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Genome-wide identification and expression of the HB gene family during

overwintering in Korla pear (Pyrus sinkiangensis)
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Shihezi 832000, Xinjiang, China)

Abstract: [Objective] The HB (Homeobox) family of transcription factors plays a crucial role in regu-
lating plant organ development and responding to both abiotic and biotic stresses. This study aims to
elucidate the expression patterns and regulatory mechanisms of HB gene family members in Pyrus sinki-
angensis during the overwintering process, providing a theoretical foundation for further exploration of
the biological functions of the HB gene family in this species. [Methods] Based on the whole-genome
database of P. sinkiangensis, bioinformatics tools were utilized to identify members of the HB gene fam-
ily. Comprehensive analyses were performed, including phylogenetic relationships, chromosomal local-
ization, gene structure, promoter cis-acting elements and family-wide collinearity. In addition, differen-
tial expression patterns of these genes during the overwintering process were examined using transcrip-
tome data. [Results] A total of 93 HB gene family members were identified in the P. sinkiangensis ge-
nome through bioinformatics approaches. Analysis of the physicochemical properties of these HB pro-
teins revealed that their lengths ranged from 176 to 1196 amino acids, with isoelectric points (pl) rang-
ing from 4.69 to 9.32. More than 75% of these proteins had a pl below 7.0, suggesting that the HB
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genes in P. sinkiangensis likely encoded acidic proteins. The molecular weight of these proteins ranged
from 20.18 ku to 135.08 ku, with PsHB69 being the largest and PsHB74 the smallest. Among all mem-
bers, only PsHBS5 contained a signal peptide, while the remaining members lacked signal peptides, indi-
cating that the majority were not secreted proteins. Subcellular localization analysis showed that six
members (PsHB90, PsHB54, PsHB15, PsHB48, PsHB36 and PsHB12) were localized in the chloro-
plast, while the others were localized in the nucleus. Chromosomal localization analysis revealed that
the 93 HB gene family members were distributed across 17 chromosomes (Chr01-Chr17) in P. sinkian-
gensis. On chromosome 15, the highest number of HB members was distributed, totaling 12, while the
other chromosomes contained 2 to 9 members each. Additionally, two pairs of closely located members
on chromosomes 9 (PsHB46 and PsHB47) and 17 (PsHB92 and PsHB93) exhibited high sequence simi-
larity. All four belonged to the HD-ZIP IV subfamily, suggesting that these pairs may have resulted
from tandem duplication events. Phylogenetic analysis indicated that the HB gene family in P. sinkian-
gensis, along with Arabidopsis and Malus domestica, can be divided into eight subfamilies based on the
classification of the Arabidopsis HB gene family and the HD-ZIP [-1V gene families in Malus domesti-
ca. Among these subfamilies, HD-ZIP I and HD-ZIP 1V contained the most members, with a total of 34
genes. In P. sinkiangensis, all HB members contained exons, with the number ranging from 2 to 20.
Each HB gene in P. sinkiangensis contained a coding sequence (CDS) region, although 59 members
lacked untranslated regions (UTRs). Conserved domain analysis of these proteins revealed that all mem-
bers possessed the HD domain, and a total of 25 types of domains were identified among the 93 mem-
bers. Besides the HD domain, the Homeodomain-associated Leucine Zipper (HALZ) domain was the
most abundant, which was thought to mediate protein-protein interactions. Collinearity analysis of the
HB gene family in P. sinkiangensis revealed 70 pairs of collinear genes. Interestingly, PsHB genes on
chromosomes 8 and 15 appeared as tandem duplicates but belonged to different subfamilies. Further ex-
amination of the Ka/Ks ratio of these duplicated genes revealed values ranging from 0.06 to 0.49.
Among the 70 pairs of collinear genes in P. sinkiangensis, 67 pairs had a Ka/Ks ratio of less than 1, indi-
cating that these genes were under purifying selection and that their sequences were conserved through-
out evolution. A cis-acting element analysis of the 2000 bp upstream promoter regions of the P. sinkian-
gensis PsHB gene family members identified 12 types of cis-elements related to plant hormone and
stress responses. Among these, 78.49% of the PsHB genes contained an abscisic acid-responsive ele-
ment (ABRE), and 50.54% contained gibberellin-responsive elements (P-box and GARE-motif). This
suggested that the B gene family may play a role in mitigating environmental stress through hormone-
mediated pathways. Additionally, 41.94% and 54.84% of the PsHB genes contained low-temperature re-
sponsive elements (LTR) and drought- responsive elements (MBS), respectively. Transcriptome data
analysis during three stages of the overwintering process in P. sinkiangensis revealed that 39 out of the
93 PsHB genes were differentially expressed. Of these differentially expressed genes, more than half
(23 genes) showed peak expression during the coldest period in January (TM), 11 genes had the highest
expression at the end of the overwintering period in March (TF), and the remaining 5 genes exhibited
the highest expression at the beginning of overwintering in October. Notably, during the coldest period
in December, PsHB1I and PsHB78 were upregulated by 10.5-fold and 7.0-fold, respectively, indicating
that these two genes may play a significant role during bud dormancy. Approximately 42% of the HB
genes were significantly and differentially expressed during the overwintering period, with the majority
reaching their peak expression in December, the coldest month, suggesting that the PsHB gene family

played a critical role in cold stress resistance. [Conclusion] The expression patterns of the 93 PsHB
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gene family members varied across different stages of the overwintering process. These findings pro-

vide new insights into the functional roles and regulatory mechanisms of HB genes in response to cold

stress, laying a foundation for genetic improvement and environmental adaptability research in P. sinki-

angensis.
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Table 1 HB gene family characteristics of Pyrus sinkiangensis

B[R 44 R R 1D ALK AR ST SN {55k V24 ffd 5 ir
Gene name Gene ID Protein length/aa MW/kDa PI Signal peptide Subcellular localization
PsHBI Psin01G003020 371 41.36 5.16 No i Hfi 1% Nucleus
PsHB2 Psin01G004170 824 89.49 5.97 No 41 #% Nucleus
PsHB3 Psin01G007480 243 27.76 4.94 No 411 #% Nucleus
PsHB4 Psin01G011730 176 20.18 8.76 No 41 #% Nucleus
PsHBS Psin01G015770 811 89.67 5.83 Yes 411 #% Nucleus
PsHB6 Psin01G018160 236 27.44 5.18 No 41l i% Nucleus
PsHB7 Psin02G001270 371 42.00 5.42 No 41l % Nucleus
PsHBS Psin02G007830 277 31.95 6.76 No i % Nucleus
PsHB9 Psin02G013720 289 32.10 8.31 No 41 Ml i% Nucleus
PsHBI0 Psin02G023910 368 40.92 6.35 No 4 % Nucleus
PsHBI1 Psin03G007200 245 28.12 8.23 No 4 % Nucleus
PsHBI2 Psin03G008180 843 92.41 6.06 No It 244 Chloroplast
PsHBI3 Psin04G003580 288 32.83 6.31 No 4 1% Nucleus
PsHBI4 Psin04G012400 329 36.62 5.32 No 4 il #% Nucleus
PsHBIS Psin05G020650 852 92.90 6.03 No IH-£3:4% Chloroplast
PsHBI6 Psin05G023400 409 45.19 7.86 No 4l A% Nucleus
PsHBI17 Psin05G026110 736 80.81 5.70 No 4l A% Nucleus
PsHBIS Psin05G026820 381 42.47 6.28 No 4l A% Nucleus
PsHBI9 Psin06G000780 221 25.56 4.85 No i % Nucleus
PsHB20 Psin06G006440 286 32.64 6.31 No 41 #% Nucleus
PsHB21 Psin06G007660 680 75.81 6.35 No 1 #% Nucleus
PsHB22 Psin06G013140 352 39.35 5.30 No 4f i t% Nucleus
PsHB23 Psin06G014330 324 36.39 4.69 No 4% Nucleus
PsHB24 Psin06G018210 752 83.25 6.39 No 4f i % Nucleus
PsHB25 Psin07G000160 370 41.02 7.22 No 41 #% Nucleus
PsHB26 Psin07G012370 242 27.94 4.83 No i i 1% Nucleus
PsHB27 Psin07G016270 179 20.34 9.15 No 42 #% Nucleus
PsHB28 Psin07G019720 808 87.81 5.43 No ML #% Nucleus
PsHB29 Psin07G021980 231 26.71 6.27 No 41 Ml i% Nucleus
PsHB30 Psin08G001850 590 65.75 5.59 No 4 % Nucleus
PsHB31 Psin08G001860 439 48.35 6.12 No i % Nucleus
PsHB32 Psin08G003340 567 63.18 6.29 No iM% Nucleus
PsHB33 Psin08G005490 399 45.25 6.06 No 4 % Nucleus
PsHB34 Psin08G005500 303 34.21 6.73 No 4f Ml % Nucleus
PsHB35 Psin08G007010 239 26.82 9.26 No 4 1% Nucleus
PsHB36 Psin08G008400 844 92.94 5.90 No 4il il J5 Cytosol
PsHB37 Psin08G011400 450 50.03 5.86 No 1A% Nucleus
PsHB38 Psin08G014640 277 31.38 5.58 No 4l A% Nucleus
PsHB39 Psin09G002810 334 37.92 5.25 No 4l A% Nucleus
PsHB40 Psin09G003930 302 34.31 6.39 No 4l A% Nucleus
PsHB41 Psin09G007830 747 81.26 5.50 No 4l A% Nucleus
PsHB42 Psin09G008500 333 37.59 6.46 No 1 #% Nucleus
PsHB43 Psin09G012920 1186 133.97 8.35 No i1 #% Nucleus
PsHB44 Psin09G015610 838 91.88 6.03 No i il % Nucleus
PsHB45 Psin09G015920 762 84.69 6.17 No i1 #% Nucleus

PsHB46 Psin09G021490 696 77.46 5.76 No 41 #% Nucleus
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B PSR i SEHID HAKE AN ST EREZI/N 720 P 5
Gene name Gene ID Protein length/aa MW/kDa PI Signal peptide Subcellular localization
PsHB47 Psin09G021500 683 77.24 6.57 No i i #% Nucleus
PsHB48 Psin10G019220 851 93.19 5.96 No 14 Chloroplast
PsHB49 Psin10G021900 407 44.69 6.99 No 4f i Nucleus
PsHB50 Psin10G024530 740 80.93 5.80 No i i Nucleus
PsHB51 Psin10G025380 389 43.58 6.30 No 2 fut% Nucleus
PsHBS2 Psin11G007500 271 30.48 8.52 No 2 fut% Nucleus
PsHBS3 Psin11G008270 237 27.19 8.75 No 2 9% Nucleus
PsHB54 Psin11G009430 841 92.15 6.02 No 2344 Chloroplast
PsHBSS Psin12G002960 344 38.04 8.17 No 41 1% Nucleus
PsHBS56 Psin12G006790 253 29.22 8.65 No 411f4% Nucleus
PsHBS57 Psin13G002240 317 35.51 8.86 No 41 4% Nucleus
PsHBS58 Psin13G006180 289 32.94 5.89 No 4l 4% Nucleus
PsHBS59 Psin13G018400 242 27.23 7.53 No 21 1% Nucleus
PsHBG0 Psin14G000940 279 30.61 6.09 No 21 1% Nucleus
PsHBGI Psin14G004450 336 37.17 8.69 No L% Nucleus
PsHBG2 Psin14G004470 190 22.01 9.32 No i i #% Nucleus
PsHB63 Psin14G008570 232 26.98 8.61 No L% Nucleus
PsHBG64 Psin14G009540 687 76.77 6.46 No L% Nucleus
PsHBG65 Psin14G014830 347 38.77 5.29 No YN Afuf% Nucleus
PsHBG66 Psin14G015230 324 36.40 4.95 No N A% Nucleus
PsHBG67 Psin14G019400 377 42.92 6.58 No % Nucleus
PsHBGS Psin14G020110 709 78.17 6.24 No N Ai% Nucleus
PsHB69 Psin15G001620 585 65.53 5.80 No 4f i F% Nucleus
PsHB70 Psin15G004780 567 63.45 6.14 No i1 #% Nucleus
PsHB71 Psin15G005000 397 44.99 6.03 No 41 i #% Nucleus
PsHB72 Psin15G005010 303 34.24 6.60 No 4f 1% Nucleus
PsHB73 Psin15G006240 255 28.59 8.86 No i % Nucleus
PsHB74 Psin15G007270 842 92.81 5.90 No 2 % Nucleus
PsHB75 Psin15G012200 438 48.91 6.07 No 2 4% Nucleus
PsHB76 Psin15G018570 277 31.61 5.61 No 2 9% Nucleus
PsHB77 Psin15G019670 325 35.67 6.79 No 41 1% Nucleus
PsHB7S8 Psin15G024130 289 32.11 8.07 No 21 f94% Nucleus
PsHB79 Psin15G025160 329 37.34 5.22 No 41 4% Nucleus
PsHBS80 Psin15G030500 274 31.14 5.79 No 411 f24% Nucleus
PsHBSI Psin16G002300 221 24.92 8.94 No 21 1% Nucleus
PsHBS?2 Psin16G006270 286 32.58 6.01 No 28 1% Nucleus
PsHBS3 Psin16G006540 327 37.15 4.82 No ZH 1% Nucleus
PsHB84 Psin16G018450 232 26.38 7.52 No #H L% Nucleus
PsHBS5 Psin17G002660 333 37.74 5.13 No #H 1% Nucleus
PsHBS86 Psin17G003610 303 34.18 6.43 No 1% Nucleus
PsHBS87 Psin17G007530 758 82.52 5.46 No L% Nucleus
PsHBSS Psin17G008050 327 36.87 6.27 No YN A% Nucleus
PsHBS9 Psin17G012050 1196 135.08 8.16 No YN A% Nucleus
PsHB90 Psin17G015080 932 102.94 6.50 No 415t Cytosol
PsHBYI Psin17G015420 760 84.52 5.78 No N A#% Nucleus
PsHBY2 Psin17G021300 698 77.24 6.46 No i1 i F% Nucleus

PsHB93 Psin17G021310 684 77.21 6.71 No 41 L #% Nucleus
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Fig.1 Chromosome localization analysis of HB gene family in P. sinkiangensis
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Fig. 3 HB gene structure and the conserved domains of the encoded proteins in P. sinkiangensis

R2 ETR#MER HB ERERRHELM XA KRIEE B3R (Ka) F[E] &3 (Ks)
Table 2 Collinearity of HB gene family and non-synonymous replacement rate (Ka) and synonymous replacement rate (Ks)

in P. sinkiangensis

LN FFA 1 LN FFEA 2 LA 1 LA 2

Collinear sequence 1 Collinear sequence 2 Ks Ka/Ks Collinear sequence 1 Collmear sequence 2 Ks Ka/Ks
PsHBI PsHB38 0.34 - - PsHB9 PsHB34 0.31 2.58 0.12
PsHBI PsHB79 0.05 0.33 0.15 || PsHBY PsHB72 0.34 2.64 0.13
PsHB1 PsHBS80 0.32 - - PsHB9 PsHB78 0.03 0.11 0.30
PsHB3 PsHB26 0.05 0.13 0.40 || PsHB10 PsHB25 0.06 0.14 0.44
PsHB3 PsHB29 0.49 431 0.11 || PsHBI10 PsHB61 0.36 2.02 0.18
PsHB3 PsHB6 0.41 270 0.15 | PsHBII PsHB53 0.07 0.15 0.44
PsHB4 PsHB27 0.03 0.12 0.29 || PsHBI2 PsHB54 0.02 0.21 0.09
PsHBS PsHB28 0.06 0.17 0.32 || PsHB13 PsHB20 0.01 0.24 0.06
PsHB6 PsHB26 0.49 1.83 0.27 || PsHBIS PsHB48 0.02 0.18 0.09
PsHB6 PsHB29 0.06 0.22 0.28 || PsHBI6 PsHB49 0.05 0.16 0.32
PsHBS PsHB19 0.21 1.33 0.16 | PsHBI7 PsHB41 0.14 1.66 0.09
PsHBS8 PsHB76 0.07 030  0.23 | PsHBI7 PsHB50 0.02 0.12 0.18




10 S N Ha2%
%2 (%) Table2 (Continued)

HHoR HEoR H ok HE 2R T
(/Eﬁjlalrrl%g sﬁequlllence 1 (/Eﬁjl?rrig s@qience 2 Ks Ka/Ks (/Zflkhrrig sﬁeiqullence 1 éfljljrrij :jequence 2 Ks Ka/Ks
PsHB17 PsHBS87 0.13 1.60 0.08 || PsHB39 PsHB85 0.04 0.19 0.22
PsHBIS PsHB42 0.28 2.02 0.14 || PsHB40 PsHBS5S 0.25 1.94 0.13
PsHBIS PsHBS51 0.03 0.22 0.12 || PsHB40 PsHBS2 0.24 1.55 0.15
PsHBIS PsHBSS 0.32 2.06 0.16 || PsHB40 PsHB86 0.03 0.17 0.16
PsHB21 PsHB64 0.04 0.20 0.18 || PsHB41 PsHBS87 0.02 0.12 0.15
PsHB22 PsHBG6S5 0.06 0.13 0.49 || PsHB42 PsHBS51 0.26 2.16 0.12
PsHB23 PsHB66 0.05 0.14 0.32 || PsHB42 PsHBSS 0.06 0.30 0.21
PsHB23 PsHBS3 0.32 1.56 0.21 || PsHB43 PsHB89 0.05 0.14 0.34
PsHB24 PsHB6S 0.06 0.25 0.24 || PsHB44 PsHB74 0.11 1.44 0.07
PsHB25 PsHB61 0.36 1.95 0.18 || PsHB44 PsHB90 0.02 0.19 0.10
PsHB26 PsHB29 0.46 2.35 0.20 || PsHB45 PsHB91 0.02 0.13 0.14
PsHB30 PsHBG69 0.05 0.25 0.22 || PsHB46 PsHB9?2 0.07 0.19 0.37
PsHB32 PsHB70 0.06 0.18 0.35 || PsHBS51 PsHBSS 0.30 2.21 0.13
PsHB33 PsHB71 0.02 0.16 0.10 || PsHB56 PsHB63 0.07 0.18 0.37
PsHB34 PsHB72 0.03 0.16 0.18 || PsHB57 PsHBS1 0.04 0.16 0.24
PsHB34 PsHB78 0.34 1.95 0.17 || PsHB58 PsHBS2 0.02 0.24 0.09
PsHB35 PsHB73 0.10 0.21 0.48 || PsHB58 PsHBS86 0.25 1.87 0.14
PsHB36 PsHB44 0.10 1.38 0.07 || PsHB59 PsHBS84 0.07 0.24 0.30
PsHB36 PsHB74 0.01 0.15 0.07 || PsHB66 PsHBS3 0.32 1.73 0.19
PsHB36 PsHB90 0.11 1.27 0.09 || PsHB72 PsHB78 0.32 2.16 0.15
PsHB37 PsHB75 0.03 0.24 0.12 || PsHB74 PsHB90 0.11 1.36 0.08
PsHB38 PsHB79 0.32 4.06 0.08 || PsHB79 PsHBS0 0.32 - -
PsHB38 PsHBS80 0.07 0.23 0.32 || PsHBS2 PsHBS86 0.25 1.62 0.16

4 FERENEZ HB EEHEM S

Fig. 4 Collinearity analysis of HB gene in P. sinkiangensis
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