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Genetic Diversty and Phylogenetics of Pear( Pyrus L. )
Germplasm Resources from Hubei Province
Revealed by Chloroplast DNA Variation
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(Institute of Fruit and Tea,Hubei Academy of Agricultural Science , WuHan 430064
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Abstract ; Four non-coding chloroplast region , trnL intron , trnL-trn¥ [trnS-psbC and accD-psal were used to as-
say genetic diversity and phylogenetics of 88 pear accessions from Hubei province. A total of 11 variation sites in-
cluded 6 SNP sites and 5 indel sites were recognized. Among 4 ¢cpDNA regions, accD-psal exhibited highest poly-
morphism with the maximum number of variable site ,the most abundant haplotype diversity and nucleotide diversi-
ty. The values of nucleotide diversity and haplotype diversity of pear accessions identified by four combined ¢cpDNA
fragments were 0. 00112 and 0. 769 , respectively. All Tajima’s D values showed no statistical significant differences
(P >0.10) ,which indicated that variation of those chloroplast regions followed natural theory of molecular evolu-
tion. A total of ten haplotypes were detected by four cpDNA regions merging analysis. The most haplotypes were de-
rived from the germplasms of Jingmen and Xingshan among 13 collection sites. Hap2 and Hap5 were the two major
haplotypes ,which accounted for 31. 82% and 30. 68% of the total accessions,respectively. The network analysis of
Pyrus L. cpDNA sequences showed that P. communis L. could be completely separated from oriental pear,and the

rare haplotype Hap8 and Hap9 were both located in Jingmen, suggesting that Jingmen may be one of the centers of
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origin or diversity of Pyrus L. .
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Fig. 1 Pyrus L. collection sites in Hubei province
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Table 1 Pear accessions used in this study and their cpDNA haplotype distribution

Rl T .%ﬁn@% JEC7= HAERL || R Re %ﬁ%ﬁ\ JE7= HfET
Variety Variety
Species Code Origin Haplotypes || Species Code Origin Haplotypes
name name

WAL P. pyrifolia 1 EETEAL e Hap2 49 Ml 21 5 L2410 Hap7
2 FNAEK R Hap2 50 200122 5 WdE241 Haps
30 FUEN R Hap3 51 Ml 23 5 WAL Haps
4 HESZHR O HHER Hap2 52 Ml 25 5 BIAE241 Hap2
5 HREBREF WduE R Hap5 53 Ml 26 5 HIAE241 Hap?
6 EHBEFRR WdiER Hap5 54 227 5 HIAE241 Haps
7 EFERAL WAL Hap2 55 210529 = WAL Hap2
8 EIRRE  Wdbdn Hap5 56 Ml 33 & BIAE241 Hap?
9  FHRAR LA Hapl 57 N4l 36 5 BIAE241 Hap2
10 EARIAFR  HHEEAR Hap6 58 AR #IALITT Hap8
11 BERRF HHeR Hap5 59 H A BIALIRITT Hap?
12 BEREF  HHiER Hap7 60 JR AT T BIAEIRITT Hap2
13 EARPLA #HbeER Hap7 61 EELIES BIALIFITT Hap2
14 EFEAY WHuEE Hap6 62 Bk WALIATT  Hap2
15 JRFEHEF BHuEE Hap5 63 TR RAY WIALHITT  Hap2
16 JRFEFHER WHLEE Hap6 64 P HIALIATT  Hap?
17 J@F80-1  WHLEE Hap5 65 AN R WIALHITT  HapS
18 FEarkR  WduEE Hap5 66 i 754 BIALIRITT  Haps
19 FEFRER WL Hapl 67 LAY WALHIT  Hap?
20 W =F: WL R Hap6 68 KEA WIALHIT Hap2
21 i iBlAEES Hap5 69 WED Bl ] Hap5
22 KIHZRRA K Hap4 70 s BIALIFITT Hap2
23 KMHFER K Hap2 71 RSN #IALIATT Haps
24 KPHEHR WL H Hap5 72 fifisk 14 WALHITT  Hap?
25 KMHMER  #HeKE Hap5 73 PHFR AP Hap2
26 1% it S ] B g Hap5 74 BHAKERE  WHEPHE Haps
27 I i Bl Bunerg Hap6 75 ¥ A WJLS H Hap7
28 YAUES i B g Hap2 76 BHREFEEL WHLE W Hap?
29 EXESS Wi % Hap5 77 B AR WILP H Haps
30 SRIAk Wi % Hap5 78  FHEMAF  #HHEPHE Haps
31 KA Wdie % Hap2 79 FHKMRE  HHEPHE Haplo
32 Xih1E el Hap2 80 NAE BIALERI HapS
33 Mili2 5 L2410 Hap2 81 ke LRI Hap2
34 M35 el Hap4 82 HE WL Hap2
35 X4 5 % Hap2 83 [y WAL Hap?
36 M6 s R Hap2 84 FKAL WAALIRIT] Hap9
37 7% #dE0 Hap7 85 FK H A Hap5
38 X85 A Hapl0 || 53L P. calleryana 86 RE 2% BIALRI Hap2
39 2195 e Hap2 87 WE 115 BIALIRTT  Haps
40 1105 R0 Hap7 AL P. betulaefolia 88 FEFL IAEIRTT Hap9
41 M1 s el Hap6 BEAL P. serrulata 89 JREL WALk SE  Hap?
42 2125 el Hap7 HZY P. bretschneideri 90 e A4 ok Hap3
43 X135 el Hap2 91 eI Tt Hap5
44 2145 HdE Hap5 92 1L EREY ES4 Hap5
45 X155 e Hap5 BB P sinkiangensis 93 JPEIREHTERY B Hap2
46 118 %5 dbl Hap2 FKTBL P. ussuriensis 94 1A L7 Hapl1
47 219 % dE Hap2 VAR P. communis 95 FREBh 48 3 Yo Hapl2
48 21205 R4l Hap7 96 FAE A FKHE Hapl3
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1.2 EFE4H DNA 25

KP4 DNA $RBCR MR CTAB 1, @it
1% (A B REWE FL VKRN 28580 G BETHASN DNA JoT
FIRBE K FE S DNA MREFG RS 30 ng/ L fRAFIH:
FFJG%E PCR 530¥7
1.3 M4R{K DNA 5|¥HfFiE & PCR ¥ 15

Nk 2 PR, &k i e e 40 e 2 4 X R
Aim BN kE A %7, PCR T
Bk & 40 pL, &% DNA H Hx 60 ng, 51 ¥

®2 AHRPABE cpDNA 5|4
Table 2 Chloroplast DNA primer pairs used in this study

0.4 pmol/L,1 x LAmp Master Mix ( B M il 42 4
YR A BR A F ) . PCR ¥ 14 7£ BioRad-S1000
B PCR Y L A7, ¥ 3R )F B 90 °C i 48 %
90 $;90 °C 75 30 5,52 CiB k 40 s,72 C #Efii
90 5,35 MEH ; J )5 72 °C ZE{# 10 min, PCR =
Wadifb s B B S % 5 AT )y
(ABI3730XL Ml JF L) , B4~ cpDNA J Be ¥ i 17
TS o U D5 O L U5 o [ B i v e S R
WRHE A PR A R AT

5 PHEIX 5, nALEL7) S 514 B B (bp)
Code Region Forward sequences(5'-3") Reverse sequences(5'-3") Fragment length
1 ¢rnL intron CGAAATCGGTAGACGCTACG GGGGATAGAGGGACTTGAAC 487
2 tmL-trnF GGTTCAAGTCCCTCTATCCC ATTTGAACTGGTGACACGAG 413
3 mS-psbC GGTTCGAATCCCTCTCTCTC GGTCGTGACCAAGAAACCAC 1518
4 aceD-psal CTTATTCGATCCAATCGTACCAC AGAAGCCATTGCAATTGCCGGAAA 944

1.4 HFESH

M Clustal X 2. 11" %R R DNA F B 435
A1 HORHHEF AT . B A/ 2K (indel ) 402
NG A I g R R R (T/C) . 4
4 BP0 45 A 43 974% B8 ern L intron  ¢rnL-trnF |
trnS-psbC Fl aceD-psal W % 42 5 IF L — 25 7 41
JE AT, R DnaSP va ' gEAT B RN o 5T
AR S 5 (variable sites) | FR— 2 A8 A 55 ( SNP
sites) i A Gft 2K (7 45 (Indel sites) A% H R 2 4
( Pi,nucleotide diversity ) 4% 1 1R 22 5% (k, aver-
age number of nucleotide differences) | B A5 AR % H
(h ,number of haplotypes) ., HA% R Z M (H,, hap-
lotype diversity) \ L% B Z £ 7 22 (V,, variance of
haplotype diversity) \ A% ZFE AR IEZE (S, , stand-
ard deviation of haplotype diversity) Fil Tajima’s D {8,
K H Network v4. 6 FRAFFY HE L T 48K DNA FRA%
RUTE] Y SCHK A

2 FHRE5HMH

2.1 FIsHEEMAGRESH

trnL intron | trnL-trnF | trnS-psbC Fl accD-psal %5
4 Xof LR AR I TE T A REAS T 3 31 1 Jr B BEE
FEIK YK M 552 ~ 616 bp 446 ~464 bp 1343 ~1552 bp
#1696 ~930 bp, HoXf HEJF J5 09 ¥ 51 BE 43 5 A

547 bp 442 bp 1331 bp #1848 bp(F 3), 7E 88 4
WAL= AR A v, A 2 11 AR S5 R
[ ) cpDNA X 380G 51 ) 28 S 457 5 B ], Hevp
trnL. intron (KGR 1 A28 S 85, A8/ ;1 aceD-
psal KEE] 6 ANAR S 85, i Z, BSOSk
B — G713 (SNP) 4 Ak 25 A7 5 (Indel ) 2 F
Indel 3 55 £ 2K HETE aceD-psal X3, i A/ 80k
A PRy — IR G FA I GifiS Sl T/C B T )5 &8
M1, 44 epDNA X Ik 2H & J5 7= 4 10 4~ A% A,
WK A 44 4 Hapl ~ HaplO (58 4) , B FLFh 5% 7
(R B R DL 2% 1, X R 4 S L LIRS AL S Fl 2 oy
Hap5 , M2 /R$17 FL N Hap2 , Bk 151 5 Fl 46 25 340
2 ANVE R SR LA O RRR I R AR A 2R gy
g Ays| Hapl1 ~ Hapl3,

4L R FBE aceD-psal TEFTRINEY 4 4> X,
A SR e 10728 S s B A% IR 22 2542 (0. 00328 )
MR IR 22 5 (1. 898 ) (3£ 3) , 1fii trnL intron
BUAH N AE Y M e /N, e S fios , accD-psal [5] &£
LA B i SR A B R 2 BE 1, AR R 2 R T
05 25 R e 22 B2 155 19N trnS-psbC (V, = 0. 00115,
S, =0.034) . Tajima’s D ¥ % {5 7F -0. 91012 ~
1.65316 ZfEl, 7 P > 0.10 K¥ F¥ A B EH £
HH ARSI ) 4 A X8k DA R A 9 5 1 e B 24 A0 v
PEE AR A
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Table 3 The polymorphic information of cpDNA fragments of 88 pear accessions in this study

. . X X e SR R 2 5 (k)
X3 KB (bp) AR S AR R WABEN S BHRZEMNE(P,)
Average number of
Region Length Variable site SNP site Indel site Nucleotide diversity
nucleotide differences
trnL. intron 547 1 1 0 0. 00008 0. 045
trnL-trnF 442 2 2 0 0.00184 0.812
trnS-psbC 1331 2 2 0 0. 00036 0.484
accD-psal 848 6 1 5 0. 00328 1. 898
4 FF Total 3173 11 6 5 0.00112 3.239

F4 M 88 7 AL Rt 5 TR A AS T B B T 2L R

Table 4 The variations in tested cpDNA regions among 88 accessions

X Jk GBS
Hapl Hap2 Hap3 Hap4 Hap5 Hap6 Hap7 Hap8 Hap9 Hap10
Domain Varitation site
trnl. intron 1 A G G G G G G G G G
trnl-trnF 2 C C C C T T T C C C
3 T T T T T T G T T T
irnS-psbC 4 A A T A A A A A A A
5 A T T T A A A A A A
6 0 0 0 1 1 0 0 0 0 0
7 1 1 1 0 0 0 0 1 1 1
8 0 0 0 0 0 0 0 0 0 1
accD-psal
9 0 1 1 0 0 0 0 0 0 0
10 0 0 0 0 0 0 0 1 0 0
11 C G G C C C C C C C
0 F 1 200 7R HRE Indel S 2k 3% # 46 A
0 and 1 indicate deletion and insertion for certainindel
%5 AL DnaSP REHRBHITRERERER
Table 5 Chloroplast DNA haploypes and the diversity by using DnaSP
‘ . W Z BT 2(V,) BRI ZREPERRIEZE (S),) rP A 56
B 35 WLARS () AT RERE(H,) ’ ’ i
. Variance of Standard Deviation of Tajima’s
Region Number of haplotypes  Haplotype diversity
haplotype diversity haplotype diversity D test
trnL. intron 2 0. 045 0. 00092 0. 030 -0.91012
trnL-trnF 3 0. 643 0. 00041 0. 020 1. 65316
trnS-psbC 3 0. 469 0.00115 0. 034 0. 35089
accD-psal 6 0.720 0. 00034 0.019 1. 36940
A It Total 10 0.769 0. 00055 0.023 1. 29276

2.2 HMItEFEAMREMHENREESH

88 WAL AL 1 Jy it 4 ook it ] LA 432Ky 13
4,36 nTLLE LA ) 3 X HAT AN ] (1) B
RUZH AN, Hap2 il Hap5 fZWdb 2 B =2 A9 FpAE Y
J7RZ 43 A T AR [ X, 2 B R AR
31.82% f130.68% , ZHHX &4 3 FiLd L fs

R, Hp RS 6 R fE Al B HICh
T, A5 P s AL H S AR5 1) Hap8 F1 Hap9 .,
SRPU R A1 LG AR IR AFAE Hapl A1 Hap3 %
AEAEAL, Sk H R G AVE B FERE AL R
AN A P57 ( Hapl . Hap2 . Hap5) , 2¢ B H: A [A]
LSRN, HAEG R RGT
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Table 6 Distribution of ten pear cpDNA haplotypes among different areas of Hubei

i ke i R Hif# 5 Haplotypes
Code Origin Size Hapl  Hap2  Hap3  Hap4  Hap5  Hap6  Hap7 Hap8 Hap9  HaplO
1 8 s 1 1
2 FINI 2 1
3 dthn 3 1 1 1
4 =15 3 1 2
5 & 8 1 4 3
6 MR 4 1 1 2
7 KIH 4 1 1 2
8 i s 1 1
9 L% 6 2 3 1
10 2l 26 11 1 5 1 7 1
11 bjillm} 18 6 5 4 1 2
12 % 7 1 3 2 1
13 vl 5 3 1 1
AT Total 88 2 28 2 27 6 17 1 2 2

2.3 ET 44 cpDNA FEREHERR N W& E

HA W 45 €] ( medium-join network ) #5781 13 F
BAERIE A B OE R (] 2) o mv AR AT REAETE Y
JEthn SRR AT LA A S AR Y 2 7Y
AL AP BAAE R Hapl2  Hapl3 5 HAth 45 5 AL of5
RURABE T, 2 Sr AR, AR mvl B9 55— 4 7R

JrALEAE AL Horh Hap4  HapS  Hap6 ,Hap7 2l —
31X 4 ADFAERITE aceD-psal XIIAELE 1 /1229 bp
MR Bk 2%, 7 H0 Ak i AL A A% A Hap8 |
Hap9 {7 T i A M4 K IR T HARK S mvl 1%,
8 HA R I ) i A A

O
HAP4

B2 EF4NMHEEERRREAREFRMPTMEE
Fig.2 Median-Joining network based on the haplotypes of

96 pear accessions in combination of four cpDNA fragments

3 g

AR ML) F S AN 2R A LR (] A4 7R B AN A
Ao A SRR R I S 2 2 AR B K o) i TR
SRR B G DX AR B A AL — >
R, TR BN FAL MG BORRD AL (RS D AL,

B SR e Ry A IR ERAL TR & F A4
TSR TNy, MOk £ Y Ay A W 2 i
7, A BUWE DB — AR Tl A A A I8 B
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BEZRHE , e T R G A A R0 A
SR SRR R A i B AR S (R 4378 S 0 5
B A g A X R R R B3 5 T A P sl ] 4y
BT ASBFTEFT 4 A0SR R B RF A
AR 38 G st A8 ZREPERESY ., HH aceD-psal
R e AR IR 2 A X S AT AR A R —
U, Sk B OL T A AL RN T Y a5 AL 2 R A L
(H,=0.577,P, =0.00055) "' AL L 5 &7 th B
R E AR (H, =0.769, P, =0.00112) , A RERY
S RUEAE T 2] T AL B aceD-psal FEH R Bt
BG4 5 AR BTSSR, 430k A SRPU RS 3 4
B (3 RS L) AR R A B BURR], %
B cpDNA ] B} R85 A B T AL IR BT 50 .

FET 4 A4 cpDNA R B4 6 )7 54 i i b A
LRI RE R I S LESE T AR 5 ALRPE 5 AL ST
BB T AR Ty BLET A R e , LA (P. callery-
ana Decne) [ 2 3 Fh I G 11 S AR T 2 5545
4353 HapS Al Hap2 , s T H R N 35 1)L
ZRENE X SWITL G AR B R as R—80 Y, |
SAWE R —AFITEADE 5 I RS B X ) R &L
HEWRTE RGP RIE SR . AT AR
(P. betulaefolia Bge. ) HA 7 WA A5 A Hap9 H AL
TR ET BRI MR B Al sE7E AR
V7 B AL R AL AR, X 5 X, Zheng %10 3T
ZFl DNA RO 93 F R G2 o 45 A — 3, It
Hb TR AN R S AR 7 ALY Jy B A FiE I A
WFFE TSR AL A Ah 2R R A 2L BT ALl Hap2 , 7R
HBE ZRA R R )7 B I

X R P ) A8 S A7 e LG X A B WO R
SN I RP AL (AL P ) BT RIEN R HapS .
TIAEHIAL 13 A~ HLIX ) 88 £ B4 Fh ot Hh A U 2 10 A4~
FAETIHE T Haps AR S AR A 89 1/3,
MEBEFR R IR BT AR RN £ & st e 24
PEo ook B 2% AR R RS I 3] ) 2
HAERIAR SR 22 Holp DL Hap2 0 3, ILAME S A 38
A B HAEFIA Hapd F1 HaplO, 361171 B4R 5
oI 2 i B B Ol 2, U R e A B
U B AL Hap8 il Hap9 , IfifJ& T Hap8 AYAUA 1 £
TS, BIR F RT3 AR D BRI A 1 | EIE TR
(A RV Sl B A b AL DAY | 1 A3 A5 1 L[]
EPR AT EE T 2 R R — L, R
T Hap9 W47 2 43 Fh B B AL BNk B, K AL
FIRTT HARSEHT T e 20 A AR R BT 5 P v

FUREML, WG HA 2 38 1 5, AR T
A5 SSR ARICX 45 Gyl 7] A b i 2 1 AR AL
GEIRBT TS R A E R Bt 2k 25 LS
R T AT RE MRS RGE I O BUR e 2R 0 2
— (B B S X W AR B 22 B B IR A TUESE
PRI IHG A i 7 T2 R s O X 2 X ) L Jot 9 A A
PRI AR BT
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