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Analysis of genetic diversity and evaluation of disease resistance to pear

fire blight of Pyrus betulifolia Bunge seedling

JIANG Yuan, WEI Jie", WANG Yan, LI Yongfeng, XIE Hongjiang, CUI Long

(Agricultural Scientific Institute of 2nd Division of Xinjiang Production and Construction Corps, Tiemenguan 841005, Xinjiang, China)
Abstract: [Objectivel Pyrus betulifolia Bunge is widely used as a rootstock for pears in Xinjiang due
to its deep root system, drought resistance, waterlogging resistance, cold resistance, salinity resistance
and other characteristics. In recent years, pear fire blight has been spreading rapidly in Xinjiang and be-
come a major threat to the development of characteristic forestry and fruit industry in Xinjiang, especial-
ly to the Kuerlexiang Li pear industry in the south of Xinjiang. P. betulifolia and Kuerlexiang Li pear
are of poor resistance to pear fire blight. Germplasm resources are the important material basis for pear
breeding, production, as well as scientific research. Studying the genetic diversity and disease resistance
of the seedling offsprings of P. betulifolia is important for the subsequent research in the genetic diver-
sity of P. betulifolia at molecular level and the excavation of disease-resistant genes. [Methods] The
morphological genetic diversity analysis of 19 qualitative traits and 6 quantitative traits of 196 cultivated
P. betulifolia seedlings were conducted. Seedling resistance was identified by artificial inoculation with
pear fire blight fungus, and the comprehensive evaluation was combined with the field disease investiga-
tion. [Results] Leaves of P. betulifolia seedlings were more diversified in morphological characters.
Leaf shape ranged from ovate, elliptic, to lanceolate. The shape of leaf base was narrowly to broadly

wedge-shaped, round, or truncate. The leaf apex was broadly to narrowly acuate. The leaf margin was
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mostly acutely serrate. All the 196 samples investigated showed no lobe, no seta on leaf margin, no pu-
bescence on the back of mature leaf, no stipules, and no thorn. The leaf shape was mainly ovate
(84.18%); the shape of leaf base was mainly wide wedge-shaped and wedge-shaped (55.10% and 30.61%,
respectively); the shape of leaf apex was mainly broadly or narrowly acuate (45.92% and 47.96%, re-
spectively); the leaf margin was mainly serrate (serration) (99.49% ). The status of leaf surface was
mainly enclasped (60.71% ), and the latitude of leaf in relative to the shoot was mainly downwards
(70.92%). The bark was generally longitudinally cracked, accounting for 93.88%. The tree posture was
mainly semi-spreading or spreading, accounting for 50.51% and 36.22%, respectively. The density of
lenticels on one-year-old branches was mainly medium or many, accounting for 53.06% and 45.41%, re-
spectively. The leaf bud posture was mainly oblique, accounting for 70.41%. The size of bud receptacle
was mainly small, accounting for 92.34%. The tree vigor was generally strong. The color of one-year-
old shoot was mainly red brown and yellow brown, accounting for 38.27% and 35.71%, respectively.
The genetic diversity index of the 14 qualitative traits ranged from 0.03 to 1.20. The genetic diversity in-
dexes of leaf base shape (1.04), tree habit (1.08), tree vigor (1.01), and annual branch color (1.20) were
relatively high. Six quantitative traits had a coefficient of variation ranging from 11.14% to 22.27%.
The of leaf area had the largest coefficient of variation of 22.27%, followed by leaf petiole length
(21.73%), and the coefficients of variation of the 6 quantitative traits were relatively low ranging from
11.14% to 11.73%. The genetic diversity index of the 6 quantitative traits ranged from 1.95 to 2.07. The
genetic diversity indices of the quantitative traits were much greater than those of the qualitative traits,
indicating that the phenotypic diversity of the quantitative traits was relatively high. No high resistance
materials were found from the 196 P. betulifolia seedlings. There were four disease resistant (R) seed-
lings and ten moderately resistant (MR) seedling. There were 36 seedlings (18.37%) exhibiting moder-
ate susceptibility (MS), 58 (29.59%) exhibiting susceptibility (S), and 88 (44.90%) exhibiting high sus-
ceptibility (HS). Most of the seedlings (92.86%) showed different degrees of susceptibility to pear fire
blight fungus, indicating a lack of resistant materials in the tested P. betulifolia seedlings. The disease
pattern in the field showed that the degree of disease was light in the juvenile stage and increased after
entering the adult stage, and the stronger the tree, the higher the disease incidence. [Conclusion]This re-
sult provides a material basis for further study of the germplasm diversity of P. betulifolia, as well as for
breeding of rootstock resistant to pear fire blight and the excavation of disease resistance genes.
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Leaf shape. Ovate (B, E, F, G, H, I, O, P), elliptic (D, J, L, N), lanceolate (A, C, K, M); Shape of leaf base. Narrow wedge-shaped (C), wedge-
shaped (B, D, I, K, L, N), wide wedge-shaped (A, F, G, H, J, M), round (E, P), truncate (O); Shape of leaf apex. Gradually acuate (C, D, G, J, K, L,

M), sharp-acuate (F, N, O), long tail acuate (sharp) (A, B, E, H, I, P).

E1 TRERHFEIEEHH FMIREFE
Fig. 1 Characteristics of leaf traits of different P. betulifolia seedlings
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Table 1 Diversity analysis of quality traits of 196 P. betulifolia seedlings
PR 73 Grading of traits WAL LR
R B
AR -
Quality trait Genetic
0 1 2 3 4 5 6 7 diversity
index, H’
R AR A GBI 1R T P 0.55
Leaf shape Round(0) Ovate Elliptic Lanceolate
(0.841 8) (0.071 4> (0.086 7>
IR AR RS P2 i B A HY O 1.04
Shape of Narrow wedge- Wedge-shaped =~ Wide wedge- Round Truncate Cordate
leaf base shaped (0.306 1) shaped(0.551 00 (0.122 4) (0.005 1) (0
(0.0153)
HENSIZIN RN [GIEN AR KREREILD 0.88
Shape of Gradually Obtuse(0) Sharp-acuate Long tail acuate
leaf apex acuate(0.459 2) (0.061 2> (Sharp)(0.479 6)
3 A% B Bl 4F 1 BUAR R (B BERR 0.03
Leaf margin Entire(0) Crenate(0) Serrae (Serration) Biserrate
(0.994 9 (0.005 1)
e 7x f 0.00
Lobe Absent(1) Present(0)
o 7 f 0.00
Seta on leaf Absent(1) Present(0)
margin
IR 7 f 0.00
Pubescence on Absent(1) Present(0)
the back of
mature leaf
R AR PR & & WR 0.94
Status of leaf Flat Enclasped Back-rolled Wavy(0)
surface (0.229 6> (0.607 1D (0.163 3>
-2 R L KP FHAR 0.78
Latitude of leaf in Upwards Outwards Downwards
relation to shoot (0.091 8 (0.199 0O (0.709 2
o o f 0.00
Presents of stipule Absent(1) Present(0)
T B RFAE i PR JrIRR% 0.25
Bark charact Smooth Longitudinal Exfoliate
of trunk (0.005 1D cracked(0.938 8) (0.056 1)
ES ioke) L Tk Ik R 1.08
Tree habit Fastigiate Upright Semi spreading ~ Spreading Drooping
(0.005 1D (0.086 7) (0.3622) (0.505 1) (0.040 8
VAR R R LB Tl b o EZ 0.76
Number of Absent or Few Medium Many
lenticels on extremely (0.0153) (0.530 6) (0.454 1D
one-year-old shoot few(0)
MRS JISa S A #HE [ 0.81
Position of vegeta- Adpressed Upright held Slightly held Markedly
tive bud in relation (0.0357) out(0.030 6) out(0.704 1) held out
to shoot (0.229 6)
2 T R Ak EN B 0.32
Characteristics of Acute Obtuse
apex of vegetative (0.903 1) (0.096 9
bud
SN » o s 029
Size of bud Small Medium Large
support (0.923 4 (0.071 4> (0.005 1>
R 5 T i 1.01
Tree vigor Weak Medium Strong
(0.224 5 (0.239 8 (0.5357
B 7x f 0.00
Thorn Absent(0) Present(1)
VAFELE R SRt IRAE AR AR L) e i BIRG 1.20
Color of one- Green yellow  Gray brown Yellow brown Red brown Brown Purple Black brown
year old shoot (0.0102> (0.005 1) (0.357 (0.3827) (0.2347) brown(0) (0.0102)

AT R PR 7 R P 5 LA

Note: The data in brackets are proportion of trait classification values.
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Table 2 Analysis on variation degree of quality traits of 196 P. betulifolia seedlings

iR Quality trait ARfEMax.  H/MEMin,  PHfEMean  bRiflZE SD A5 RECVI%
- F TR Leaf shape 4 2 2.24 0.60 26.79
3L AR Shape of leaf base 5 1 2.80 0.69 24.64
2R JEIR Shape of leaf apex 4 1 2.56 1.46 57.03
"% Leaf margin 4 3 3.01 0.07 233
% Lobe 0 0 0.00 0.00

7 Seta on leaf margin 0 0 0.00 0.00

175 = Pubescence on the back of mature leaf 0 0 0.00 0.00

A AR S Status of leaf surface 3 1 1.93 0.62 32.12
% Latitude of leaf in relation to shoot 3 1 2.62 0.65 24.81
FEM Presece of stipules 0 0 0.00 0.00

T B FFAE Bark character of trunk 3 1 2.05 0.24 11.71
W 2 Tree habit 5 1 3.49 0.73 20.92
1 A A K2 FLEE Number of lenticels on one-year-old shoot 7 3 5.88 1.06 18.03
I 2745 Position of vegetative bud in relation to shoot 4 1 2.26 0.57 25.22
H2ZE T AE Character of apex of vegetative bud 2 1 1.10 0.30 27.27
ZEFEK/I Size of bud support 7 3 3.16 0.59 18.67
Fi 4 Tree vigor 7 3 5.62 1.63 29.00
13l Thorn 1 1 1.00 0.00 0.00
1 EEA i Color of one-year-old shoot 7 1 3.87 0.88 22.74

22 HMELEFHHEMWKZSHEESH

196 17 K1 L S A= P 6 A B0 10K 1Y) 1 2 45 SR DL
FIMF 4. HRIAM, 6 MEEMEIRA T R
15 11.14%~22.27% 18], W T AR 28 S R AR K, 9
22.27%, FAR MK , N 21.74%, T FE HORTH &
(175 S 22 O O IR, 20 30l R 11.14% 0 11.73% .t
451, 6 A H PR R 38 AL 2 R 1 FR 2P 1.95~
2.07 2 [i), B B B R et fE 2 R . BE k)
WAL Z FEVETR Bom K T i E PR (st A% 2 R TR

B, Ui I BCE MEIR R B 5 AL 2 FEEARRT B N .

A P 8 A% 2 FE MR B R, v 2.07, T
FA AL 2 FEVERR B/ . N 1.95, 6 DM EE TR 1Y)
B AL Z AR B0 B 2 A K. T AR o AR
H7E 10.52~15.05 em’, 15 0.632 7, K< L Z AL 7
5.68~6.81 cm, 15 0.621 3, M 5% & B4 1 7F 2.85~
3.51 cm, 0.607 2, AR EZEHTE 1.97~2.80 cm,
17 0.617 4, HIEFaE 3 AP 7E 1.76~2.20, 50.739 9,
F A T AR TP E 2.80~3.25 em, 15 0.418 4.
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Table 3 Analysis on variation degree of quantitative traits of 196 P. betulifolia seedlings

PEIR Trait IR A Max. /M Min, “F-35){H Mean bk ZE SD AR5 RELCVI%
I Leaf area/cm’ 30.47 5.65 13.54 3.02 2227
4K Leaf length/cm 8.45 3.86 6.43 0.75 11.73
%% Leaf width/cm 5.63 2.26 3.29 0.44 13.37
A Petiole length/cm 431 1.44 2.52 0.55 21.74
I JE$5 %X Leaf shape index 2.71 1.50 1.98 0.22 11.14
/A1 & Length of internode/cm 4.20 1.58 3.02 0.45 14.91
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Table 4 Diversity analysis of quantitative traits of 196 P. betulifolia seedlings

. WiE LR
PEIR 555 PEAREC
PEIR Trait Grading of character Genetic
diversity
1 2 3 4 5 6 7 8 9 10 index, H’
L NIapA >19.58 >18.07~ >16.56~ >15.05~ >13.54~ >12.03~ >10.52~ >9.01~ 7.50~9.01 <7.50 1.95
Leafarea/em’  (0.0255) 19.58 18.07 16.56 15.05 13.54 12.03 10.52 (0.0153) (0.0153)
(0.0306) (0.0459) (0.1480) (0.2347) (0.2041) (0.1939)  (0.086 7)
RIS >7.93  >7.56~7.93 >7.18~7.56>6.81~7.18 >6.43~6.81 >6.06~6.43 >5.68~6.06 >5.31~5.68 4.93~5.31 <4.93 2.0l
Leaf length/cm  (0.035 7) (0.056 1)  (0.0714) (0.1020) (0.2143) (0.2296) (0.1684) (0.0969)  (0.0153) (0.0102)
7 >4.17  >3.95~4.17 >3.73~3.95>3.51~3.73 >3.29~3.51 >3.07~3.29 >2.85~3.07 >2.63~2.85 2.41~2.63 <2.41 1.98
Leaf width/em  (0.0255) (0.0306)  (0.056 1) (0.1582) (0.2041) (0.2143) (0.1888) (0.0867)  (0.0153) (0.0204)
K >3.62  >3.35~3.62 >3.07~3.35>2.80~3.07 >2.52~2.80 >2.25~2.52 >1.97~2.25 >1.70~1.97 1.42~1.70 <142 1.96
Petiole length/cm (0.056 1) (0.030 6)  (0.0612) (0.1020)  (0.1735)  (0.2449) (0.1990)  (0.1173)  (0.0153) (0.000 0)
S >242 >231~2.42 >2.20~2.31>2.09~2.20 >1.98~2.09 >1.87~1.98 >1.76~1.87 >1.65~1.76 1.54~1.65 <1.54 2.03
Leaf shape index (0.040 8) (0.0306)  (0.0714) (0.1480)  (0.1888)  (0.1939) (0.2092)  (0.0510)  (0.056 1) (0.0102)
RHRNES >3.92 >3.70~3.92 >3.47~3.70>3.25~3.47 >3.02~3.25 >2.80~3.02 >2.57~2.80 >2.35~2.57 2.12~2.35 <2.12  2.07
Length of (0.0306) (0.0357)  (0.0918) (0.1378) (0.1990) (0.2194) (0.1276)  (0.0969)  (0.040 8) (0.020 4)
internode/cm

2.3 AEESTAEEREEN

X 196 47 FE AL 52 AR Vi 1 B AR 26 N TR AL K
R W JE BEAT RN (2, i R R BLE B
PR PR (RO SEA T B 440y, P HTOMRO S A 1 9%
A 104, RIHFRERMS MBS 3617, L
18.37% ; & Bl H &R (S A kL4 58 4y, 5 Eb
29.59% ; & Bl = I (HS) M R 88 43, 5 L
44.90% . K4 (92.86% ) Ft FL 5 AR T B X ALk
£ 995 B A T LR A R R B ) i B A P A 2
SEAE T PP R BN =
100 ¢
90 _
80
70

60
50 t
=40 ¢
30 G
20

10
or oo

[ E 1 T ST 1 SR [
High Resistant Middle Middle Susceptive High
resistant resistant susceptive susceptive

== Number

E=R

KA Type

B2 196 {3 BISE A X BN E R E AL KT
Fig. 2 Levels of resistance to the pear fire blight fungus of
196 P. betulifolia seedlings
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Table 5 Fire blight incidence in different trees of 196 P. betulifolia seedlings
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