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Abstract: [ObjectivelKuerlexiangli pear (Pyrus sinkiangensis Y1) is a native species of Xinjiang Au-
tonomous Region, northwest China. The fruit is known for its unique aroma, juicy flesh and crisp tex-
ture. The formation of rough-skin has been affecting external and internal quality of Kuerlexiangli pear
fruits, and becoming more common in recent years. With regular fruits, the stone cells are unperceiv-
able. The rough-skin, also called “hard-end”, is a physiological disorder, in which mild symptoms can
be observed only at the calyx end of pear fruits. But in severe cases, most of the fruit surface can be cov-
ered with rough-skin. The increased stone cell content is one of the main factors that cause the forma-
tion of rough-skinned fruits at later stage of fruit development. However, the molecular mechanisms of
differentiation of stone cells and formation of rough-skin on pear fruits are still not fully understood.
The BAHD superfamily genes participate in many biological processes through the modification of me-
tabolites during plant metabolism, including lignin biosynthesis. The lignin is one the main components

of stone cells which commonly present in fruits of all Pyrus species. Therefore, the aim of this study is

ks B #A:2021-04-25 %% HH7:2021-08-05
EEE : ER AARRHER S (31760565)  HToE4EE /K H A X A SR BT AR 552 237 % B A (K'Y2020113)
YEB B FE/RPE -t hn, 55, 1 L, FENFHAEME B 5. Tel: 13565940147, E-mail : kurban910@163.com

*B{51E3H Author for correspondence. Tel: 13659959134 , E-mail : 103326533@qq.com



2022 3 B 2 H 384

to systemically investigate BAHD superfamily genes on pear genome, and thoroughly analyze their ex-
pression profiles at key stages of stone cell differentiation during pear fruit development and in rough-
skinned phenotype, so as to obtain the potential BAHD members that are related to the stone cell differ-
entiation in pear fruits. [Methods] The pfam structural model of transferase family proteins (PF02458)
and HCT genes from model plants were used as references to identify the BAHD family genes in the
pear genome. Based on conserved domains of this superfamily (HXXXD and DFGWQG), the BAHD
members were reconfirmed. Then the transcriptome analysis were performed on the fruit samples that
were collected at three developmental stages (20, 50 and 80 days after flowering, DAF), representing
initial, late and stationary stage of stone cell differentiation, respectively, and on rough-skinned and nor-
mal fruits at mature stage to identify the members of BAHD superfamily genes that may participate in
the process of the stone cell differentiation in Kuerlexiangli pear fruits. [Results]A total of 92 transfer-
ase family genes were identified on the genome of Pyrus bretschneideri ‘Dangshansu’, among which
the 81 genes contained the typical conserved motifs of BAHD superfamily. These genes were unevenly
distributed on the 15 chromosomes of P. bretschneideri. The duplication analysis showed that among
the pear BAHD superfamily genes, 14 of which were located in tandem on same chromosomes, and 15
of which had collinearity on the pear genome. The transcriptome analysis showed that 19 BAHD super-
family genes were expressed in Kuerlexiangli pear fruits with higher abundance, and they were also dif-
ferentially expressed at key stages of stone cell differentiation in Kuerlexiangli pear fruits. Among of
them, four lignin synthetic genes (LOCI103945380, LOC103964288, LOCI103955861 and
LOC103945376) were up-regulated at critical period of stone cell differentiation, and two of them
(LOC103955861 and LOC103945376) were also up-regulated in rough-skinned fruits at mature stage;
one gene (LOC103944254) related to the coumarin biosynthesis was up-regulated at the initial stage of
stone cell differentiation and in rough-skinned fruits; one gene (LOC103954416) encoded the enzyme
that participated in the synthesis of long chain fatty acids of cuticular wax, which was up-regulated in
samples from 20 DAF and rough- skinned fruits; six genes (LOCI103949999, LOCI103944336,
LOC103949890, LOC103951983, LOC103951985 and LOC103938506) encoded suberin synthetic en-
zymes, all of them were up-regulated at least one critical stage of stone cell differentiation during fruit
development, and two of them (LOCI03951983 and LOCI103951985) were up- regulated in rough-
skinned fruits; two genes (LOC103955585 and LOCI103963251) encoded the enzymes that related to
the synthesis of green leaf volatile (GLV), and both of them were up-regulated during the fruit develop-
ment and in rough- skinned phenotype; other four genes (LOCI103961715, LOCI103963031,
LOC103958630 and LOC103945860) encoded the modifying enzymes of brassinolide and flavonoids.
[Conclusion] The differentially expressed members of BAHD superfamily genes with higher abun-
dance in Kuerlexiangli pear fruits not only participated in the process of synthesizing lignin, coumarin,
cuticular wax and suberin to promote the differentiation of stone cells and the formation of rough-skin,
but also encoded the modifying enzymes of flavonoids and volatile compounds. Lignin, coumarin, cutic-
ular wax and suberin are the main components of secondary cell walls and epicarp of pear fruits. The
flavonoids and volatiles are crucial for the regulation or maintaining the proper amount of reactive oxy-
gen species (ROS) in pear fruits that are necessary for the oxidative linkage of cell wall monomers dur-
ing the secondary thickening of cell walls of parenchyma cells to form the stone cells and rough-skin. In
sum, the results of this study illustrate that some BAHD superfamily candidates participate in the forma-
tion of stone cells in pear fruits, which to some extend enlightens the fact that the formation of rough-
skin is induced by abiotic stresses.
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A and B represent the regular andrough-skinned fruits at mature stage, respectively.
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Fig. 1 Fruits of Kuerlexiangli pear
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Fig. A shows the differentially expressed BAHD family genes at different stages of pear fruit development, Day20, Day50 and Day80 represent the
20,50 and 80 days after flowering respectively. Fig. B shows the differential expressed BAHD family genes in pulps and peels of the rough-skinned
and normal fruit at mature stage. Rough and Normal represent the peels of rough and regular pear fruits respectively, Pulp A and Pulp B represent
the flesh of rough and regular fruits respectively.

5 A BAHD XEERERILKRE FEREFERRPHESMERIE
Fig. 5 Differential expression of BAHD transferase superfamily at different stages of fruit development
and in rough-skinned fruits of pear
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A 394 BAHD G5 K 22 S ks, Hop 194
EREAERMNREFEE GHPEDELNEAER
JFPKMAE> 1) N T dE—2B 10 Bl B PR AE A 4
Ff Ak SR e SR i B R IR 2R W 22 Thie , B e
X 19 A>3 K 5 #LEG 77 BAHD 5% ji 3 R i3k 47 HE xt .
ER R, 19 ANFLIEE 43 7 H xS 2] 10 AN LRE IF
BAHD K J& % (AT1G03940, AT1G28680,
AT2G40230, AT3G03480, AT3G26040, AT4G24510,
AT5G01210,  AT5G17540,  AT5G41040  FI
AT5G48930) 1P (£ 1), fE LAY [, M EIX 194
FR 5HEY) BAHD X% 5 REMEEBMARKE
B (6. H, 14K (LOC103945860) 25 H
BAHD R HIEE 1 25,2 N (LOC103949459 Fi
LOCI103954416) 5% 25 R 5 11 2%, 5 4~ 3
(LOC103949999, LOC103949890, LOC103951983,
LOC103944336 F1 LOC103951985) 2 NI, 4
A JE (LOC103963031, LOCI103961715,
LOC103955585 M1 LOC103963251) K N5 V- i
2, 7 A 3 B (LOCI103944254, LOC103958630,
LOCI103938506, LOC103955861, LOCI103945376,

LOC103945380 A1 LOC103964288) % 25 N %5 V - iii
F. HHYIBAHD FKkH , & — ML AL 4 2 g 1 A0 A
FRR AR, 3 1 KRB 51EE
R, 3 1K 5EMR B RIIRK SN E&
%, 5511125 BAHD R 03 FE ISl A 14 Bl T DARE
FNRWFERTRIL , 5 IVR S 5T A 0, 26
V-1 KBS 5 REDFREHR, B V-i kS 5%
WBEM A R, 238V -1 RS 5 58 56 N RE R 28 1 R/3F
TR TR I A R
2.6 ZF!BAHD FRixERFIZERINAER T
PLF A T AL i (Nicotiana glutinosa) i AE
M7t N2 2, 6 194 22 R 1 R A AL BAHD S5 2
BA_F 37 2000 bp X @EAT 4387, 35 % 30 2504 A i A AR
Mootr, FEE T 12 FR/ER ot (B D . Hrf,
J& B -5 14 58 7 X 38 T CAAT-box A% 0 3 31
T JuMt TATA-box MIEE B % , 73 il 5 S Jo A s (1)
39.86% M 34.04% . Pl & ik L F5 MYB 45 & £ 5
(10.06%) iy i ) S A H e ABRE(3.86%) «
Wi Jo 1 As-1 (3.46% ) W 38 W B2 JC £F STRE
(2.75%) 6 B 7644 G-box (1.69% ) « 61 473 M |87 7t

F 1 BRMARS LR EAFNE R Rt FIARIER (LogFC>1)BAHD KikEHE
Table 1 Up-regulated (LogFC>1) BAHD superfamily genes at key stages of stone cell differentiation and in rough-skinned

fruits of pear

H%L P bretschneideri WL A. thaliana

S Gene ID S Gene ID 1 % 7 Gone name [EJJEPE Identity/% EfHf E-value 134> Score
LOC103945860 AT1G03940 3ATI 3497 1.51E-86 273
LOC103944254 AT1G28680 COSY 52.93 7.34E-164 468
LOC103958630 AT2G40230 60.35 0 518
LOC103955585 AT3G03480 CHAT 48.06 7.93E-133 390
LOC103963251 AT3G03480 CHAT 46.99 4.90E-132 389
LOC103951983 AT3G26040 41.76 2.94E-115 345
LOC103949890 AT3G26040 38.96 3.64E-103 314
LOC103944336 AT3G26040 40.32 6.92E-101 308
LOC103949999 AT3G26040 38.22 3.04E-98 301
LOCI103951985 AT3G26040 38.24 2.41E-97 299
LOC103954416 AT4G24510 CER2 25.80 8.35E-25 106
LOC103949459 AT5G01210 69.31 0 639
LOCI103961715 AT5G17540 58.75 0 515
LOC103963031 AT5G17540 57.88 5.74E-176 501
LOCI103938506 AT5G41040 HHTI1 72.89 0 657
LOC103964288 AT5G48930 HCT 79.59 0 724
LOC103955861 AT5G48930 HCT 64.32 0 557
LOC103945380 AT5G48930 HCT 79.59 0 729
LOC103945376 AT5G48930 HCT 70.84 0 650

T R IE AR AL D DA PR A B AH (FPKMD > 1.

Note: The gene expression value (FPKM) > 1 at least in one sample of each group in this Table.
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Fig. 6 Neighbor-joining phylogeny of functionally characterized BAHD transferases and differentially expressed

BAHD members in Kuerlexiangli pear
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Fig. 7 Cis-regulatory elements on the upstream of differentially expressed BAHD superfamily genes in pear
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