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Study on the Pollen Morphology, Taxonomy and Clustering of
the Local varieties of Apples

WANG Da-jiang, WANG Kun,GAO Yuan,LIU Li-jun, GONG Xin
(Research Institute of Pomology ,CAAS/Key Laboratory of Horticulture Crops Germplasm
Resources Utilization , Ministry of Agriculture ,Xingcheng Liaoning 125100 )

Abstract ;: Pollen morphology of 25 local varieties, 10 wild species,3 cultivars and 2 hybrids of Malus were ob-
served through scanning electron microscope , cluster analysis with UPGMA based on the shape, the length of equato-
rial axis,the length of polar axis and the other 8 indexes. The results indicated that Malus pollen belonged to the
N, P,C; type,prolate sphericity or ultra prolate sphericity with striate pattern and some small pores on the exine sur-
face,the size and exine sculpture of pollen from different varieties were significantly distinct, the local variety
¢ Zaobaihaitang’ which didn’ t have stripe was different from others. From the UPGMA cluster analysis at the 1. 30
level of genetic distance ,40 taxa could be classified into 9 groups, some local varieties distributed over the wild spe-
cies, cultivates and hybrids, the others clustered into a category respectively. Pollen morphology of local varieties
were rich in diversity, it need to be combined with other classification methods to taxonomy the local varieties except
for some specific local varieties;and some local varieties originated from M. sieversii ( Ledeb. ) Roem or originated
from the natural hybridization between M. sieversii ( Ledeb. ) Roem and others wild species or cultivars, other local
varieties and the diversity emerged after natural hybrid and artificial selection,and the local varieties have important
value in scientific research.
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Table 1 Malus germplasm resources

Eixes RN FR i)
Code Material name Origin place of resources
1 I\ Wi it 3 b E L
2 AINBRL L\ A 1 b E L
3 /NI T CHEREE(d
4 EAR(TEL r AT L
5 LS i CUEREE(d
6 e 1 ¥ 5 CAEEREE(d
7 IR TS A CAEREE(d
8 RS AT L
9 S H A AT L
10 iR S i ET
11 SRR 3 ] e
12 LT SR rh [
13 gRT rh [
14 AR rh [
15 ESaES rh [
16 [eR -2 S o ] B e
17 EWERT ] B g
18 FIH i ] B g
19 By &2 7 31 i ] B g
20 AR i ] B B
21 LI PG ARAR SN
22 R EaN rE 1L g
23 ARG HE 5 SRIESIER
24 SEFEMENH CHEENIES
25 =T o AR
26 L7 LT
27 BATILI T LT
28 BEr# L o [ SR T
29 FLRE LA E NS
30 E1LHF LT
31 LI A T 5 SRIESIER
32 R WA T E 2
33 Bl 7 v 3 rhE
34 BRI AR v ) B s
35 WP 55 Jb
36 2 SR R
37 L 7 3 i
38 R b2
39 PR 5 W T
40 VRS EE:N

1 ~25 STy ;26 ~ 35 S BF AR Rl SCHOR [RI 21 536 ~ 38 Sk 5%
39 40 S Zese b
1 =25 are local varieties,26 — 35 are wild species or their different styles,

36 —38 are cultivars,39 and 40 are hybrids



86 iR/ A

17 &

1.2 FHik

I b A RS-, A8 A RS RS 5 4 At Ry
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KAEWIAES: B0y G 3 BRI TN A4 10 2548
#1, BN AR AT R HAEIR A A 1.5 mL B0
B BBOE T 4CUAE A AR R B EEAE D
FE AL K2z A AR AR 5T O A R B B S B E A T
W AER Y SR e U S L Y 224 1, R HITACHI
A S-3400 FAH LB ILEE, N 15 kv, BEHL
HAIA AR R A TR R 38 3 5 R Tmage Tool
3.6 MBI ER AT (P) JRERN(E) P/E K
Yo SRR LR fLIEAR RIS SR bR, A
Tt bR A A 20 N EHRIBCE4ME, A DPS 9.5 (126
SEXI: (UPGMA) A TR 04T,

2 FERE5HMH

2.1 #EHER

W 1 RS FEULI Y 40 335 LGSR A AL B
RAKERIE BB K ERIE (1. 65 ~2.10) ,10 4S5 &
FCARBRIRTE | 43 51 R /N LI\ b 1 2 /NI L 42
F R PR TR L0 R B A
A e AR IR I A SR LL P ARAS  FLAr 15 A4S
7 it A oA BRI  BFAE BRI 3 AR EROE | 431
AT LI IR LR R LR LR Ay 7
BN BRIE ;3 AR S Rl 8 K IKIE 5 Je 58 fh
PR HAEE K BROY | AR JE G 5K BRI . B
AEA I T 35 R R (B | i 1T Ry — 24 B | 23l T H
3 kAL ARt Ty 1) S 2 A J AR T = AL R
#RI N, P,
2.2 MK

R 2 iR 40 1 %R B9 468 B S 36. 74 ~
47.97 wm,FEI{H N 43.23 wm; AR iE K 19. 86 ~
25. 15 wm, EXIME K 22,26 wm, 17 SRR AL B
KM 36.74 ~47.15 pm, FIME N 43.27 pm, ARiE
B 19.86 ~25.15 wm, FH{H K 22.23 pm, Hfp
AER R b SR T4, K/ R 47,15 pm x
22. 42 pm, FyINARAS T, K/INA 36,74 pm x21. 20 pim;
P/E{E ] 1.65 ~2. 10, F34°4 1. 94, F/MA AT H 2L A
SR B R B VU, B AR BRI A R A A
38.66 ~47.97 wm, F-YJE A 43. 38, ArilifliK 21. 51 ~
23.51 wm, FIME K 22. 42 um, Hd R 0 Ay
W3R, K/NK 47,97 wm x23. 51 pm, /N R 5T
SEEFIER N 38.66 wm x23.21 wm;P/E {2l 1. 67
~2.07 SEIME 9 1. 94, B K0 g 45 1A I 1L 3

L AEAYIRIE T CRJBVGHE) 52 . ALY (T RT3 5
a ~ £ AR APRELUHG ; a: AUH AL (1R AL ) ;
b : PR [0 AT, PSR aE 7 AT (BRI )
e ANHLIN , ZRBCME S (PR TERERLL ) 5 o AR 7 10 P4 (BRE A L
T s BUA SRS EFRHE) o BEEIRAE SO (1L T)

1:Pollen in equatorial view( Zhumeihaitang) ,2 :Pollen in polar

view ( Aliusitang) ,a-f: Pollen exine omamentation
a:Only have pores( Zaobaihaitang) ,b:Pore axis parallel near the middle
( Longdonghaitang) , ¢ : Irregular vertically and horizontally
(Baodehaihong) ,d; Parallel to the pole axis( Jingbohu
shanjingzi) ,e:Only have stripes( Yexianghaitang) ,
f:Resemble ‘ Boji’ dactylogram ( Shanjingzi)
1 ERMERFFERLEMES

Fig.1 Pollen morphology of Malus germplasm resources

5, /NI R R BRI S AL AR B Rl R A
41.21 ~ 44.51 pm, V3K 42.89 wm, 77 36 4l K
21.59 ~23.17 pm, ,“FY¥{H K 22. 34 pm, fEF K/
WU B 2 % i SRR B AR P/E K
INA1.91 ~ 1,93 SFEIIME M 1. 92, e KB AR 2 1
FISEAR /N R B A 2 S 2B Rl Al T 3 K
42.46 pm, 778 K 21,72 pm, P/E 5358
2.01 #11.91,
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Table 2 Comparing the ESEM observation of pollen morphology of different Malus germplasm resources

. % (um) Ridge ZE 1L Pore
e e fh > R iE W, EBIEAR KBUR, X T R
(‘pm) IR Pollen Stripes, T i HAE(pm) %EF(A/pum?) "
Code L Middle and polar
PxE P/E shape divarication Width Interval Diameter Density
distribution

1 (43.42£1.97) x  1.98+0.04 Kk IR 0.15+0.02 0.26 £0.09 0.17 £0.04 1.520 ¥4
(21.88 +1.64) Hsi, 2

2 (44.30 £2.56) x  2.10+0.05 H#KIK pp 0.24 +0.03 0.17 £0.05 0.13 +£0.05 0.054 1%
(21.14 +1.46) Hsi, 2

3 (45.99 £1.12) x  2.03+£0.22 HBKER EP-PP-EP  0.13 £0.04 0.13 +0.05 0.12 +0.03 1.781 15
(22.69 £1.90) qn#% , /b

4 (45.55£1.27) x  2.03£0.05 HKER PP 0.18 £0.02 0.15£0.04 0.17 £0.06 0.517 EN)
(22.42 +£1.49) s, >

5 (45.40 £2.88) x 1.81+0.08 Ik — — — 0.23 £0.02 1.474 5]
(25.14 +2.80)

6 (44.95£1.37) x  1.99+0.09 KBk EP-PP-EP  0.15+0.03 0.24 +0.11 0.17 +0.08 1.377 ¥4
(22.62+1.19) HEi, b

7 (46.53 £1.78) x  2.07 £0.17 H#KIK BQ 0.16 £0.02 0.16 £0.03 0.10 0. 03 0. 466 EA)
(22.47 £1.30) s, >

8 (47.15£1.62) x  2.10+0.08 #KIK PP 0.13+0.03 0.08 +0.03 0.10 £0.02 0.744 > %
(22.42 £1.44) 4%, %

9 (39.24 £1.01) x  1.83£0.06 Kk PP 0.15+0.02 0.16 +0.04 0.15 £0.03 0.325 5]
(21.40 £1.13) HEL, D

10 (41.81£1.45) x  1.87£0.05 Kk IR 0.19 £0.04 0.11 £0.03 0.12 £0.05 0.622 EA
(22.32+£1.03) ik o

11 (40.99 £2.15) x  2.06 +0.04 #BKIK IR 0.21 £0.04 0.13 £0.03 0.14 +0.04 0.301 ER
(19.86 £1.49) e, =

12 (41.55£1.99) x  1.65+0.12 KIk IR 0.23£0.04 0.20 £0.07 0.14 £0.05 0.772 b %
(25.15+1.51) Hs, 2

13 (40.96 +1.06) x 1.88+£0.04 Kk IR 0.16 £0.03 0.16 £0.06 0.21 £0.08 1.523 EA
(21.81 +1.45) s, £

14 (41.16 £1.26) x  1.87 +0.07 KIk PP 0.17 £0.02 0.13 £0.04 0.11 £0.04 0.605 U 7
(21.97 £1.34) it o

15 (43.01 £1.32) x  1.90+0.08  KEk PP 0.16 £0.02 0.16 £0.04 — — —
(22.65 +1.30) i, 2

16 (43.28 £1.85) x  2.02+0.09 HKER BQ 0.20 £0.03 0.15£0.04 0.17 £0.04 0.430 E)
(21.38 +1.86) g, >

17 (44.34 £1.08) x  2.06+0.09 Ik IR 0.12+£0.02 0.26 £0.06 0.21 +0.05 2.164 1%
(21.52 £1.12) 4l , %

18 (44.50 £1.73) x  1.99£0.05 KIk PP 0.15+0.02 0.29 +£0.05 0.25 £0.05 1.499 15
(22.32 £1.03) s, >

19 (44.14+1.97) x 1.82+0.06 Kk IR 0.19+0.02 0.16 +0.03 0.15 £0.04 0.277 EA
(24.28 +0.12) AR, b

20 (44.68 £1.93) x  2.01 £0.05 H#KIK PP 0.21 £0.03 0.16 £0.04 0.17 £0.04 0.539 ¥4

(22.20 £1.54) s, >
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F2(8)
A eI sk T () Ridge FHAL Pore
5 s 7% 3 Bl i S R
(pm) Pollen Stripes, G 5 HAZ(wm) B (D pm?)
Code P/E o Middle and polar
PxE shape divarication Width Interval Diameter Density
distribution

21 (44.27 +1.12) x 2.01 £0.06 #EKxk EP-PP-EP  0.15£0.02 0.14 £0.04 0.24 £0.06 0.511 7
(21.99 +1.31) i, 2

22 (43.07£1.85) x 1.96+0.15 KIk IR 0.20 £0.04 0.17 +0.03 0.17 £0.05 0.825 EA)
(21.96 +1.37) i, 2

23 (42.24£1.90) x 1.99£0.09 Kk EP-PP-EP  0.17 £0.04 0.15 +0.04 — — —
(21.24 £0.98) Hisi, £

24 (42.41%1.68) x 1.96£0.09 Kk EP-PP-EP  0.20 £0.04 0.13 +0.03 — — —
(21.64 +1.21) e, £

25 (36.74+1.54) x 1.73£0.08 K3k PP 0.15£0.03 0.14 +0.03 — — —
(21.20 +1.45) %

26 (42.89+2.60) x 1.91+0.09 KIk BQ 0.20 £0.04 0.19 +0.03 0.20 £0.04 1.982 ¥4
(22.48 +2.04) HHs, 2

27  (47.97+1.20) x 2.04+0.09 MKk PP 0.12+0.03 0.20+0.07 0.13 £0.03 0.904 |
(23.51+1.51) A, /b

28 (44.6 £2.00) x 2.07 £0.07 #EKER PP 0.19+0.04 0.15+0.06 0.16 £0.05 0.953 EA)
(21.59 £1.92) bl

29 (44.04 £3.26) x 2.05=0.19 #EKER PP 0.17 +0.03 0.18 £0.06 0.19 £0.03 1.355 ¥4
(21.51 £2.05) FHs, 2

30 (43.37%2.19) x 1.92+0.07 KFk PP 0.20+0.03 0.17 £0.05 0.18 £0.04 0. 660 ¥4
(22.62 £1.53) Fs, 2

31 (41.87+1.49) x 1.94+0.08 KFk IR 0.24+0.04 0.16 +0.06 0.15 £0.05 0.126 N~
(21.58 £1.75) FHsi, 2

32 (42.20+1.57) x 1.87+0.07 KIR PP 0.17 +0.03 0.13 +0.03 — — —
(22.59 +1.81) e, %

33 (44.42+1.47) x 1.95+0.08 KIR EP-PP-EP  0.16+0.02 0.13 £0.03 0.15 +0.04 0.382 ¥4
(22.74 £1.59) Hsi, 2

34 (38.66+2.66) x 1.67+0.08 KR IR 0.18+0.04 0.16 +0.04 0.17 =0.04 1.217 E
(23.21 £1.12) HHs, 2

35 (43.81%3.54) x 1.96+0.09 KIk IR 0.18 +0.02 0.21 +0.03 — — —
(22.35 +3.00) i, 2

36 (44.51x1.14) x 1.92£0.07 KK IR 0.13 £0.03 0.15+0.02 0.16 =0.04 1.131 % b
(23.17 £1.69) A, b

37 (42.95+1.92) x 1.93+0.08 KFk EP-PP-EP  0.13 £0.02 0.15 £0.03 0.09 +0.02 1.673 5]
(22.27 +1.29) i, b

38 (41.21+0.29) x 1.91+0.06 KFk PP 0.18 +0.03 0.16 +0.03 0.25 0.08 0.887 N
(21.59 £1.26) FHgi, 2

39 (42.69%2.77) x 2.01£0.08 MKk PP 0.15+0.02 0.18 £0.04 0.27 £0.07 1.467 o ls|
(21.28 +1.35) s, >

40 (42.23%2.39) x 1.910.07 KBk EP-PP-EP  0.2020.03 0.18 £0.04 0.19 +0.04 1.086 % /b
(22.15 +1.41) HHis, 20

PP AR5 54T s EP-PP-EP ; FAliRA I 16 AT , PUSwA% 718 77 161-F47 ; BQ  EFOIRIB S IR KU , SR RS, BKBR: P/E > 25 KK 1.5 <
P/E <2 AIRE0R R 0L <0. 15 pm HURBOR  RF 9020, 15 pm; RECRHSIBINL  SFHE =0. 15 wm s FRECRHES H % SHHE <0. 15 pm
PP Parallel to the pole axis, EP-PP-EP;Pole axis parallel near the middle turn to equator parallel near the polar,BQ:Resemble ‘ Bogi’ daetylogram, IR ;

Trregular, vertically and horizontally. Ultra prolate; P/E =2 ,Prolate;1.5 <P/E <2, Thin stripes: Ridge width <0. 15 wm, Thick stripes; Ridge width =

0. 15 pm, Sparse stripes: Ridge interval =0. 15 pm, Dense stripes: Ridge interval <0. 15 pm
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FERS R SNRESCI AP 1 a ~ £ IR, ) 26
(i) P M E S 2 S K B T B 1 T S AN RE T 2k
W, ARG SR B0R , SR BORHES 247 4 P
B o3 SRR A 7 AT (PP) | v R 5 ] P AT
WS %38 77 17 F- 4T ( EP-PP-EP) | S 2R 15 580 (BQ)
FURHUIN SRS A (IR ) o M7 i b R THI R 2L
9 4~k PP,8 ~2K IR,5 1~k EP-PP-EP,2 /1~ BQ, 1
A HTCEBUR 580 XL B 10 AFTR 14 4%
TRABUr R /D 585 0.12 ~0. 24 pum, P
0. 18 pum, S KA /N L\ i 35, B /DN Ol
WA R T 4B N 0.08 ~0.29 pm, EH K
0. 17 wm, T K0 R S5, B/ R v 1 55 28 FL K
/NA0.10 ~0.25 pm, FIEHR 0. 16 pwm, T KA
FIA, e/ NI S PR - SR RNV T 3 SR AL
0.054 ~2. 164 ~/pum’* ,*F324 0. 870 4~/ pum’, Fie K
B R BRI R T, B/ NI R /NI LL e TR 3

YRR 5 A PPL3 AN IR, 1 A EP-PP-
EP,1 0 BQ; 58U N Z WA 2 41,8 X
A HFFER 0.12 ~0.24 pm, F3 R 0. 18 um, &
B by LA U 5, die /N SR AT LR SRR R
0.13 ~0.21 pm,F¥8 0. 17 wm, F K8 4 B F il
H fe /NI R AR E MRS R Bl AR g e ZE LR/ R
0.13 ~0.20 pm,FH4°8 0. 17 wm, F KA A LT,
T/ N Sk PR LR 5 ZE AL O 0,126 ~ 1,982
A/ wm® e KA LT B/ N A LU g 3

3 A TR SR BU5 AT 43 A IR EP-PP-EP FI
PP 5805 XM/ 25 560 0.13 ~0. 18 pum, °F
P40, 15 pm, 2858 HN 0. 18 pum, Hx 2 ¥R
0.13 wm; & H 0.15 ~0.16 wm, B2 H N
0.16 pm, H 4 2 ¥R 0.15 pm; 2L K/N N
0.09~0.25 pm, F¥H 0.17 pm, B R K
0.25 wm, 2 W H RN 0.09 wm; FFLEE N
0.887 ~ 1. 673 A/ um®, F-3 4 1. 230 4/ pum?®, it K
FHE T SR R/ N R

2 DA RS54 53778 PP A1 EP-PP-EP;
KRBT IR A B850 0.15 wm F10. 20 pwm;
ZAHEEIN 0.18 s ZEFLKR /N3 58 0.27 pum
0.19 pm; % fL % B 7 3l 8 1.467 A~/pm’
FI1. 086 4~/ pm’,
2.4 BEDW

BAROHEERF (F 2) LR 1.30 7K
b, 40 MERFEIEER T 9 DB, 1 B(A 1
ANEHY R SRR A 2 SR 4 NEPAEE 5 A

HuJy SRR 3 A ERBR SRR 1 AR 5 3 28BN
A1 ARB b Iy SRl 5 4 RIS 4 DEFAER
B 7 ASHB 5 SRR 1 A2 SE R 5 S SRS 3
D7 56 6 BEALEE 2 S vp [ My R 5 7 FNR
8 RMEALHE 1 A Hu 7 Pl 55 9 EBFAUEE 2 AT
HE2RRURN 4 AN M5 A

; ; | . .
0.00 0.40 0.80 1.20 1.60 2.00
WALIE S Genetic distance

B2 40 BERMEHFREMESHRES
Fig.2 UPGMA cluster of the 40 Malus

germplasm resources

551 ZEBERY 1 ASBEIE R b Oy R R
H I RRE AR R R SO 28 FL, ToARBUR , 2
LA K/, AR N 0.23 pm, BER K, A
1. 474 4~/ um? ¥4 53010

552 BB EIG R RIRECN B 2%, BA P E B A
DYV AR 3 B LU e S AR | LA Ve S
1A~ H AR AS AR JE WG 52, My B i (i 5 —
Ui Bl RT3 VG RV AN A PR AR R
BRI RS W S SRR e R, EERAN
TERIRIE R R K IKTE , S5 8O HES L F 2R
EP-PP-EP F1 PP, 58 HL A% B 2 b s, 558 47
WO =W i TE A p ol b I L eh E AR & s i I

553 JBERY 1 S BEUR R RN 2T R SE SR Ry
Hu 5 SRl R RRR LTRSS e 28 R ARRAE R P/E
BN, F B BE B8, S L o AR o R BB A 3T W g
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wOW o 17 %

L,

55 4 RBERGE 2 AR IR B
A2 5 BEA Hp R AR R LR SR LR BRI
WAL RN FL R L3R 7, M 0y o ol 20 0 3 R A T
e RLDMH PR TR S\ /NI
SRS 1 A I S PR 5, R BRI AL B
JEAR Z MR ERIE , R JE B K, A F 42.69 ~
47.97 pm Z 8], FEH P/E K, 28 2.00 UL |, 4
QURJr I 2R PP ORI BQ HESI, 5B % L2 N, &
Ho XD,

555 RBEALEE 3 A E T SR SR R A A
MLl LURFRIL VO MAE . EERI R FH SN
B, BN L ELHBRRK,

55 6 JSHEALAR 2 /v [ O R AR R A e
PO IR ISR (U e . BRI AR AR
B K BRI, P/E K, B 2,00 DLE, KB
e

557 ZRBER 1 AN IR AT R ) i S O
IR T, EEARE A R B K B | 48007
i A EP-PP-EP, 25 KL EE Fl o0 Aii A 4 2%, 258 70 X
H, AL E R, N L1781 A/um®, 4 A

55 8 ZRBEAY 1 AT IR AT 8 04 L SRR R IR
R, FEEHEN LR B BRIE , 48007 11
J IR, A HLEE R A s, 208 0 X &, 48R
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