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Whole Genome Identification of WOX Gene Family and
Related to Callus Induction in Commom Bean(Phaseolus

vulgaris L.)
YE Zongmao!, XIE Xun!, HOU Siyu!, WU lJing?®

@ College of Agronomy, Shanxi Agricultural University, Taigu 030801; 2 Institute of Crop Science, Chinese Academy of Agricultural
Sciences/National Key Laboratory of Crop Gene Resources and Breeding, Beijing 100081)

Abstract: The genome sequencing of common bean has been completed, however, research on its important
genetic traits and genetic transformation remains in early stages. This study systematically analyzed the WOX gene
familly in common bean, identifying 18 WOX genes that encode proteins ranging from177-847 aa. These proteins
contains homeodomain conserved domains, and are subcellularly localized in the cell nucleus.The promoter
mainly contains cis-acting elements related to meristem formation and auxin response..A collinearity and
phylogenetic tree analysis was conducted with the members of the WOX gene family in mung bean, soybean and
Arabidopsis thaliana. The 124 WOX genes can be divided into three major groups, and the WOX homologous
genes among the four species are subject to purifying selection. Through screening the media with different
concentrations of 6-BA and 2,4-D hormone ratios, the callus induction systems of two common bean varieties
were successfully established. Through transcriptome combined with gRT-PCR analysis, 8 differentially expressed
WOX genes were identified, among which the PvWOX1/15/16 genes were significantly correlated with the callus
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formation rate. qRT-PCR verified that the expression patterns of these 3 genes were consistent with the
transcriptome results. The above results indicate that the PvWOX1/15/16 genes can be used as potential target
genes for the research of genetic transformation in common bean.

Key words: common bean; WOX gene; callus induction; transcriptome analysis

iESE . (Common bean, Phaseolus vulgaris L.) , JGE7= T AR S — AL 5
KA, M4EG, WEG, R EMEERE ZreHAERe -0, FEEERA
FKEWERATRAMN FERIE . —, 0. R4 7 AR S A X E 15%F 28 H M 30%
Rk HLFR KR, 4 2023 4F FAO Suit#d, ISR U ARRFETEIFAYY 3775 AL, ik
2850 i W, EOWH 5 A4 ER T E M 50% . b E T EAK T E M E A
(https://www.fao.org/faostat) . M IEZEGAFR A RmEA KBS RE, HE S8, B,
BBk B MISRMOYIRERYR, RUMRERLEATNMNEHERZ B, 4
B, WEEEHMAEE FELEEMRRLE . BEEMIRZLEMNE, Wit E A
WK, BORNEENE, AR EMKT. MHIERE M, BN R g RN AR
PR RIS X — A2 M R B AR IR IEAT B AL O R, 45 B P SR PR AR N AR M,
REEEE TGRS ML AR RO EIE —ib g, (BB A AR R E AL
Bl I HEERIAY . SRR R UG LA K P AR S At S5 R 3473 B A1) G 1 Jo R e

W30 S SR AL T I D7 A AT R/ AR B AR A S IR, A St I g
B B MR AT B R R AT TR U, LI SRS S BRI 7T, K20 FRAGE
197 RIEME BEF M 70t WE, % FERAE A 5 AH L BCR A B A S92 58 e
i, BeAL RN A, (B2 FRERA — @ MR, e 2 b4 VUGS 5 5l
RLIERYTER. #5% DNA  FR—BA R T 10 kb 201, R, 1248 5280 @44 iR
FRNG R AR R R BRUE, X TR T B A AR S B A e A R AR L. HadkiE, —L
W R 6 5 8 A 5% 2 PR O B0 PR P A S A T AR AR, n: WUSCHEL (WUS )
LEC2. PGA37. BBM % X[, 2FSMEMEHHALL Bl EENER 579, Ho,
WUSCHEL #5518 5% % & (WUSCHEL-HOMEOBOX, WOX) & — R4 5 (5% 3% [
TR, WUS J K RENS (L ik A 4 1m) PR VE A0 0 38, A FLAMELAR W] DLAS TR S AMERE i
7 RO e SR A AR A IR0, WUS JE R 5K 7 41 LR REAIE 2 £ Homeobox (HB) 2k
F, Homeobox (HB) #HHHZH 65 NEIEMILFEMI B DNA S5 aityik, R A 45
1 (homeodomain, HD) J& T4:4EHE A (ZIP) K. 1T B AWK R E ek
P72 HD g5kl at. EREIF A 15 4> WOX 2, RBrERE A A EKRE
2R 702, KA TaWOXs FEFTENEZ@HAL T, BERIN T BEARER, Wb
TEF M o, FE, ORI EE R IE WOX Il BBM BRI MR HET £k
(Zea mays L.) . 7K##(Oryza sativa L.). =4 (Sorghum bicolor L.). XJ#(Cannabis sativa
L.). WnmE(Coffea arabica) 1455 7+ (Arabidopsis thaliana)ZsAe 4 () 40 i 1 48 A1 25 401k, B4
DT L e A 0.

ABIFFEANL EC BT AN 308 5 S it A L 8 30 R L T [ 0 22 S R R A FAE , R R 4%
FEF T WOX FER ZRMCA, 70 T H A BRI A 8 41 L D RE 5 A4 38 A I A
fF, 12480 5802 S @5 S A OCH WOX £, #9%8 WOX FERIE iz OB i & BAR
WA e, DL 06 38 5 me 5 0 S S A A 2 A RCR I G B RE IR, D ST I S L R AR
AR T Al A 22 B A3k P M) Y ) 2 PR U

1MR55E

1.1+
HERF R SE AR 17-3965 (L3965) Al 10 (L10) , HZ piT Rk #RxE



TEVIBHIRRE ST iR it e 10 & Trh 2B i bh, ZE B 1 92 d, FRim 52 om, MEZRR, HHE
WA, PARLEE 219; fe 17-3965 J& Trh A G A, A2 H W 91d, PR 80 cm, AR R,
FRLE Y, FERLE 17.99.
1.2 BRALR RS S RIS

DASE oo N RSO SME AR R, AT AL T . UM — S Ay, A
75% PRSI RE 30 s PIIR, TCRE/AKIETEPII, P 5% AR EE 20 min, HIGHEKIFE B
JEBE T LT, FERR TR TR R AT, KR T 25 °C, JGMEERE 50
pmol/m?s, 16 htHE/8 h G KA T . FMAKZ 3em BLE, PIH0.5-1 cm /NEAE RS ME
TG HR R IR B R s T MS+2, 4-D (1. 2. 3. 4 mg/L) +6-BA (0.2,
0.4, 0.6 mg/L) Hizedkrh, RHIERCRI BT, 3t 12 M sRiEd G, =HER, AR
40 MME A, BRI ER. Pkt ARG R E IR IEA S, 20 L3965 A1 L10 7E5E 1 d
(R) . 15d. 30d KHRIFH-FMEGAL, BHEXRAEYFER, BEBNREL
i, -80 CHMRIRIKARTRTT, AF v )5 Bl s 2L A8

HERITEARX: HER (%) =774 ) 42U FME A 1) S E 14 %5 ><100%
R1BHFSEFERERITEE
Table 1 The test of callus induction medium combination

6" AL flR IS

WRBL LA A 24-"FHRE LK (mg/L)
Combination ID (mg/L) 2, 4-D 6-BA
M1 1 0.2
M2 2 0.2
M3 3 0.2
M4 4 0.2
M5 1 0.4
M6 2 0.4
M7 3 0.4
M8 4 0.4
M9 1 0.6
M10 2 0.6
M11 3 0.6
M12 4 0.6

1.3 RNAHRIEN, ¥EREANFHIRELEMDHT

{1 RNAprep Pure Plant Kit (Tiangen Biotech Co., LTD, Beijing, China) #HUFE i A
RNA. f#/f] Nano Drop 2000 (Thermo Fisher Scientific Inc, MA, USA) Il RNA i /& fil4ti
F. fiiH Agilent Bioanalyzer 2100 &4t (Agilent Technologies Inc, CA, USA) ] RNA Nano
6000 il i, 1A RNA SEEIE. BT AR AL s i 2 A w247 3 S 4 43
#r, A5G Reads PP EHmHEAT A% BT RS 0], B e RBR S A ESLM Reads, P2k
K2R Reads, HAFEZLEE N HIHLEIRKT 10%H) Reads LK BRI EE Q<10 HIMHIE %L
oo % Read 1 50% UL L B Reads . F] FA  HiSat2
(http://ccb.jhu.edu/software/hisat2/index.shtml) 1 TopHat2 # ArfS 2| i€ Reads 53l 32
G HEFLNAFEAT R, R StringTie X EEXT ER reads HE4741%%, KA FPKM {E i 3
KA 7KF. ¥ Logo|FoldChange[>2 H. FDR<<0.01 {ENZ SR FiikbriE. Xl (Gene
ontology, http://www.geneontologyorg/) ##& /%, 2 R AL HE TR GO Miesr2K, HS
I KEGG (Kyoto encyclopedia of genes and genomes, https://www.kegg.jp) ¥ Xt 44 7
P ERIENE. FIH Pearson MIPESTE, TBtools #AFATHLAL, HHB RS ERRIE
FEPRUMIA 53 PR 1 (R AH R % p-Vaalue
% 2 qRT-PCR 3|4i& 3t
Table 2 gRT-PCR primer design

BRI
344K 131 4(5-3) K151 9(5-3) C) 1K 1 (bp)

Primer name Forward sequences (5'-3") Revered sequences (5'-3") teAn:Sg?;Ia;E?e Amplification




Phvul.001G023600

(PWot) GGAGATGCTGTATAGAGG GAGTACGAGGACTATGAG 56.6 188
E’Q\owc))(og)souzoo GGTTCCAGAACAGAAGAG  GATCCTATGAGGTGATGATG 58.6 170
E’Q\Yw&ol%();oeegso GTGAAGAGGAGGAACATAG  GGAAGAGTACAGATCAGAG 575 192
fB-actin

(Phvun.011G064500)  CAAGTTCTCTTCCAACCATCC  TTTCCTTGCTCATTCTGTCCG 60.1 200
1.4 R¥R K qRT-PCR 4347

f# FH Prime ScriptTM Reagent Kit {7 # (TaKaRa, RRO37A, Japan) XI#f 5 RNA 47
koo o M NCBI o Jt Ol O M o £ & 9l W &k it
C https://www.ncbi.nim.nih.gov/tools/primer-blast/) qRT-PCR, 1 g4 TAY TEA R A F
% fEH Ultra SYBR Mixture (Low ROX) k76 (Abat BEARFI AR IR A A,
CW2601M, #1[H) #47 qRT-PCR #&ll. DL p-actin(Gene ID:Phvul.011G064500)fF AN 2%
W, FraMREESE 3 WAYEESR, HiEid 270 Fikit SRR REE, fH
TBtools TF£/5 HeatMap Hlustrator £l ik B .

1.5 ZERE WOX EERERREEREARBUIERTH

M TAIR W3 7E 2R FREXL R TR 15 4> WOX JEH S % 52 & 7 51« 78 Phytozome %¢
i JE ( https://phytozome-next.jgi.doe.gov/search-results/Oce888e7-6857-45ae-9506-
068ec08863a2) & M@K EAFHI. HFA gff FIEEFIHTRE A, N Pfam Hd
T#Ek WOX SE[FIBa /R AT KRR (PFO0046) . LAUEETF WOX L[N & (17 5 F 7 17 51,
538 30 S 4 R DR AH 0 e R ) SR SR A3 T BLAST, il FH @S2I B S /R R R AR A e
FI R0 S A A AT AR R, B E-value {H9 0.0001, 3451 5 56 PR A% g A
® A KF F . Mk & WwWOX #E K & B F % i & = CBICDD
Chttp://www.nchi.nIm.nih.gov/Structure/cdd/wrpsb.cgi, http://smart,embl-heidelberg.de) Wk,
BEAT {4 57 45 M3 0 %5 58 M %k, W B E-value {H /T 0.0001. #F] Cell-PLoc [ i
Chttp://www.csbio.sjtu.edu.cn/bioinf/Cell-PLoc-2/) Fitill /341 18 ANl & WOX F ik i i &
HFRALPE T . B AEZR N5 WoLF PSORT  Chttps://wolfpsort.hge.jp/) Tl WOX &[] i V. 4
MisEfL. M NCBI Chttps://www.nchi.nlm.nih.gov/) %4fE 48 % 33845 K & (Glycine max
L.) Mgk (Vigna radiata (L.) Wilczek) () WOX J& K 5 il 12 5145 2
1.6 ZERE WOX EE KRR F IR IER T R ARG LR 5747

KM PIANTCARE #i# % (http://bioinformatics.psb.gent.e/eboolslantcare/html) il 43
BT WOX ZE[KJE 87 o, 18 F TBtools F#2/F gene structure viewer A] #4k 73 47 LA &5
#— B Clustal X BT Z HIF AL 04, BEEFRIH MEGA X BF 2 T-4RiE ik
(Neighbor-Joining, NJ) ##EFEET . WEFTT. SRR T WOX BEPE 5 i 7t 1 & Sk
1. FH Batch sequence search Chttp://pfam.xfam.org/search# tabview =tabl) 7tk ;#7
WOX £ [Rl R 55 25 A 3R AE s R A TBtools F A rT AR Ak fR~F 45 M35 2
1.7 BT WOX EE KL M. #UENREBEEME S

f# /il TBtools i) 7F2/5 Multiple Synteny Plot ¥ ¥5E3 5 . SFFIF AR S 1) WOX ZE[H
LB T AL, [RIRRIA TBtools -7 #2FF Simple Ka/Ks Calculator Xf #E46 & ST 4
Br, SRAGILAMERRPIAER X E#R (Ka) « AXEHE (Ks) M KaKs . FIH
SYRING (https://cn.string-db.org) %k, DA T WOX 22 ik F RN R 17 41, F it
WOX JEK 5 3 HAFM %, Cytoscape 34347 Al WAL > H7

2ERS S

2.1 E@ERE WOX BERRIERRERE. FINFEREEHL T
Rt — 5 T RS S WOX FE R S i 3 7 AR AE, I8 I 4 FE DR AL ) 1 4 5 4y
B, % 18 > WOX FE[H, H¥EHAE O EA B Kk ar 4 N PYWOX1-PvWOX18



(B 1) o FRARPER M 5L, 18 /4> WOX JE K A 53 4 i S S B H YE Bl Dy 177-847
aa, FAX>FEIEEN 20555.8-93061.32 Da, FEiLZEHL S (pl) YA 5.12-9.26. W40
SERLTM A3 4T, 18 A WOX FE K Bk 5 34 5 7 F 4 A% P9, TEBH & 145 5 BKASAE (5 2 B
(HFE D o BE HEETM N, Hd 15 A WOX 3 [ 4 i 1 2 1 DL ih oAy
F, it 47.69%-72.59%, FHUOZE o MRBE. AEAREERD B LM 3> WOX R gwAd i) & 1 LA
o WENEA T, (HHTE 41.27%-41.81%, HUGETLHNG T iEEERT B F A . HD {RSF4S
Fs o, SERFTE, B MRS R AN Q, L, Y BB MRS Mk
TRAFEIEIRIRIEN P, |, L BB SEEIERAEN V., W, F, Q, N, Ry fUFH
PVWOX1/4/6/7/14/16 &4 fR~F ] WUS-box /7 (fRSFEEMR N T, L, L, F, P) o DLE%s
ROrHTaR M, FriE 18 MEFYE T OR 7 I WOX BRI Kkt (B 1) .

helix1 loop helix2 turn helix3

il el e AR R, 5.

4.0

2.0

ATWOXS

ATWOX7

ATWOX] - -
Vr014490519.1 - - - -
Vi014491062.1
Vn)lzd&):

HDZ ik
1EEBRE (Pv) WOX EEZRiEM RRTFEEMIBFIFFEDHT
Fig.1 Analysis of the conserved domain characteristics of the WOX gene family in common bean

BRI TR (B 2) , 2l 11/14/16 MEFEE T WOX H N 5+, 4%
SRR E AR WOX HEp A SR, Hh 11 MFEsE T PyWOX B (AT 1. 2, 4.
6. 9. 10 F1 11 S4fk) pnl 5 THIRIT 1. 2. 3 A1 5 SRR 15 MERIFAAEILE
MR 144 PWOX FER (7 F 1. 2. 4. 6. 7. 8. 9. 10 Al 11 S 4t4k) SR 54E
2. 4. 5, 6. 7. 8. 9 Tk L 24 NEFFAILLM KRR, 16 4> PYWOX K 7351 5K
o 2. 4. 5. 6. 7. 8. 10, 11. 12, 13. 14. 15, 17. 18 A1 20 S 4etofh 3Lt 45
FEPRFAESLZ IR R o I FEIE 000, KIS PYIRR A T WOX [RIJEEE BRI 1) KalKs {8
<1, KW WOX FEHFIWR AFEEERE . WBIT. KE NG EZRAXS R, 240
ke FEAEH

B 2 Li@ENRE (Pv) WOX £ERE. K5 (Gm) . E(VnFlETT (A1) HL&EM S



Fig. 2 Collinearity analysis of WOX gene family across common bean, soybean, mung bean and Arabidopsis

JEFHRRREERE WOX £H
The red font indicates the WOX gene of common bean, and the yellow
IWEITT. LIBERE., KT WOX BHRGH LM

Fig.3 Phylogenetic tree analysis of WOX protein in Arabidopsis, common bean, mung bean and soybean

R IR (B 3) « RFETHERKE. K. S UM IT 4 MM 124
A WOX EER TR 3 KM, Ho s —RH Ay 18 4~ WOX K (FExRE 2
AN, Hid PyWOX6 25 Vr014509941.1 1 GmWOX7 %oy —3%, PYWOX17 5
Vr022641727.1 A—K, KREMMITRIVEEEF T N —28; 5 RKHAE 50 > WOX £
(T 9 4 , Hp B3 G PYWOX1/3/4/5/7/10/14/16/18 43 5] 5 48l 5F 7+ [ 5 2 A
AtWOX3/12/9/4/5/6/10/15 5 H—25; 5 13 MR G AT 20 N K E WOX BESE& R Rifilr; 5
ZREE 56 > WOX 2E[K], 21 NMagE WOX FEK B — A%, 1 7 MEER G S
7 AWEIF. 9 NEEM 12 MRKE WOX EEENS AW, Hp gy
PVWOX2/8/9/11/12/13/15 A K 73 5] 5 Fd I+ AtWOX8/13/7/14/1/2/11 [FJYRHE K N —K,

it e AR B, 18 Ay WOX JE R pk 01 J& 21 /7 A1 L Tl 2 28 AN A FH oo
, BESAEAGIR. AKRERPL SR, WAL T RE TR, 5 FH R
fig Jz MYB B 3R 2550 s 0 tF . Hoh PvWOX3/8/17 K5 “MILRE ” i=(/EH ot
fF; PYWOXL K5 “Fi7RE” AEHufE; PYWOX3/8/15/17/18 &4 43 A 4L 2Rs - PR ik
WEERAIAE R o, SEER, LR WOX R A SHASMFRE . 24EdH
UL Bz N ST (M 2) o A =4S R g6 2t e o, =
KRBT WOX FE K A5 Rl R 5 BT HD RSP S5 M3k, A [R1JE (R R 03 1) B 1 28 () — 4R 4514
FEER R 225, JUHE S — R 2 Ml S 7 WOX B8 B0 7 OR <7 (1) HD g5 i3k 2 41,
AFAE Z ARG SR e 25 A4, 35 AN S — 2RI I8 22 &7 WOX JiE [Al B {57 HD 4544
W2 Ab, IBAFAE 1-2 METERFE a5t S5RRIR, AREBHAS BT WOX 2
IR O, B T BEA RS F IR, TREIEAEEDIRe /i (BRI 3)
22 LERE THRMAHAR B FE R

N TP S S SR HSUR AR O] WOX R, AW AL T AN E
FKE MmN EHHRRE RS ERKY, ARBELLAHE S EE S T A&



AR R ARG AR, WIS 8 o 5L PR 2 Wl o £ 20 23 % AR Bl 2 A R 38
RKECLAHA AL ZER (B 4) . L3965 7F M11 57734 A i R AK, ik 23.33%;
HE M5 H R, 1A 78.33%, S5 HAh 11 MEFRAAGFEREZS, W 1mg/L2, 4-D+
0.4 mg/L 6-BA. L107E M12 iR & H B R 5k, 14 20%; fE4lE M9 R, &
85%, A 11 MEHFEHAAE R EMEZER, Bl 1 mg/L 2, 4-D+0.6 mg/L 6-BA (F5) . H
1, L3965 JE[A A R ke, 7E28 15 ROA M EKEM @GS K, M L10 {554
TRV B B, 7655 30 K L3965 4R F s %a, A YR AR
TR, A& AR B AT .

A. B. CHr 3R L3965 FIMhAME A S4B 1d. 15d A1 30d; D. E. F435I3o% L10 R IREhAME A S:40 22 1d. 15d Al
30d; #5/X=1cm
a, b, c represent callus induced from the hypocotyl explant of L3965 at 1st, 15th and 30th day; d, e, f represent callus induced from the
hypocotyl explant of L10 at 1st, 15th and 30th day; Bar=1cm.
& 4 T RIS SEEA T FEMmIMEF B AR E KIS
Fig.4 Callus induced from hypocotyl explants in two common bean genotypes at three distinct time points

A: L10 AEEFRIEA A IS0 S IRAAME R f 5, B: L3965 ANRRG A & 1 Wil 3 & FIRRAME Ak s BIRR [
FRERIRAE P<0.05 /K LR EHE; FH
A: Callus induction rate of two common bean genotypes across twelve L10 medium combinations , B: Callus induction rate of two
common bean genotypes across twelve L3965 medium combinations ; the different letter indicated significant difference at P<0.05 level ;
The same as below
& 5 NEIEF LA T EBERE T HmIMER A%

Fig.5 Callus induction rate of two common bean genotypes across twelve medium combinations



23 B FANTFHIE K=K ERREEREES T

A FLAEN I 2 A8 G R R @A AU RN 3 AN, Jih 18 NSRRI T E
B SN F, $£3%453 125.01 Gb Clean Data ¥i#%, fANKEM 135453 5.72 Gb Clean
Data 348, Q30 BFE T 43 L T35k 94.78%LL . JFEIAKEREZ L IESS MY Clean Data (5 J5it4
Reads %4 (I ELBIAT Q30 i LK T 90%, i BH #4341 Bt R e o RIS, ey
AT EE TR S REA S AR S R 2 (8 B R AR MR X ) B, QC FE A A VP A
Efae vy, DL g UL AT b 2 R RB R i (B 4) .

B HEREERER, EL. AGNRNEZRER
B R RS A P 2 R AR, EAFRHE WA A B I 22 R R Tl 22 R RIR LR &
BN # e #
Black dots: DEGs set in the current comparison group ; Line: Common DEGs sets in the previous and subsequent two or more
comparison groups.
6 LLE RN T SRR E AGELFEFSHANEFRIAEESE

Fig.6 Comparative transcriptome analysis of DEG sets in common bean callus at three induction periods

PIPRE G EEE T 4 SRR W] (/] 6) , 6 IMEAdH &L % E ] 18,236 MEFHERM: H
H1 L10-1d vs L10-15d, %55E 3 3,554 M3k BRI 4,305 ANk T IHEER; L10-1d vs
L10-30d, %7€ i ERFI R 2k E R #7000 4,536 AT 5,128 4~ L3965-1d vs L3965-
15d 4, %EF| 4,358 MRIE LT 5,514 NFRIE T REER; L3965-1d vs L3965-30d,
JE BIFIL 1 4,319 MRS N 5,676 MR, S H G E R RISFEKAZE ST, 6 NHE
A 1,002 NFEFRIEER; BANHERA K ZE 7R EEREE 58 283 (L10-1d vs
L10-15d) . 1148 (L10-15d vs L10-30d) . 186 (L10-15d vs L10-30d) . 669 (L3965-15d vs
L10-30d) #1335 (L3965-1d vs L3965-30d) -
24 ZRFIEERA KEGG BEHE. RN R K qRT-PCR KHE

Nt — SR ERFREERNF S S5ERENTE. REAESHES®RE, 2505
L10-1d vs L10-30d. L10-15d vs L10-30d. L3965-1d vs L3965-30d 5 L3965-15d vs L3965-30d
A RS e 22 R RIA JE R 45 (445, 1407, 614 A1 928 ML) #HT KEGG &%
Bro £55R3EHA: L10-1d vs L10-30d 5 L10-15d vs L10-30d % R RiAF [N, £ B 5 LA LNE
& (Ribosome) . MY EESHS (Plant hormone signal transduction) . HE47)-7% JF 4k H.
fEiE % (Plant-pathogen interaction) 1 MAPK 15 5@ -84 (MAPK signaling pathway-
plant) 4R %1%, 1M L3965-1d vs L3965-30d 5 L3965-15d vs L3965-30d % 7 FIAFHE A,
T EE EE AU (Carbon metabolism) ¥ EE 5 S (Plant hormone signal



transduction) . 2K A ki 59 i 4 4 & % ( Phenylpropanoid biosynthesis ) 45 3@ % C it &
5) o SRR 5 Sl S G B H R I R T R R .

A: PYWOXs J I 75 N8 38 S ity A 7 4 S e ] (] ik, e (B A (U R R B RRGA B ;. B: PYWOXs 2 (7]
5@ AR IERIE; C: qRT-PCR Uil PYWOX1/15/16 JE [F e sRAARRS Rk By >, **fl***7) ji| %R 7E P<0.05. P<0.01 Al
P<0.001 KV EZEREE; NG TEEORTE P<0.05 K L2503
A: The expression pattern of PvWOXs gene during the callus induction formation periods for two common bean varieties; the color level
change value indicates the level of gene expression; B: The correlation heatmap illustrating the relationship between PvWOXs and callus
induction rate; C: The relative expression patterns of FPKM value for 3 WOX gene identified through gRT-PCR; * and ** indicated
significant difference at P<0.05 and P<0.01 P<0.001 levels, respectively;the different letter indicated significant difference at P<0.05
level
7 EFARIL wox EREFIZERE . HXMED K qRT-PCR ik
Fig.7 Expression pattern analysis of differentially expressed wox genes, correlation studies and gRT-PCR
validation
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RERAFREEREZENMRK, HERHN-0.88 F1-0.91 (B 7B) . N T WiEH 54 50305 v
P, EHCE HE ARG 3 S WOX JER AT gRT-PCR Bk, HAHX KA E 5 H 5
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BN, & 6.2F1 3.1 f%; PvWOX15 [ 7E L10-30 d A1 L3965-30 d AHXT KA &Y Fiff,
4350k 1.8 F1 3.4 1%; PYWOX16 7£ L10-15d Fl1 L3965-15 d kX =ik & Eif 1.1 F1 2.3 %, 1
7f L10-30d F1 L3965-30d Xt REE T 1.4 F1 1.7 5 (B 7C) . A HEATKBL,
PVWOX15/16 #HXF ik mAE L3965-15d it T L10-15d, & 1.6-3.5 fi%, MEmiX 2 NJERIAT
e 5 L3965 H @i (R A . 48 LATIR, PYWOX1/15/16 JE K ik 5 Pl 38 & @A 4143
RIERAAIC, W RERZA AN [F) R A AR IR Ak AR tH & s TR A @A 2 S UIRAS

2.5 ZREIE WOX A FAEE AT
K 8 fia, #E—2%F PYWOX1/15/16 =A 7 R K3 TE A HAE T, HRIEACEEAM
VE @M WK, — 2K A FE PWOXL ( Phvul.001G023600 ) FiI  PvWOX16

( Phvul.009G066960 ) ; H: ' PvWOX1 5 Phvul.003G167400 (&5 ¥z & 1k &5 K4k & A
BRIZ1) . Phvul.005G181500(; BRAP2 &4k ). Phvul.007G088600 (% PA & I AH
KEEMIIRD . Phvul.002G231100 (B AREEH B ER B EREE ) A1 phvul.009G050600 (4t A&
HF3, KPNB1) % 18 ANE A HE. PYWOX16 5 Phvul.007G054700( K %1 2 1)
Phvul.003G119500 (4 itk ek 2 45 ) « Phvul.005G105800 (& DUF Z5HisE )
Phvul.011G113400 (¥ DUF #4525 H) + Phvul.009G208500 (LRR %1442 % R/ 75 2 IR
H¥E) A1 Phvul.001G244800 (A2 —J5-50-E-O- LBt RS RE) 6 NERA AR, 43 HER
F| RNA ¥iz. 555 5. 2Rk, Hims s DL E AR5 KEGG ALl
#: A —% PYWOX15 115 Phvul.003G151600 & FAfA7E HAE K R, 123 K 4 it K 18
BB, WA AR RS R AR A RIS R .

A: Pvwox1 #1 Pvwox 16 5 [ HAER 4 B: Pvwox15 & (A HAEM S AR EMRE HAEME, B/ MRR BAEREHR
A: Protein interaction network analysis of Pvwoxland Pvwox 16; B: Protein interaction network analysis of Pvwox 15; the linear
roughness represents the interaction intensity, and the circle size represents the number of interacting genes
E 8 EFFiX WOX EEEREIEMLE

Fig.8 Protein interaction network analysis of three differentially expressed WOX genes
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HD S5 Fs it — 2856 K, SR HD S5M380 60 /NS B ik 5t 41 Rl g i — A — g e —
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VI WOX B R [FIJR R R B A (R 57 H 2 R AP Thag .
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