
Gene Primer Sequence (5’-3’)

Actin Act-F TTAACCCCAAGGCCAACAG

A

Act-R TCCCTCATAGATTGGTACA

GTATGAGAC

CBF1 CBF1-F CCTTATCATCTCCGTGTTC

GCGTT

CBF1-R CTCTTAACTGGCTGTGTGT

GTGAAATCT

CBF2 CBF2-F AGGAGAGTGTTTAAGGAGA

CACGTCA

CBF2-R GCAGCCATTTCTGGAGAAG

GATAGG

CBF3 CBF3-F CAGAAGCATTCAGGCTGTC

CC

CBF3-R CTTCGTATCATCATCATCAT

ACTCACA

Table S1. Primers used for relative gene expression in citrus fruit.



Table S2. Percent identity matrix of deduced amino acid sequences of CBFs from sweet orange (this work). 

Arabidopsis [15]. grape [40] and tomato [22].The identity matrix was created using CLUSTAL Omega 

(https://www.ebi.ac.uk/Tools/msa/clustalo/).

                       1      2       3       4       5       6       7       8        9      10      11      12 

     1: CitrusCBF1  100.00   60.77   59.47   62.31   60.89   61.88   50.99   49.28   65.53   60.61   62.56   67.01 

     2: CitrusCBF2   60.77  100.00   72.82   53.85   50.24   52.61   46.86   43.84   56.34   54.63   53.74   58.50 

     3: CitrusCBF3   59.47   72.82  100.00   57.45   53.40   54.45   50.27   50.79   62.90   56.42   56.68   57.87 

     4: AtCBF1       62.31   53.85   57.45  100.00   87.79   88.21   46.57   49.28   61.62   59.90   57.00   61.17 

     5: AtCBF2       60.89   50.24   53.40   87.79  100.00   87.44   44.66   45.28   58.21   58.25   55.67   60.53 

     6: AtCBF3       61.88   52.61   54.45   88.21   87.44  100.00   46.60   46.23   62.19   62.69   58.13   61.90 

     7: VvDREBA1-6   50.99   46.86   50.27   46.57   44.66   46.60  100.00   63.03   49.25   52.33   51.52   51.32 

     8: VvDREBA1-7   49.28   43.84   50.79   49.28   45.28   46.23   63.03  100.00   47.29   52.31   50.49   49.74 

     9: VvDREBA1-1   65.53   56.34   62.90   61.62   58.21   62.19   49.25   47.29  100.00   60.29   58.96   65.69 

    10: SlCBF1       60.61   54.63   56.42   59.90   58.25   62.69   52.33   52.31   60.29  100.00   83.73   72.28 

    11: SlCBF2       62.56   53.74   56.68   57.00   55.67   58.13   51.52   50.49   58.96   83.73  100.00   72.28 

    12: SlCBF3       67.01   58.50   57.87   61.17   60.53   61.90   51.32   49.74   65.69   72.28   72.28  100.00 

 



Treatment Harvest 1d 5d 14d 28d 35d 58d

Meyer non-covered -0.28 a 0.06 a -0.43 -0.44 a -0.34 -0.51 -0.38

Meyer covered -0.67 b -0.54 b -0.68 -1.06 b -0.55 -0.21 -0.62

Marsh non-covered -0.99 -0.99 -0.97 -0.66 -0.74 -0.96 -1.01

Marsh covered -0.66 -0.88 -0.80 -0.83 -0.86 -0.76 -0.71

Salustiana non-covered 4.20 4.89 3.83 4.54 3.68 4.56 4.43

Salustiana covered 4.20 4.07 4.30 4.47 4.31 4.86 4.07

Table S3. Fruit color (ICC values) at harvest time and during cold storage of Meyer, Marsh, Salustiana and Fortune non-

covered and covered fruit. 
*Means of non-covered and covered fruit from each citrus cultivar followed by different letters showed significant differences (Tukey 

p<0.05).



Figure S1. Alignment of Citrus sinensis CBF

proteins and other plant CBFs .The alignment of

CBF proteins was created using CLUSTAL W

program. Numbers on the right denote the number

of amino acid residue. Residues identical for all the

sequences in a given position are in white text on a

black background and 75 to 100% homologue

residues are presented on grey background. The

sequences used to generate the alignment and their

accession numbers are as follows: : Citrus CBF1

(orange1.1g028094m). CBF2 (orange1.1g026103m)

and CBF3 (orange1.1g029015m) ; Arabidopsis

thaliana AtCBF1 (AT4G25490.1). AtCBF2

(AT4G25470.1) and AtCBF3 (AT4G25480.1);

Solanum lycopersicum SlCBF1 (Q8S9N5). SlCBF2

(XP_004234350.1) and SlCBF3 (AAS77819.1); Vitis

vinifera VviDREBA1-6 (MF445008). VviDREBA1-7

(MF445009 ) and VviDREBA1-1 (MF445007). The

CBF characteristic motifs : PEST motif (grey).

PKKPAGR motif (pink). AP2 domain (yellow).

DSAWRL motif (blue). A(A/V)xxA(A/V)xxF motif

(green). LWSY motif (red) and the C-terminus

hydrophobic clusters (black). are marked in citrus

CBF1. The conserved motifs of AP2 domain (YRG.

WLG. and RAHD. and V14 and E19) and marked

with asterisks.

CitrusCBF1    1 MDSL-----------SSW----SS-PES----RVGNFSDEDVVLLASSNPKKRAGRKKFR 

CitrusCBF2    1 MDILFGQVSDPGLTDNKPESSTQSDASSTAPPRRGAHSDEEVVLLATSRPKKRAGRRVFK 

CitrusCBF3    1 MDCI----------------------SSQGELLTHTQTTKFNYRLATSSPKKRAGRRVFR 

AtCBF1        1 MNSFSAFS----------------EMFGSDYEP---QGGDYCPTLATSCPKKPAGRKKFR 

AtCBF2        1 MNSFSAFS----------------EMFGSDYESPVSSGGDYSPKLATSCPKKPAGRKKFR 

AtCBF3        1 MNSFSAFS----------------EMFGSDYESSVSSGGDYIPTLASSCPKKPAGRKKFR 

VvDREBA1-6    1 MESER------------DQS----SPSSS-----SSSSQTKCSISSSPVHKRKAGRKKFR 

VvDREBA1-7    1 MDLDR------------ESSASSSSPTSSPSRANPVSSDSRCP-SRCIPHKRKTGRKKFR 

VvDREBA1-1    1 MNTTSPPYSDPHPLVCNW----DSLN------LPDSDGGSEELMLASTHPKKRAGRKKFR 

SlCBF1        1 MNIFETYYSDSLILTESS----SSSS--------SSSFSEEEVILASNNPKKPAGRKKFR 

SlCBF2        1 MDIFESYYSNSFVESLLS----SSLSISDTNNLNHYSPNEEVIILASNNPKKPAGRKKFR 

SlCBF3        1 -----MFYSDPRIESCSS----FSDSI-------RANHSDEEVILASNNPKKPAGRKKFR 

 

 

CitrusCBF1   41 ETRHPVYRGVRRRDSGKWVCEVREPNKKSRIWLGTFPTAEMAARAHDVAAIALRGRLACL 

CitrusCBF2   61 ETRHPIFRGVRMRNNNKWVCELREPNKQTRIWLGTYPSPEMAARAHDVAALALRGKSACL 

CitrusCBF3   39 ETRHPIFRGVRMRNNNKWVCELREPNKKSRIWLGTYPTPEMAARAHDVAALALRGKSTCL 

AtCBF1       42 ETRHPIYRGVRQRNSGKWVSEVREPNKKTRIWLGTFQTAEMAARAHDVAALALRGRSACL 

AtCBF2       45 ETRHPIYRGVRQRNSGKWVCELREPNKKTRIWLGTFQTAEMAARAHDVAAIALRGRSACL 

AtCBF3       45 ETRHPIYRGVRRRNSGKWVCEVREPNKKTRIWLGTFQTAEMAARAHDVAALALRGRSACL 

VvDREBA1-6   40 ETRHPVYRGVRQRNGNRWVCEVRDPKNKSRIWLGTFPTPEMAARANDVAALAFRGDFAAL 

VvDREBA1-7   48 KTRHPIYRGVRQRNENKWVSEVREPSKKSRIWLGTFPTPEMAARAHDAAALALRGHFASL 

VvDREBA1-1   51 ETRHPVYRGVRRRNSGKWVCEVREPNKTSRIWLGTFPTAEMAARAHDVAALALRGRGACL 

SlCBF1       49 ETRHPIYRGIRKRNSGKWVCEVREPNKKTRIWLGTFPTAEMAARAHDVAALALRGRSACL 

SlCBF2       57 ETRHPVYRGIRKRNSGKWVCEVREPNKKTRIWLGTFPTAEMAARAHDVAAIALRGRSACL 

SlCBF3       45 ETRHPVYRGVRKRNSGKWVCEVREPNKKTRIWLGTFPTAEMAARAHDVAAIALRGRSACL 

 

 

CitrusCBF1  101 NFADSSWRLPLPASTDPKDIQKAAAEAAEAFRPEKDLRRGDDKMD-E---------E--- 

CitrusCBF2  121 NFADSVWRLPVPASTDAKDIRKAAAEAAEAFRPRDDELEESNIHHVKLEEV----QK--- 

CitrusCBF3   99 NFADSAWRLPVPASADADDVRKAAAEAAEAFRLSHDDED--------------------- 

AtCBF1      102 NFADSAWRLRIPESTCAKDIQKAAAEAALAFQDETCDTTTTNHGL-DMEET----MV--- 

AtCBF2      105 NFADSAWRLRIPESTCAKEIQKAAAEAALNFQDEMCHMTTDAHGL-DMEET----LV--- 

AtCBF3      105 NFADSAWRLRIPESTCAKDIQKAAAEAALAFQDEMCDATT-DHGF-DMEET----LV--- 

VvDREBA1-6  100 NFPDSTSRLPRAKSSSARDIQVAALAAAMAFRPAAPSSSSSHIS--HV-TACSEELETSC 

VvDREBA1-7  108 NFPDSAWRLPRARSSSAGDVQFAAIQAAKAFQQPPSSSSSTPFVMDNMSAGSRKILETSS 

VvDREBA1-1  111 NFADSAWRLHVPSSRDAKDIQKAAAEAAEAFRPMENDGVMQDER---------------- 

SlCBF1      109 NFSDSAWRLPIPASSNSKDIQKAAAQAVEIFRSEEVSGESPETS---------------- 

SlCBF2      117 NFADSVWRLPIPASSNSKDIQKAAAEAAEIFRSEEVSGESPETS---------------- 

SlCBF3      105 NFADSAWRLPTPDSSDTKDIQKAAAQAAEIFRPLKSEEEESVVK---------------- 

 

CitrusCBF1  148 ---------------------EAAERTTMSDDVFFMDEEAVFGMPRLLTNMAEGMLLPPP 

CitrusCBF2  174 --------------------TMQENTLL-PENVLYMDEHAVFDMPGLLADMAEGLLLSPP 

CitrusCBF3  138 --------------------QFEENGLLPEKNVFYMDEEAVFDMPGLLVNMAEGLLLSPP 

AtCBF1      154 ---------------------EAIYTPEQSEGAFYMDEETMFGMPTLLDNMAEGMLLPPP 

AtCBF2      157 ---------------------EAIYTPEQSQDAFYMDEEAMLGMSSLLDNMAEGMLLPSP 

AtCBF3      156 ---------------------EAIYTAEQSENAFYMHDEAMFEMPSLLANMAEGMLLPLP 

VvDREBA1-6  157 SEDSPQLESRKKVVGVTLEDSESSQSAPHVSSTVFMDEEALFNMPGLINSMAEGLLLAPP 

VvDREBA1-7  168 VVDTPQLKSQKKVVGVSSMDSKRREKAGDGFPTAFVDEEAMFNMPGLIDSMAEGLLLTPP 

VvDREBA1-1  155 ---------------------REESEVRTPDNVFVMDEEDVFGMPGLLVNMAEGLLMPPP 

SlCBF1      153 --------------------------ENVQESSDFVDEEAIFFMPGLLANMAEGLMLPPP 

SlCBF2      161 --------------------------ENVQESSDFVDEEALFSMPGLLANMAEGLMLPPP 

SlCBF3      149 ------------------------DQSTTPDDMFFMDEEALFCMPGLLTNMAEGLMVPPP 

 

 

CitrusCBF1  187 PPPQSNCGGYEED-------DVESNADVSLWSYSV-- 

CitrusCBF2  213 PLLFGD----DDVMKWDYHNNGESDGCVSLWSHSI-- 

CitrusCBF3  178 PLLIGCEYDDDDDTKWND----------YIWGH---- 

AtCBF1      193 SVQWNHNYDG-----------EGD-GDVSLWSY---- 

AtCBF2      196 SVQWNYNFDV-----------EGD-DDVSLWSY---- 

AtCBF3      195 SVQWNHNHEV-----------DGDDDDVSLWSY---- 

VvDREBA1-6  217 TMLGGFSWDD-----------TTSYTDLSLWNDD--- 

VvDREBA1-7  228 AMCEGFSWDD-----------AVSHIDLSLWNHDFLS 

VvDREBA1-1  194 HSVADGYGGD--D-------M-AADADMSLWSYSI-- 

SlCBF1      187 QCAEMGDHCV--E-------TDA--YMITLWNYSI-- 

SlCBF2      195 QCLEIGDHYV--E-------LADVHAYMPLWNYSI-- 

SlCBF3      185 QCTEMGDHVE--A------------DDMPLWSYSI— 

*** *** ***** *


