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Abstract: [Objective]Most pear cultivars in the world have self-incompatibility. The seed setting rate
of self-pollination is far below the demand of commercial production. Studies have confirmed that pear
self-incompatibility is a type of gametophyte self-incompatibility, and the pear S-RNase gene can specif-
ically recognize pollen during the pollination process of stamens and pistils to prevent self-pollination.
The objective of the study was to obtain the full-length sequence of the pear S-RNase gene and analyze
the evolution of the pear S-RNase gene and its genetic polymorphism. [Methods] DNA was extracted
from the leaves of pear cultivar Longxiang (Pyrus ussuriensns Maxim.), and specific primers were de-
signed using the conservative characteristics of the apple subfamily S-RNase, and the full-length se-
quence of pear Si.-RNase genomic DNA was amplified by PCR. The RNA extracted from the pistil of
pear cultivar Longxiang was used as the material, and the full-length cDNA sequence of the pear S..-
RNase gene was obtained by using RT-PCR and RACE technology. its gene exon and HV region (Hy-
per variable region) intron sequences were obtained accurately by comparing the full-length cDNA and
DNA sequence of the S»-RNase. The full length sequences of other S-RNase genes cloned from Pyrus
in GenBank were searched by BLAST. The phylogenetic trees of S-RNase gene coding region and HV

region introns of Pyrus were constructed by multi- sequence alignment and manual adjustment with

ks B #7:2021-05-06 1% HH#:2021-06-30
E ST H : B A RFHAHE4(31000309)
EB T R, 5, I, FZENHE R G E T 55 AR B0 78 L [ MR L FH AT 9 . Tel: 0577-88422665 , E-mail : lwj60000@126.com



1622 BowW 2R ¥ 384G

MEGA 6.06 software, and the differentiation and genetic polymorphism among the sequences were esti-
mated.[Results]Bioinformatics analysis showed that the coding frame of pear S,.-RNase gene are com-
posed of 678 bases and encoded 226 amino acids, including a signal peptide composed of 27 amino ac-
ids, five conserved regions (C1, C2, C3, RC4, C5) composed of 11, 11, 6, 8, and 7 amino acids and a
HYV region composed of 13 amino acids. In addition, there is a highly conserved hexapeptide region
(IIWPNV) in the downstream region of HV. The full length of the genome DNA sequence is 1044 bp,
and the HV region contained a 335 bp intron. The prediction of physical and chemical properties and
secondary structure showed that the molecular weight of the protein encoded by the pear S..- RNase
gene is 25 844.6, the pl is 8.97, the chemical formula is Cii6:Hi7ssN30:0533S14, and the half-life is 30h. The
Cl1, RC4, and C5 hydrophobic regions composed of a-helices in the secondary structure were consid-
ered to be involved in the stability of the enzyme structure. The C2, C3 hydrophilic regions mainly com-
posed of f-sheets contain conserved catalytic histidine residues. It would play an important role in
RNase activity. The hydrophilic region of HV between C2 and C3 was located on the surface of the pro-
tein and was believed to support the selective interaction between S-RNase and pollen S gene determi-
nants. Multiple sequence comparison analysis showed that the content of C+G in the coding region of
pear S-RNase gene was lower than that of HV introns, the rate of conserved sites in the coding region
was greater than that of introns in the HV region, and the conversion of the coding region was slightly
more than that of transversion. The intron regions in the HV region were just the opposite. In addition,
the intron sequence of the HV region showed a very high length polymorphism, ranging in size from
109 bp to 3130 bp. The constructed phylogenetic tree showed that the phylogenetic tree constructed by
the coding region and HV introns was divided into 5 subgroups, the sequence divergence within the sub-
groups was smaller, the divergence between the subgroups was larger The topological structure had
both similarities and differences. The average Normalized dN-dS value corresponding to the pear S-
RNase codon indicated that the difference in the coding sequence of the S-RNase gene was the result of
adaptive amino acid substitutions, and its evolutionary power comed from the function of the S-RNase
gene to encode a specific recognition protein; The analysis also showed that in addition to the HV re-
gion, there were a large number of non-synonymous amino acid substitutions in several regions, indicat-
ing high sensitivity to positive selection. [Conclusion]The phylogenetic tree analysis of pear S-RNase
sequences showed that the evolution of the coding region and introns in the HV region were correlated
with each other under the condition of independence. In addition to the existing HV region, there were
other regions in the coding region participating in the specific recognition between pear pistil and pol-
len. Therefore, the pear S gene could not stay in the same HV region to determine whether it was a new
gene. The index of genetic diversity showed that the sequence of the coding region of the pear S-RNase
gene and the intron sequence in the HV region had different evolutionary power sources. The sequence
evolution of the coding region would be caused by balanced selection, and the evolution of introns in
the HV region would be under the pressure of negative selection. Based on the genetic differentiation of
the coding region of the pear S-RNase gene and the intron sequence in the HV region, we could con-
clude that Xinjiang pear is a hybrid of Asiatic pear and Western pear.
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EAN SRR R 5T A () B IR, S e E A
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(Malus domestica Borkh.) ™. & P2 Bk (Prunus avium
L)Y Jwi Bk (Prunus dulcis Borkh. ex DC.) ", fib A4
(Pyrus pyrifolia Nakai) "5 R p 3 L fE T
S-RNase #E K 4K 77 81] , 1X 9 0F 70 3 A0 17 Ol 3 it
TAREYE. AR, Ok T M TORHAE ) S-RNase 4 [K] i3
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DRI 27K P b HE T 1) S B DR 1) A0 B AN & 7 R A1 Y
YEBf 1 35 75 B2 S 3L [ DNA J cDNA &K 751, %4
Si-RNase & K 5 J5 M8 75 B4 (P ussuriensi Maxim.
‘Longxiang’ ) « == i & Bk B¢ (P. pyrifolia ‘ Yunnan
Baozhu’ ) . 57 /KB (P, ussuriensis Maxim. ‘ Zaoxi-
ang-shui’ )55 15 ML A 3 B k. CR e &AL
ST RLA 8168e» NIRFFEL S F N 2 KP4, 3l I
TR 2 9l e B B4 i DNA i 383815 1
S 2 ] 1) 4> K DNA 7 %1 5 I\ 7 B4 e 8 42 X
RNA, 3K FH ¥ 4% s - 585 i =X S B (RT-PCRO 45 &
cDNA K i PR I#E § 4 (rapid amplification of cDNA
ends, RACE) £ AR 195145 AL S, FPH 1) 42K cD-
NA P, 3 345 17 %5 =22 X Chyper vari-
able region, HV) PN & S 2B )7 51 . 1| FH S B A A4
S T 51 48 2 (Blast) % [ /5 41 5 45 FE (Gen-
Bank) 71 34 J& 18 4 At S-RNase 2 [H 77 51 ) i R 40
RE W Al BB AL R 235 B e AR PE &
AR R H I 91 0 A8 B 3L S-RNase JE K 4

KRB 7 7 R FE 3842, [ I X AL S-RNase
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B R KA e B R P B eSS B T e v
5] . 744 kL 45 TaKaRa 2 & ] ExTaq. pMDI18-T
Vector }% 3’ -Full RACE Core Set i 7 & . Invitrogen
23 F) ) RNA $2 B 6 PA K W) &
1.2 RWAHE
1.2.1 # DNA @ #2 3R & S,-RNase % B 4% 5 ¥ 38
FH e 2 AL, SR FH o R 7S Joe ik = FR R AL
(cetyltriethy lammonnium bromide, CTAB) % ™, 4
$2 5 DNA J5 B T TE (Tris EDTA buffer) % ¥+ .
PCR J N.A& % 20 pL:2.0 L 10xPCR Buffer,0.3 pL
dNTPs(10 mmol-L™"), 1.5 pL. MgCl1,(25 mmol - L',
1.7 uL 5% PF2(10 umol - L"), 1.7 uL 5| % PR2 (10
umol-L™"), 1 U ExTaugDNA E 4, 10 ng 54 DNA,
HARKEAK  PCRIGHIZAT %4+ :94 °C 1.5 min,
50 'C 305,70 "C 2 min, fi# 10X;94 'C 305,50 C
305,70 C 2.5 min, #3425 ;70 'C 7 min. 5’ k¥
5N :PF2: 5" -TGCCTCGCTCTTGAACAAA-
37,37 o AL b B RS T I A B ) 51 A
PR2:5 -ATACTGAATATTATCGGTGGG-3 .
122 BEERNA SR H0.5% (o, J5 [F)D Bk
R —. .15 (diethyl pyrocarbonate , DEPC) 4b 3 F T it
BRI TE B /K o BRI AR AT P I s et P 288 DL 95 v
A FE 4 h DL B, A RE e W B8 00 28 LA 0.5%,
DEPC & 12124 h J5 HE T2 A, i B2 4% 1 RNA 4l
PR S UL A5 .
123 RT-PCR A 3’RACE 5 ¥ 7 51404 : PF2:
5’ - TGCCTCGCTCTTGAACAAA-3’ ; PF1:5’ - TT-
TACGCAGCAATATCAG-3’ . RT-PCR f& % % 41X
FIE V. 1§ I847 %A% :30 °C 10 min, 50 C
30 min, 95 ‘C 5 min,5 ‘C 5 min, &84T 1 K. 81745
WG, LU R K & :3 pL 25 mmol - L' MgCl, 4 pL
10xPCR Buffer(Mg’* Free), 1 uL 10 pmol - L' PF1,
0.25 uL 5 U - uL'' TaKaRa Tag, 0.5 pL 20 pmol - L™
3sites Adaptor Primer, 10 pL 28 ) N ,33.75 uL ot
WK T IE47%4F:95 C 305,60 C 305,70 C
2 min, G 38 K.
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Comparison of S;,-RNase cDNA and DNA sequence
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(ITWPNV) , 47 i 1% 75 ik i DNA J7 51 & 5 8 FH T-1%
TH 3G AL S-RNase 5= K v BL R A1 51 W0 3 41030 £,
B 8 AR DR ST I 2 I 2 R e 22k (1 2 R [ A s b
TE 61 A7 C2 XA 117 A7 C3 X &6 & 1 MR ST i
BRI . 5356, 5 IAE RC4A X A & R 5F 1)
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STPCEDPPDELEFTVHGLWES
P

C1

#*

C3

226

2 S.-RNase fRAZHI & EELF 5
Fig.2 The amino acid sequence encoded by S..-RNase
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W E A R A T K, LS 3 R R B2 A I #E A gk AN HE
A, 76 N i {5 5 K515 T 1) 40 53 25 5T 40 0k
TIA % R AR AL o- R N R C
RCAMIC5 Hi/K X, BN NS 5 T BB RS E. —

RAMER T F B - B AL C2.C3 L HV X
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AIAERn S DR P i R 2R 2 [R] R g B A B AR FH Y
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Fig. 3 Analysis of the protein encoded by S..-RNase gene
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Maxim.) - #7582 (P, sinkiangensis Yu.) & V5 V%L (P
communis L) 8 % H S-RNase & [H . #%2 Har, &M\
ALJE FE Y0 0 B 4 K S-RNase F£ [H] 59 4%, Horp R
MEL37 56, VEEERL 22 26 (R Do HUXT RIS, A S2r S
H1 Sog~ S17 F Sz Soo K Sao Sss A1 Sy LA K Sy (Pyrus com-
munis L) K1 S, 55 4a i X 7 51 9 N 2 18] 52 A ], 25
FIUR A, 64 52 %% . FH MEGA 6.06 ¥4 Align-
ment £2£/7 # Align by ClustalW (Condons) 12 17 4 it
X Z 7 HI s, N TR 2 7 51t 25 5 fid
Phylogenetic Analysis( R4 & & 77 #H7) &7~ , S-RNase
G IX T H K 711 bp, 237 DT, A 483 A8
SR, 7 B 68% , TR ST A1 222 4, TR 2015 B AT
3 5 2 /D AR 2 PR B AL A IR 394 /1, B RAR ]
MBS /DR 2 MR MR, BEA
FE g R AR T IR AL 89 Ao R B A% IR
5N A:32.67%.T:25.58%C:21.71%-G : 20.04%;
A+T F 5N 58.25%,C+G H RN 41.75%. FEHFIE
Bl B N 1.01, e 4ms 2 T Bidhe .

AL S-RNase [ HV [X — B # A N2 BLAEH 5 1
SRR SRR 0 32 X, T T HV XA
TR . ZRAILT 4 R IR % X N
TPH) R FE B 1 2 A5, B R B A S5 Al
SinSis 1 S 817 A S50+ S5 F1 8273 St (Pyrus communis L.)
S FFHV XN 2 577 51 P 2 8] 56 42 4
A EWILAFY, EE 54 %4 HV X W& T, H
KB 1 109 bp(S:0) #3130 bp(Sas) , FF & “GT-AG” i1
LR, B DNA FP 31 4 875 & F 10 7 S 2/
57 BIERAT O AG/GTAAGT MIERSF 741,37 BI4EAL
B ST RSN TGCAG/G. i N4 17148 0 4
R & F (N & TR AME 2 A SR & gD . 8t
ZFH 3 N T % )5 , S-RNase 3£ K HV X N & 1
3239 bp, A 2418 M AL AL, 5 EE 74% , HL GBS
X 5 Eb W e, AR 55 A7 502 A4, /] 2048 BT A 1051
A RN FL405 . WA T HI A% IR o5 b
HNA:37.61%.T:37.61%.C:12.39%.G:12.39%; A+T
TEINTS.22%,C+G 8N 24.78%. i A 1)
FUAE 9 0.95 , B4 2 T 46, 5 9 i X AR HUAH I -

AHFFERA, P RERESH GHC H 'R
R, NEFRIGHCHEKRTINEFINGHC o=,
VLN BT B AOES R TARRI A MR B AOE SR
2.4 FIIEESIREFES

FR G AU BT (T2 A5 ) S B R A%

TR 746 & 7 AR R A A . [F]JE DNA
W E BRI R A B IR BN 2, P HI SRR
REBERKFC AREERFARKEN. KILAE
B AR T, B0 3 81 A7 R R FE Al

FH B R I 772 R A I Bl A 5 2 15 18 211
. LAMEGA 6.06 144 #H £ (P-distance) AR AL R ,
46 (transitions only , Ts) I Hi## (transversions only,
TV N RF 4 . B 4 AT, To il A2 g il
FPAER HY XA & T 40, i B S B, R
HIF S ILG, Y AIE BN AN, 7 5144 i ik At
[ SUZ A
2.5 ZFUEEY)S-RNase BEE#H L 24

AL Y S-RNase = K 9 5 X AR #E A0 B NI %
B /) 3E4K 2 (minimum evolution, ME) . f¢ K fi] 2974
(maximum parsimony , MP) UL & f% K Ul 44 7% (maxi-
mum Likelihood , ML) ) 52K 45 R I A —F, iX HLH
NT HEAA SRS AR T B o AR 308 ) 2 1) N g A A
(B ORI MK B Y S-RNase F K 9 15 [X K]
G185 AR, VS 1) 5 [R] (1) a8t A% 4l o R T I
RWNEER AL 1. RGKR B W T8 S-RNase #E
DRI I3 LR O SR U 26, 2L @ A ) 1Y) S-RNase J&
BRI 7 FH AH [F] ) S-RNase $H 5 25 R 4 4k, HL7E 2 505
HAF= A2 1 HRIE Z FE4E . Sw-RNase 1 S,-RNase % i3
JE B R R T

AL JE HE ) S-RNase £ [K HV X ) & F )5 51l 1)
NJ.ME.MP LA K ML BEAL B HOR T B AR — 3. 4R
i 1) 2 1) N AL CIET 6 30 0 45 1 K 2L B AR 4 S-
RNase % Kl 4 & 7K1 73 4 5 MK, S..-RNase HV
X & T 5 S-RNase- Ss-RNase 4 M. A & F i3k 4k ¢
FIiT . AT N GO 3R A S BEA A
A S AU T, Bos AN e % H AL
A, 3 AT BRAEAE — 0 R EK
2.6 ZFLEHEY)S-RNase REBFII LR

FLJE ) S-RNase F [F 2 5 [X 7 51 oS ()8 AE
6 2 (pairwise distances) THE &5 R L 7. g IX 7
HI AR S~ 24018 FE 5 0.200, 25 F8 P A B 2 & $ A
AN B R[] SR 4 — 5 2 TR] B a4 BE B8 A AT A L LG
BCREAL , 177 () S 46 1) 383 4% R B 40 A B 3 S .
HI % B 5 F1R (R 38 4% 73 AL 1E 0.200~0.250 (1 5 EE
73 ik B 52.21% 1 45.70% , 7E 0.150~0.200 ] 4 bb
o3 )i ) 34.54% F1 42.99% 5 /N (<0.15) K
(>0.25) B AL A 1 7 Z05% o LR35/ T 10% , H [R]
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F1 ZEHEY S-RNase EFEE
Table 1 Gene Information of S-RNase in Pyrus
ES i SHEF 4 A i X K W TR GenBank &35
Taxa S-RNase name Cultivar Complete cds/bp Intron length/bp GenBank accession
P, pyrifolia S, A KK Imamuraaki 687 167 AB002139.1
54t Huanghua DQ515793.1
P. pyrifolia S AT Nijisseiki 681 1153 AB014073.1
P, pyrifolia S, £-+HE Chojuro 684 179 AB025421.1
P, pyrifolia S, -4 Nijisseiki 687 168 AB014072.1
P, pyrifolia S KB Chojuro 684 179 ABO045711.1
P. pyrifolia Ss 41K Imamuraaki 690 147 AB002142.1
FIZY Shisuli MG834536.1
P. pyrifolia S i =% Okusankichi 681 152 AB002143.1
P, pyrifolia Sy 17 JR FL2E Ichiharawase 687 234 AB104908.1
P, pyrifolia S #12% Shinkou 687 1115 AB104909.1
P, pyrifolia Si 13 Maogong 681 342 EU117115.1
P. pyrifolia Shs 1) Maogong 684 150 AY249428.2
P. pyrifolia Sis BE Cangxi 699 777 EF643630.1
P, bretschneideri Sie E{% Xuehua 687 145 EF643635.1
P, bretschneideri S KELNGHE Dalijitui 687 141 EU101466.1
P. bretschneideri Sis 431t Jinhua 690 1221 EF643636.1
P. bretschneideri Sio VKHE Bingtang 681 251 EF643638.1
P. bretschneideri Sa 4¢#% Donghuang 687 167 EU360894.1
AY250988.2
P, bretschneideri S 24 Yali 684 139 AY250989.3
P. communis Sai A i 1 5% Passe Crassane 684 153 EU477839.1
P, sinkiangensis S FEJR BN Y Kuerlexiangli 684 148 KX214125.1
P, pyrifolia # K 4 Huangchangba EF643639.1
T3 % ¥k Yunnan Baozhu EF689008.1
P. communis S J& B Cure 684 179 AB779646.1
P. communis S 218 /R « £ F] Triomphe de Jodoigne 687 145 AB779647.1
P. communis Sos Durondeau 684 3130 AB731592.1
P, bretschneideri S26 21 )% Bk Hongpisu 687 144 EU101463.1
P, bretschneideri Sy i 1117t Boshanchi 681 152 EF643640.1
P, sinkiangensis S 7E Null 687 227 EF566872.1
P, bretschneideri 3% Donghuang EU375364.1
P. sinkiangensis JE IR #7524 Kuerlexiangli KX214124.1
P. bretschneideri Sso AL Mili 687 147 EU101462.1
P, ussuriensis S 5 Jingbai 684 109 EF643641.1
P. ussuriensis Si # 111 Huangshan 687 149 EU336979.1
P, bretschneideri Sy 1524 Eli 687 143 DQ414813.1
P, pyrifolia {82 7 Boduoging DQ269500.1
P, ussuriensis Sss FLERAL Zaosuli 684 169 DQ839240.1
P, pyrifolia Sy BT H T2 Weining Ganzili 681 169 KY608876.1
P, bretschneideri Sis #E1E Esu 699 722 EF643631.2
P. bretschneideri S E{t Xuehua 687 328 EU336980.1
P, ussuriensis Sio Z AL Maili 684 176 EU101464.1
P, ussuriensis Se JE#F Longxiang 681 335 EF689006.1
P, pyrifolia = M EEE Yunnan Baozhu EF689007.1
P. pyrifolia Su A Huoba 684 148 KY608875.1
EF643642.1
P. pyrifolia Sis H[H 4% Huiyang Hongli 687 150 FJ946628.1
P. pyrifolia Sy 2411120 Xingshan20 681 243 KP867051.1
P, pyrifolia S ZLGEFRT-3Y Liyuan Mazili 684 162 KP902677.1
P. communis Sz JE Null 684 175 KF588567.1
P. communis Sa 2% #t Doyenne du Comice 687 145 AB236430.1
P. communis Sb 2% Hi Doyenne du Comice 681 246 AB236429.1
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Table 1 (Continued)
e SE:F 44 A b IX K W& TKE GenBank &35
Taxa S-RNase name Cultivar Complete cds/bp Intron length/bp GenBank accession
P. communis Sc 4% Beurre Hardy 687 134 AB258359.1
P. communis Sd 4L Flemish Beauty 684 169 AB236427.1
P. communis Se $ii% 247 La France 699 786 AB236428.1
P. communis Sg i 5% Passe Crassane 687 1706 AB258360.1
P. communis Sh 47 %4 Winter Nelis 684 148 AB236431.1
P. communis Si 7€ Null 684 177 AB258361.1
P. communis Sk 475 %L Winter Nelis 687 1074 AB236432.1
P. pyrifolia Sk 77 £ Hogyoku 699 804 AB426606.1
P. communis Sl General Leclerc 690 1211 AB236425.1
P. communis Sm Chapin 687 150 AB258362.1
P. communis Sn 7€ Null 681 162 AB258363.1
P. communis Sp 7€ Null 684 138 AB258364.1
P. communis Sq General Leclerc 687 1083 AB236424.2
P. communis Sr $i7% %74 La France 684 153 AB236426.2
P. communis Ss Danas Hovay 687 167 AB258365.1
P. communis St JE Null 690 1439 AB258366.1
0.180 - ®Ts ®ETv
0.160 | G 7 5 i s 25 45 UL R 1 43 B
Saturation analysis of coding sequence base substitution
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(%]
=
2

1.500

2.000

AL 3 P-distance

E 4

REERIEFIE S

Fig. 4 Saturation analysis of base substitution
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100 ABO002139.1 P. pyrifolia S\-RNase 1

84 AB258365.1 P. communis Ss-RNase
72 L AB014072.1 P. pyrifolia Si-RNase
KY608876.1 P. pyrifolia S»,-RNase

85
92 DQ839240.1 P. ussuriensis S:s-RNase

76 AY?249428.2 P. pyrifolia S;>-RNase 73 1 Subgroup 1
EU360894.1 P. bretschneideri Sx-RNase
100 _|: FJ946628.1 P. pyrifolia Si-RNase
100 AB258362.1 P. communis Sm-RNase
EU336980.1 P. bretschneideri S:,-RNase

100l AB258360.1 P. communis Sg-RNase
AB104909.1 P. pyrifolia S-RNase 1
100 —‘: AB236424.2 P. communis Sq-RNase
86 L AB236432.1 P. communis Sk-RNase
AB258359.1 P. communis Sc-RNase
EU101466.1 P. bretschneideri Si-RNase
EU336979.1 P. ussuriensis S»-RNase W25 2 Subgroup 2
MG834536.1 P. pyrifolia S-RNase

EF643635.1 P. bretschneideri Si-RNase
AB779647.1 P. communis S,;-RNase

—1

—|: EU101463.1 P. bretschneideri S»-RNase
100 AB236430.1 P. communis Sa-RNase

—1

93

100

AB104908.1 P. pyrifolia Ss-RNase 7
EF643641.1 P. ussuriensis S;-RNase
KF588567.1 P. communis Sy,-RNase
KP902677.1 P. pyrifolia Ss;-RNase

100

462|:AB258364.1 P. communis Sp-RNase VP24 3 Subgroup 3
AB236426.2 P. communis Sr-RNase
100 ——  AB258361.1 P. communis Si-RNase
51 —': AB002143.1 P. pyrifolia S,-RNase
100 AB258363.1 P. communis Sn-RNase .
100 KP867051.1 P. pyrifolia Si-RNase 1
62 AB236429.1 P. communis Sb-RNase
100 L EF643638.1 P. bretschneideri Si,-RNase

71

EU117115.1 P. pyrifolia Si-RNase
EF689006.1 P. ussuriensis Sp-RNase
ABO014073.1 P. pyrifolia S,-RNase
—71|: ABO045711.1 P. pyrifb-lia S,;-RNase T 4 Subgroup 4
EU101464.1 P. ussuriensis Si-RNase

ABO025421.1 P. pyrifolia S--RNase
100 AB731592.1 P. communis S»-RNase
AY250989.3 P. bretschneideri S-RNase
KY608875.1 P. pyrifolia S.-RNase
EF643639.1 P. sinkiangensis S»-RNase
95 AB236431.1 P. communis Sh-RNase
100 EF643636.1 P. bretschneideri S\s-RNase
AB236425.1 P. communis S1-RNase
AB258366.1 P. communis St-RNase
100 —— EF643631.2 P, bretschneideri S;:-RNase
AB236428.1 P. communis Se-RNase
EF643630.1 P, pyrifolia Sis-RNase
53 AB426606.1 P. pyrifolia Sk-RNase

96

100

100

97

100

10

100

P2 5 Subgroup 5

100

H?

5 E T3 S-RNase EFRHBXE NI RERER
Fig. 5 NJ phylogenetic tree based on the coding region of S-RNase gene in pear
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74
40

59 AY250988.2 P. bretschneideri S»-RNase gene intron
32 EU101462.1 P. bretschneideri S»-RNase gene intron
FJ946628.1 P. pyrifolia Si-RNase gene intron
AY?249428.2 P. pyrifolia S;;-RNase gene intron
AB258359.1 P. communis Sc-RNase gene intron
EF643641.1 P. ussuriensis Si-RNase gene intron
MG834536.1 P. pyrifolia S-RNase gene intron
EU336980.1 P. bretschneideri Ss,-RNase gene intron
— EU336979.1 P. ussuriensis S»-RNase gene intron

)

L KF588567.1 P. communis Si-RNase gene intron

KP902677.1 P. pyrifolia Ss-RNase gene intron
AB014072.1 P. pyrifolia S:--RNase gene intron
DQ839240.1 P. ussuriensis S;s-RNase gene intron

:

31

DQS515793.1 P. pyrifolia Si-RNase gene intron
58 KY608876.1 P. pyrifolia S,-RNase gene intron
AB258365.1 P. communis Ss-RNase gene intron

AB258360.1 P. communis Sg-RNase gene intron

82
63

AB236426.2 P. communis Sr-RNase gene intron
AB258361.1 P. communis Si-RNase gene intron
AB258363.1 P. communis Sn-RNase gene intron
ABO002143.1 P. pyrifolia S;-RNase gene intron

AB258364.1 P. communis Sp-RNase gene intron
64 AB236432.1 P. communis Sk-RNase gene intron
AB236424.2 P. communis Sq-RNase gene intron

i)

62

54

AB104909.1 P. pyrifolia S,-RNase gene intron
94 EF643636.1 P. bretschneideri Sis-RNase gene intron
AB236425.1 P. communis S1-RNase gene intron
EU101466.1 P. bretschneideri Si-RNase gene intron
EU101463.1 P. bretschneideri S,-RNase gene intron
AB236430.1 P. communis Sa-RNase gene intron
30 EF643635.1 P. bretschneideri S;;-RNase gene intron
AB779647.1 P. communis S»-RNase gene intron
AB258366.1 P. communis St-RNase gene intron
AB104908.1 P. pyrifolia Ss-RNase gene intron
99 EF566872.1 P. sinkiangensis S»-RNase gene intron
60 EF643639.1 P. sinkiangensis S»-RNase gene intron
EF643642.1 P. pyrifolia S..-RNase gene intron
AB236431.1 P. communis Sh-RNase gene intron

:

40

1)

47

W

AY250989.3 P. bretschneideri S»-RNase gene intron
EF643638.1 P. bretschneideri Si,-RNase gene intron
EU117115.1 P. pyrifolia Si.-RNase gene intron
AB236429.1 P. communis Sb-RNase gene intron

Fig. 6

g
|

TO'E ABO014073.1 P. pyrifolia S-RNase gene intron
KP867051.1 P. pyrifolia S;;-RNase gene intron
49 ABO025421.1 P. pyrifolia S--RNase gene intron
22 ABO045711.1 P. pyrifolia Ss-RNase gene intron
AB779646.1 P. communis S»-RNase gene intron
51 EU101464.1 P. ussuriensis Si,-RNase gene intron

EF689006.1 P. ussuriensis S-RNase gene intron
AB731592.1 P. communis S»-RNase gene intron
a7 EF643630.1 P, pyrifolia S\s-RNase gene intron

Ele6 HTH

AB426606.1 P. pyrifolia Sk-RNase gene intron
100 EF643631.2 P. bretschneideri Si-RNase gene intron
45 AB236428.1 P. communis Se-RNase gene intron

! S-RNase Z[F HV XA FHI NI RELEH

AP35 1 Subgroup 1

WFZ 2 Subgroup 2

724 3 Subgroup 3

V2% 4 Subgroup 4

2% 5 Subgroup 5

NJ phylogenetic tree based on the introns in the HV region of S-RNase gene in pear
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Fig. 7 The paired genetic distance distribution of pear S-RNase gene coding region
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SCE TR B R FE B TR 3 BT AR S
T =3 X AFA A SO e v B
N 2% R B s AR 43 AL E 0.050~0.100 15 EE 56.33% 7E
0.100~0.150 (4 Lt 38.76% , 1N 5 J& Al # 153 1% 73 {0 7E
0.100~0.150 /& Lt 68.10% . fE 0.050~0.100 /& Lt
25.79% » 7] XL H 1 A () SO 6 1) 158 4% PR 25 40 A 3
bl 2 460 RN A (1) 383 4% PR B0 0 AP0 o X2 T 3% 4
R A 7E 505 28 3 /M I A 2 R AR [R)
B, RAEFEHR 2R E o R AR B,
e AR A IR 2R 3 K T R SO 4 R [R] S He
Ee

gt X RSk B W S8 HEY) S-RNase 5 [K] 4)
NS AN, VRN A N A L 3 R g AR 4y

143 )4 0.095~0.163.0.076~0.161 A1 0.149~0.194,
VB 2 1] R et A% 436 A 0.188~0.238.0.188~0.228 Fll
0.196~0.307 2 [8] , KT IHE N I 734K o

AL JE M) S-RNase 2 [K HV X P & 1 B 1O 152
FERE ST R A R ILE 8. W& F I sL L e B
90.632, G hG X 7 H (1) 3% . 25 RS A B Ak & 4
A% 2 4K #E 0.200~0.400 15 LE 31.79%  7£ 0.000~
0.200 5 tt 24.04% . H: A2 7F 0.400~3.500 2 [71] 5 1 % f&
s AL 23 AL AE 0.100~0.200 5 EE 27.81% - 7E 0.200~
0.400 1 Lt 26.69% ; 1 7% f& K 46 362 4% 73 46 7E 0.100~
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Fig. 8 The Paired genetic distance distribution of the HV region of S-RNase gene in pear
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XoF it DX A5 v, 7E R P Ik i o LB A AR S K
AR, FAN HV X W& T 7 FIAEE ATAT-
TA.AAAACA . AATTT.AAAAAA L)L K HAth 2 AN K
INA— RS A, BoR HY XN & 7 0] BEAEAE —
SE I IRE

ARG R BEWEELEEY) S-RNase F= K HV [X P&
T43 R 5 A, VSRR A B 3R 3 R T
B AL A0 23 505 0.497.0.215 1 0.248, W HE 2 7] ()
WAE4E50.778.0.390 F10.388, KT WRE A 04k o
27 ELEAEIEY S-RNase REM SHIRES S

MEFEE L

N TR ALE AR A S-RNase J K {7 s 18
ol X ARG T A R EED A A
BLRKT AL DL L VG AL S-RNase 5 K 7 551 (1 38 4%
ZRAPEREAT IS, SRR 2 PR . LS H(OM
R 2 FEPERR AR () 1X 2 Fh 2 A PR A8 AR o, PE
AL S-RNase H [H] (1) 8245 2 5 E m TR0 AL, A1 240%
THTH. FEFER I3 5%, AMEHHFEIE
Bl LA PHVESLAE S-RNase 2 Rz 5 b 118 4%
IR 3o He T 3 TP KT 0 I 3R A% 2 AL 2

&2 AFEEF S-RNase EF BT XIREL 754

Table 2 Genetic polymorphism of S-RNase gene coding region in different pear species

\ v A Taxa
ZREMEARTR . - Py P e
Diversity index Fﬁﬁ*E’%ﬂ]. WA ) SES S [llipE S
All Pyrus species P. pyrifolia P. bretschneideri P. ussuriensis P. communis
B4 0.174 254 0.174 388 0.188 560 0.185 312 0.176 621
MR Z TR 0 0.149 933 0.155 735 0.176 610 0.178 042 0.159 672
Tajimaf 36401 & D 0.598 938 0.422 896 0.322 430 0.219 038 0.438 296

%3 ET S-RNase ERMRBXMEARMEFSFFRZEMEER S

Table 3 Genetic differentiation between Asian pear population and western pear population

based on S-RNase gene coding region

S K Taxa
Measures of genetic divergebce Biga e BES LS
P, sinkiangensis P, pyrifolia P. bretschneideri P, ussuriensis
FTE B4R 24k Al sites distance 0.187 0.202 0.205 0.206
/) SUA A 3884% 434k Synonymous distance 0.194 0.214 0.228 0.222
A [ XA 5538844 531K Nonsyonymous distance 0.176 0.192 0.192 0.194

N WAL S PE AL I8 AR AL P B N X — H A
HIHT 5B A VO PR RN N AL ) 2 52 M B R A —
00, oA AL RN PG 7 AL AL o LR B
K, ARG B ENAIE 1 M BRI VG P B ST I 1) 2%
&

T SR ALEAEY) S-RNase £ [F 7 51 (1) 3k
WX T, Fl FH MEGA 6.06 %% 4 Estimate Selection at
Codons (HyPhy) 2 /7 ili 5 S-RNase T % i+ X BZ
(1)~ 251 4 [|) S e 28 5[] S 3% 46 %6 22 {H (Normal-
ized dN-dS) , 45 F: 1./ 9. Normalized dN-dS=0, |5
H| 2 8] 53 B W P R 45 L , Normalized dN-dS™>
0 72 1E 2 28 s Normalized dN-dS < 0 52 4k ik £
45 R Giit TR, 51.4% 07 55 52 A4k v £ 1 5
Wi, 9.3% A7 52 Hr M BRI 45 2R, F 4R 39.3% 7 kit
FEIEIRFRN . b HV XA 5 80% A IE L FR 47
R HARE Bl 7 32 BRI T R S R I

KAIGIE 7 HV X2 AUME S5 108 (a4 = U0 DG i
XK. (55 K= ZEIhRE R 5 A R E AR
) 73 WA 38 B e 7, A5 5 IR Xl 9 7 it B2 1 i
BRI AAL IR BRI 52, AUF 18.52% 147 s 52 123l ik
PRIIEZI . C1 XA C2 [X A7 55 32 B2 SR FE 1)
SN 5 C3 [X 50% 7 52 HH I 35 1) 52, 33.33% 7
B2 R AR BRI, 16.67%07 12 Al Ak e B 5
Wi 5 C4 [X 37.5%7 s 52 HH PRI FE R 5200, 37.5% A7 5
AL BRI, 25% 07 52 IE IR BRI R 5 CS
[X 57.14% 552 HR PRI FE ) 5200, 42.86% 7 1 52
BIE PRI .

Xt HTE ZLB MY DAL L (A AL KT AL LR G v
Z41¥) S-RNase % K A7 &L HV X P & 7 (138 £ 2 #E 1%
HATHHE, SRR AR, M aiX2 M 25 ME
Fr R, P PERL S-RNase £ [K N & T (138t 4% 2 & 1
/N B KT, O AR AL, 1X — 25
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Fig. 9 Normalized dN-dS analysis of S-RNase gene based on codon sites
F 4 AEIEF S-RNase EE HV XA S FEES M
Table 4 Genetic polymorphism of the introns in the HV region of the S-RNase gene in different pear species
. ) ZH¥ Taxa (AT Intron)
% FEPEIR bR — —— , —
Diversity index IREE I/ [ EES TR RS
All Pyrus species P. pyrifolia P. bretschneideri P. ussuriensis P. communis
BESH 0 0.021 635 0.054 954 0.060 473 0.098 220 0.033 361
RERZAEERR 0163823 0.220 375 0.157 873 0.136 736 0.118 094
Tajima #3640 1= D -3.151 170 -3.211 167 -3.092 017 —-2.140 089 -3.037 689

RAGHS X P 7 25 KA. B SEALEE D P 4 2 1 3
o AETHRIER . WIHELS P57 FLE S-RNase
L HV XA S 7 s e W& 5. T 3 7
B KA IR 8 A% 4K B, B sB AL 7 v AL
FRY 388 A% 70 A0 B S B /1N 5 3 — K a2 B [X 45 SR AH

b

— B, [F)FE S HR B 98 AL G AR N AL 11 A 58
Tt (0 A0 A o At S 0 2 o R 7 A B P 38 4% Ak
BB AR, AR G M EDAIE 1 3 9 B AN Y v AL ST
Ytk 42, X — S RS X EAY&. N &
F 7=0.300 569, 6=0.204 485, 13 &= T % i [X 7 511X

ET S-RNase ZE HV XA S FRIZRA M SEFRZ BAEE S L

Table 5 Genetic differentiation between Asian pear population and western pear population based on

the introns in the HV region of the S-RNase gene

- i KB Taxa (5T Intron)
WA I — o — —
Measures of genetic divergebce HraEA WA SRS USES

P, sinkiangensis P, pyrifolia P, bretschneideri P, ussuriensis
FVE B iR 3844 534K All sites distance 0.583 0.746 0.637 0.632
K454 15 38H4% 434K Transitions only distance 0.292 0.374 0.319 0.317
Fji4e 7 #3844 431K Transversions only distance 0.291 0.373 0.318 0.316

2 KA
3
FUR A 5 R SRR R L3 F A

HEFE . E A 2R T WA B AE
AIRT S s F A AL BE AT BR , HL A5 Bt H AR IE

it

MBLWT TS L 38 LT 9 AL B A A SRR 7
P L 2 3 B9F 0 10 A8 e 2 B O AL S A TR R Y 2
SE S EEDA [ T R MR R 52, DL AE R S ]
SR TR S E . R T AL S [A (R A AR SR E T
EARIWARGHIE . 2EHAEAWT I A SR A S-
RNase 2 [5] (1) O <7 F7* 51 RF AL B0 TH 8 105 572 514, I
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KT ELE R R F R E R A DNA Y B H T S, &K
DNA J741 , iZ 51 Pt v] F T HAh B S HE K 4K DNA
FFAIEIY 38 o B 51 PN SO T RSk S P 1 K
FERBRE , #2780 T S-RNase 3 K % 5E IO AERG M -

B BEAERKREFMENZEMEE AEL.
WAL TR A R P E AL . Hoh, AR
L KT LRI SR AL T R 4y B 10 S B DR DR A 2
TR, WSS S5 PHEERL S R4 8511 S (K —
W LA SRR IR, W1 S, S0 S 55 o Ja B2 M
AR A HI T — KR . GenBank &R T 2
A S 24N S A2 A Son s 2331 5K F M AL P AL HL
BN B, 28 2k NTRTE , IR DA ) 2
W SR A

ZHFF NN AV X2 FLUME S 5 1008 7] 47 5
P e — e X . BRI FE R R AL B
AEANSE RN A0 R R B T HV X 4h, iE 7T g
LA X 37 A 5 R o P b AR FH IR E
RO B AL B AE Y S-RNase 4> K Zw D /7
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