020 Fvb5-1:7426—10 534 699 232 5.09 Nucleus
FxaYABBY5-2  FxaC_18g46260 Fvb5-3:27 224 474-27 227 605 699 232 5.09 Nucleus
FxaYABBY5-3  FxaC_19g00340 Fvb5-4:209 505-212 494 693 230 5.10 Nucleus
FxaYABBY5-4  FxaC_20g00220 Fvb5-2: 168 129-171 193 693 230 5.10 Nucleus
FxaYABBY6-1 FxaC_25gl16650 Fvb7-2:9 810 155-9 813 127 654 217 5.11 Nucleus
FxaYABBY6-2  FxaC_25g27880 Fvb7-2:16 002 181-16 005 162 654 217 5.10 Nucleus
FxaYABBY6-3  FxaC_26g27070 Fvb7-3:13 942 511-13 945 468 654 217 5.10 Nucleus
FxaYABBY6-4  FxaC_26g34740 Fvb7-3:19 120 095—-19 122 984 471 156 5.16 Nucleus
FxaYABBY6-5 FxaC_27g14020 Fvb7-1: 10503 610—10 506 502 654 217 5.10 Nucleus
FxaYABBY6-6  FxaC_27g20410 Fvb7-1: 15110 506—15 113 435 654 217 5.10 Nucleus
FxaYABBY6-7  FxaC_28g26310 Fvb7-4: 13 513 708—13 516 906 657 218 5.10 Nucleus

% Accession of YABBY genes in Fragariax ananassa genome v1.0.a2 from GDR (https://www.rosaceae.org/).
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Figure 2 Sequence characteristics of FVYABBY genes and their encoding proteins. A: Clustering tree of
FvYABBY proteins. B: Exon and intron structure of genes. Blue box indicates 5’- or 3'- untranslated region
(UTR), yellow box represents exon and black line indicates intron. C: Three different conserved motifs of
FvYABBY proteins. D: Sequence analysis of domain conserved motifs. E: Amino-acid sequence alignment of
FvYABBY proteins. The conserved domains of C2C2 and YABBY are underlined by red. F: Tertiary structure
of C2C2 and YABBY domain predicted by Phyre2.
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Figure 3 Phylogenic and collinearity analysis of FVYABBY gene family. A: Phylogenetic tree of YABBY
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Figure 4 Tissue expression patterns of FVYABBY gene family. A: Expressional heatmap of FVYABBY genes
based on the RNA-seq data of different tissues of Fragaria vesca. B: Expression pattern of the FVYABBY genes

in different tissues of F. vesca by qRT-PCR.
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Figure 6 Gene expression of FVYABBY genes in Fragaria vesca under abiotic stresses. Seedlings of F. vesca
were treated with low temperature (4 °C), high salinity (200 mmol/L NaCl) and drought (20% PEG6000),
respectively. Samples were collected at the times of 0, 12, 24 and 48 h after the treatments. Significances (P
value<0.05) were marked with different lowercase letters.
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Figure 7 Subcellular localization of proteins encoded by FVYABBY genes. GFP is a control, FvYABBYs:GFP
are fusion expressed proteins. After the vectors were transiently expressed in tobacco epidermal cells for 48 h,
the leaves were stained with DAPI and observed under a confocal microscope. Bars =50 pm.
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