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Abstract: [Objective] Fengtangli, a superior Chinese plum variety that was bred from the local landra-
ces in Zhenning county of Anshun City, is renowned for its crisp and tender texture. In recent years, the
increasing market demand for Fengtangli seedlings has resulted in a proliferation of inferior and coun-
terfeit seedlings being marketed as high-quality products. On the market, the visually similar Siyueli
has been seen falsely sold as Fengtangli, consequently disrupting the market equilibrium. Additionally,
distinct lines within the Fengtangli variety have been identified, exhibiting many variations such as yel-
low-skinned, green-skinned, and partially red-skinned fruits upon maturation. These phenotypic varia-
tions not only affect the fruit quality but also the required cultivation and management practices. The
presence of mixed lines complicates standardized orchard management, harvest scheduling and fruit

grading processes, negatively impacting the overall economic yield of the orchards. Hence, it is impera-
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tive to accurately identify and differentiate the intrinsic variations within Fengtangli as well as between
Fengtangli and other plum germplasms to advance standardization and augment the quality control in
the Fengtangli industry. [Methods] Flower buds were collected from 5-year-old fruit trees in the or-
chard at the stage of flower bud swelling to white bell, and pollen was collected after air-drying under
natural conditions. Gold-spray treatment was performed using an ion sputtering instrument under vacu-
um, followed by observation of pollen micro-morphology under a scanning electron microscope. Young
leaves from the plum germplasms were sampled for DNA extraction via an optimized CTAB method.
Targeted InDel loci were identified from resequencing data using bioinformatics tools, and primers for
these loci were designed. Amplification via PCR and validation of the InDel markers were performed,
with the confirmation conducted through the agarose gel electrophoresis. [Results] This study conduct-
ed a systematic analysis of the pollen micro-morphology of Fengtangli and other Chinese plum germ-
plasms. The analysis revealed that the pollen of the materials tested exhibited isopolar and radially sym-
metric forms with three colporate apertures, conforming to the classification of N3P4C5 type pollen. In
view of the polar point, the pollen presented a trifid circula shape, and in view of the equatorial point, it
showed an elongate ellipse, reflecting a degree of morphological uniformity. However, significant differ-
ences were observed in the polar axis length and equatorial axis length among the germplasms, especial-
ly between the Siyueli and Sanyueli compared to the Fengtangli. Within the three Fengtangli lines, the
partially red-skinned line had a slightly longer equatorial axis length than the yellow-skinned and green-
skinned lines. Moreover, the pollen exine ornamentation of all tested germplasms displayed a “striate-
perforate” type, but there were significant differences in the direction of the striations, density and po-
rosity. Among the three Fengtangli lines, differences in pollen were primarily reflected in the character-
istics of the exine ornamentation. The ridge width was relatively larger in the yellow-skinned line, while
the green-skinned and partially red-skinned line had similar ridge numbers, with minor differences in
the distance between ridges, particularly in the partially red-skinned line, which had significantly small-
er aperture and porosity than the other two lines. Cluster analysis, based on multiple morphological in-
dexes of pollen, revealed the similarities and relatedness among the tested plum germplasms. The clus-
tering results indicated that the plum germplasms were effectively grouped according to pollen charac-
teristics at a certain Euclidean distance criterion, with the Siyueli forming a unique group due to its dis-
tinctive pollen morphology. Further analysis showed that the three lines of Fengtangli and several other
plum germplasms exhibited high similarity in pollen morphology. These findings provided significant
palynological evidence for understanding the classification and relatedness of Fengtangli and related
plum germplasms. In the aspect of InDel molecular markers, based on predicted InDel sites from rese-
quencing data, two pairs of primers successfully amplified the strips of target DNA in 12 plum germ-
plasms. These results showed consistency across multiple PCR assays, demonstrating the effectiveness
of these primer combinations and providing a molecular basis for distinguishing Fengtangli from other
21 representative plum germplasms. Concurrently, the primer P3-38 produced specific bands through
PCR amplification in the three main lines of Fengtangli, effectively distinguishing them. [Conclusion]
Palynological analysis revealed that the distinctions among different species within the prunus and three
main lines of Fengtangli were primarily concentrated on exine ornamentation. Based on pollen appear-
ance and exine ornamentation data, the cluster analysis indicated significant differences between Feng-
tangli and both Sanyueli and Siyueli, suggesting that their relatedness may be relatively distant. Thus,
palynology can serve as an auxiliary method for distinguishing them. Although palynological results

can express a broader range of genetic information, but as a method for variety identification, they pos-
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sess certain limitations. Meanwhile, the InDel molecular markers developed by resequencing were high-

ly effective for identifying three main lines of Fengtangli as well as its differentiation from other Chi-

nese plum germplasms, compensating the limitation inherent in palynology.

Key words: Fengtangli; Palynology; InDel; Molecular marker; Germplasm identification
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Table 1 Information on Fengtangli and other plum germplasms
Frs Tt 44 KA e
No. Germplasm name Collection location Germplasm types
1 T W SN T B SEHIA M AR5t
Huangpifengtangli Zhennin County ; Anshun City , Guizhou Province Guizhou local plum germplasm
2 T e e pE 2 SN LT B SEHIA AR5t
Qingpifengtangli Zhennin County , Anshun City , Guizhou Province Guizhou local plum germplasm
3 — AL M 2T e B SEHIA Aot
Yidianhongfengtangli Guanling County , Anshun City , Guizhou Province Guizhou local plum germplasm
4 BE1T SN 22T B PN A H 25 R
Mili No. 1 Puding County, Anshun City , Guizhou Province Guizhou local plum germplasm
5 22 A 1 G 2 SN M 2 L PN A Hi 25 R
Anshunbendiwanshuli Puding County, Anshun City , Guizhou Province Guizhou local plum germplasm
6 Wi H e SN M L BN AR 2 R
Wanshugqincuili Puding County, Anshun City , Guizhou Province Guizhou local plum germplasm
7 Py H 2= SR T B DA Hb 2
Siyueli Zhennin County , Anshun City , Guizhou Province Guizhou local plum germplasm
8 T % SR 2 T B A Hh 2R 5
Dabangli Zhennin County , Anshun City , Guizhou Province Guizhou local plum germplasm
9 UKHfEZ SHNE 2T =B S A 2l
Bingcuili Ziyun County, Anshun City, Guizhou Province Guizhou local plum germplasm
10 AEES M 22T E L FIEZE R 5T
Taiwanmili Puding County, Anshun City , Guizhou Province Introduction of plum germplasm
11 =A% JTARAT T IMEX JIRA I ZE R R
Sanyueli Conghua District, Guangzhou City , Guangdong Province Guangdong local plum germplasm
12 =M% AR E B TR 7 HRAR 2SR
Sanhuali Qianpai Town, Xinyi City , Guangdong Province Guangdong local plum germplasm

T IERE 2 TRMEREE AR EZFE 1S RN M AT e 2R
Huangpifengtangli Qingpifengtangli ~ Yidianhong- Mili No. 1 Anshunbendi- Wanshuqingcuili
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AL Side view
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Fig.1 Side view and longitudinal section of mature fruits for trial germplasms
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Fig.3 Pollen morphology and exine ornamentation



57

FENER , S5« W2 45 8 TR AR 4 5 InDel FRic 18 1303

212 MRAEKD Pra ARk AR
N2, T I AR R T, AE Ff 5 1) 1) A il
SR EAAE 2. R 2T, A AR
WA T N 36.64~44.83 pm, PJ{E 40.91 um , HE 4
Erdtman!™ (R 4887 K /N7 ARE , ASHIE 58 10 i A 1
MR AE A 38 T o 55 K /N (25~50 pm) . {HPY
H 2= (788 B 6K B R 36.64 um, 32 25 /N T Hofth 2=
Bl s = A 2R IAER B R P 44.83 um, 7E K
Bhrbi K s 38 5 0E 2R 100 R IR B B 22 R A

Ko BT RO — o541 0 2= IR 00 A 2 K AR
L, = AR K 2 299 40.51 pm.

Bt A A M R E B 10 75 18 il K RSP B E
22.04 pm, AN[FRIZEF 5 R4 KD 7E AR il b 22 BERR,
WA AT a0 H 2 = A B AR E R K
FE/N T W WE 2R 5 oA 2 F T o FEIEREZE T, — R4
WENE A RITERD AR TE A K T3 B 575 e 4= . AR
PRI LRI TER TR R A 1 5 W B 2
= A2 K IRIE AN (PE>2) , bl 25 5 HoAth 25 Fif

R2 AEBKRNSHESHHE

Table 2 Pollen size and morphological characteristics

1E83 K /s Pollen size/um

s 44 7R - WAt TR AR R THT AR FRTH
Germplasm name e ) GRIE Ehl.& ) P/E Shape of pollen Polar view Equatorial view
Polar axis length Equatorial axis length

BRI ES 40.8042.22 be 22.75+0.48 ab 1.91£0.23 abed  KEKE =REE A B
Huangpifengtangli Prolate Trifid circular Elongate ellipse
W B EZ 40.63+0.92 be 22.61%0.38 ab 1.83+0.07 cd KERIE =R KA
Qingpifengtangli Prolate Trifid circular Elongate ellipse
— AT ENETE 40.09+1.47 be 23.16+0.32 a 1.80+0.11 d KERIE EX i KA
Yidianhongfengtangli Prolate Trifid circular Elongate ellipse
WA 41.96+1.89 abc 19.97+0.64 d 2.020.20 abc EACERIE B KA

Mili No. 1 Perprolate Trifid circular Elongate ellipse
2 A Hh B A A 40.75+3.44 be 22.53+0.42 ab 1.82+0.17 cd KERIE =R KAETE
Anshunbendiwanshuli Prolate Trifid circular Elongate ellipse
e AT ffE 2 40.78+3.99 be 20.53+1.09 d 2.07+0.18 ab EKERIE =REE KA I
Wanshugincuili Perprolate Trifid circular Elongate ellipse
Dy H 2 36.64+2.04 d 20.46£0.55 d 1.77+0.12 d KERTE =Y LSitiEvA
Siyueli Prolate Trifid circular Elongate ellipse
TH% 40.561.75 be 22.92+0.66 a 1.95£0.22 abed  KEKE =B KA
Dabangli Prolate Trifid circular Elongate ellipse
N 39.66:1.33 ¢ 22.19+0.56 b 1.86+0.22 bed KERIE EX i KA
Bingcuili Prolate Trifid circular Elongate ellipse
AEEE 41.43+2.42 be 22.89+0.43 ab 1.85+0.20 cd KERIE = KA
Taiwanmili Prolate Trifid circular Elongate ellipse
=% 44.83£1.97 a 21.32+0.57 ¢ 2.11%0.17 a A ERTE =RA KAETE
Sanyueli Perprolate Trifid circular Elongate ellipse
ENCEES 42.80+4.91 ab 23.11£0.84 a 1.92£0.30 abed  KEKE =RETE SitlEvA
Sanhuali Prolate Trifid circular Elongate ellipse

W RPN FNG FREROR 22 5 25 (p<0.05). Rl

Note: Different small letters in the same column indicate significant difference (p<<0.05). The same below.
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Table 3 Pollen exine ornamentation characteristics

R4 HE i e s SrERaLfioed]
Germplasm name Ridge width/ l?lstance between Aperture/uum Porosity/ i Types of exine

um ridges/pum (No. pm™) ornamentation
B {7 14 i 2 Huangpifengtangli 0.28+0.04 ¢ 0.2240.04 be 0.2040.03 ab 1.27+0.04d  554(-% L Striate-perforate
T R4 Qingpifengtangli 0.26+0.03 cd 0.21+0.04 bed 0.23+0.04 a 1.25£0.05d 2,80~ % 1L Striate-perforate
— RLZLHEPE 2 Yidianhongfengtangli 0.25+0.06 cd 0.19+0.05 bede 0.16+0.04 be 0.92+0.02 f  K&(-% 1L Striate-perforate
%7515 Mili No. 1 0.20+0.03 ef 0.200.02 bed 0.20:0.04ab  233+0.06a 454~ fL Striate-perforate
A HL G #4245 Anshunbendiwanshuli ~ 0.39+0.05 a 0.35+0.04 a 0.25+0.03 a 0.76£0.01 g 280~ % 4L Striate-perforate
1 2475 i 2 Wanshugincuili 0.26+0.02 cd 0.23+0.03 b 0.15+0.02 be 1.07£0.04 ¢ 4540-% fL Striate-perforate
4 F % Siyueli 0.23+0.06 de 0.15+0.03 ¢ 0.14+0.02 ¢ 1.95+0.01 b 254(-% 4L Striate-perforate
$T#% Dabangli 0.23+0.02 de 0.19+0.04 bede 0.25+0.06 a 0.91+0.04 f  2K&(-% 1L Striate-perforate
VK% Bingcuili 0.20+0.03 ef 0.19+0.04 cde 0.20+0.04 ab 0.81+0.01 g 2K&(-% 1L Striate-perforate
V5 27 Taiwanmili 0.33£0.07 b 0.2240.07 be 0.16£0.03 be 137£0.01 ¢ 440~ % {L Striate-perforate
= H 7 Sanyueli 0.37+0.06 ab 0.20+0.02 bed 0.25+0.03 a 1.0240.03 ¢ £540-% {L Striate-perforate
=4EZ5 Sanhuali 0.18+0.03 f 0.18+0.04 de 0.2240.05 a 126£0.02d 440~ % fL Striate-perforate
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FERR 77 BE B O 20 I, AR 25 5 o ) 73
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NN — 3 IR B BARAT T AR R TS AR A
2.2 MRS FRRICHASiFR

EHEAT PRI 72X 5 T
BB 3T Frid I IF R 5 0 i , B 2807 18 21 2 % 51 )
FH T % e i 4=, A AT TFE ASHIE T2 1) 12 AN 25 it Hh 3
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Fig. 4 Clustering analysis of pollen morphology data based on Euclidean distance



R NE:, S WEREZE TR A 5 TN 5 InDel BR1C N 1305

#*4 InDel #RIE5IHER
Table 4 InDel marker primer information

51414 5K Primer name 517 %1 Primer sequences (5'-3")

P1-21-F TGGCTTCCAAACATCCTC
P1-21-R GTAGAGGCATCCAGCACA
P4-46-F ACATCATCACGACCAGTA
P4-46-R CATCCACCAACAGCAACA
P3-38-F CCTTCTCAAATGGCTCCTC
P3-38-R ATAGCCTCACTCCCGAAAG

N3t — S YRR A FC I G (1 51 0 e e A e
Tk, 22 AR 1ok B o AN ) 1 22 X 12
ANZERG ) DNA FEAS , #E47 InDel 73 1 b1 (R 56 1iE
I e IR EERE AR A I Y R X AR B L X

A
Marker 1 2 3 4 5

6 7 8 9 10 11 12

500 bp —*|
250 bp |

B Markerl 2 3 4 5 6 7 8 910 11 12

500 bp—>
250 bp-»

JAZE a2 2 s dbJ7 b X ) e R 20 3 A% 5 4R
B X AU IR 2 s SR AR M X MG 2 W 25 2 DL 2
HH (12 B R R T U B R T R 2

i F 517 P1-21 KA, iehli 2s 5 S 3 20 L o
FAZ 2R R T — B, RS AT , T HA 2Rl
YA B, 4 fd 519 P4-46 HEAT R, i
Wi 2R 5 = 2R 1y A [R] , 5 A 2= s 17 7 28 1)
AR RGN B IEZE  RUBLZ55R i th R B W
Ft  (HH A — 23 I AL B AE 500 bp AT, 55 i 4
M= B AE. 22K PCRAT, 25 R e —
B AEF 517 P1-21 5 P4-46 454, v LLIX 45
WA R = 5 AT 9 H B P 0 A R (LS

[FiJ B, 28 34 ) P 600 040 v T 21 (1) InDel

Marker13 14 15 16 17 18 19 20 21 22 23 24

Marker 13 14 15 16 17 18 19 20 21 22 23 24

e 1.1 1 B

el i R ETE™

250 bp —»

100 bp =

A.P1-21;B. P4-46;C. P3-38. 1. TR0 Hlizs ;2. 75 I d6h 2 ;3. — N ighize 4. 2= 1 55 AN IAZE 6. M AT G2 ;7. DU A 25
8. T A9, UKHGEZE:10. VB EZ 11, = A2, 12, =462 13. fy B ds; 14, RURZE; 15, IEZL 2 16, [HIG 7 5517, KRLAM 18 T2 19.

WEIRAS 120, 2521, T4 454522, AUl iR 5 23, R ; 24, R4,

A. P1-21; B. P4-46; C. P3-38. 1. Huangpifengtangli; 2. Qingpifengtangli; 3. Yidianhongfengtangli; 4. Mili No. 1; 5. Anshunbendiwanshuli; 6.

Wanshugqingcuili; 7. Siyueli; 8. Dabangli; 9. Bingcuili; 10. Taiwanmili; 11. Sanyueli; 12. Sanhuali; 13. Fendaicuili; 14. Fenghuangli; 15. Cuihongli;

i

16. Guofeng No. 7; 17. Dahongpao; 18. Huangganheli; 19. Lingxili; 20. Zuili; 21. Huangjinnaili; 22. Konglongdan; 23. Weidi; 24. Ziyeli.
5 InDel #RiC P1-21.P4-46,P3-38 Xt iRk =M R AU TG LE
Fig.5 Test results of InDel markers P1-21, P4-46, and P3-38 in the evaluated plum germplasm
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WK BRI, AR NI R , B 403 2 5 b Fr 2 LA
T By e SRR (0 B 22 T 7T 3R B 2R AR
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e R 4 I 5 ARHE AL — 2, [ /E NPC 4r 28 B
AHIF T 45 FARTE o
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AL SR ) B R BT FRL S [R]J@ 1 A BE U
FEERMIMG .. EFEEY S, 100 15 EES
B R IA 26 8028 FL B2 L PR -5 L 2 FLH
REBOEH RS FELES . SAEREENFR
3% 5 78 b 5 ol Ay BRI 2 5 [ 2 A AT T [ B 35
BRI 7R B AR AP, AR AR 5T, B R M
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N R AR 72 2R o R 22 1R R I — 8, 3X ] g 150
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PN cE I NSESERI R i NN 2 NN AT ]
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[, 1B SC S8 Y 22 B AR X B, EE ) ZE R R
BUEAMEESUI LI FLAR A SE AR TR B . FEA
W FUR) 3 A IEHE 2= i R b, — s 210 W 2R 1) AR BE L
WAL AL 5 R L RAFAE — E 220, e pE 2=
55 At A 5 ) 10 22 S A AR b T B IRRRAE , f0R
P AP RESURRF I BE D 46 0l e 2 L L i R R M
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B2 5 00 H 2= BT i
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o i R BON RN 1 2% SUE i B 5 fLED , A
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5 H A AR B EL, DU 25 (A 26 S8, LA
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