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Abstract: To gain a deeper understanding of the genetic background of lily germplasm resources and to identify mo-
lecular markers associated with agronomic traits, this study analyzed 200 lily samples from 20 lily populations. The genetic
diversity of 14 agronomic traits and simple sequence repeat ( SSR) molecular markers was assessed, and the association be-

tween them was examined using the ¢-test. The results

7S B 8 :2025-08- 14 showed that the coefficients of variation for the 14

BESWE . EEDHM ARSI E A L Sa R8s w i) agronomic traits ranged from 19.48% to 87.23%, with a
T H (CARS-21) 5 1o LU F A AR A5 A J2 o AR 56 i A mean of 41.89% , indicating abundant phenotypic genetic

HE9E 5785 H (2023NCKITPY0276) diversity. For the 20 lily populations, the observed number
PEEE A A (1998-) , 55 INARM G N, B L AT 5T 4R, 5805 18] of alleles, effective number of alleles, observed heterozy-
S 2 BHR-S T4 . (E-mail) 2813487381@ qq.com gosity, expected heterozygosity, and Shannon’ s informa-

BRI HIIZ, (E-mail ) 410849649@ qq.com tion index were 1.706-1.882, 1.612~-1.859, 0.447 -
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0. 605, 0.594-0.835, and 0.317-0.435, respectively. The genetic differentiation coefficient of 20 lily populations was

0.579 6, and the gene flow was 0.362 7. The proportion of variation among populations (56% ) was higher than that within

populations (44% ). The mean genetic distance and genetic similarity were 0.070 4 and 0.932 4, respectively, indicating

significant genetic differentiation among populations and limited gene flow. The results of cluster analysis and Structure

analysis validated each other. The three lily types, namely Longya lily, Jin lily, and Juandan ( Lilium lancifolium) , could

be effectively distinguished, and the ten samples from the same population were clustered into one group. However, some

populations with close geographical locations were not clustered together. Seven SSR markers (SSR-16, SSR-40, SSR-59,

SSR-71, SSR-77, SSR-84, and SSR-87) were identified by association analysis, and all were significantly associated with

five agronomic traits, including plant height and stem diameter. In conclusion, all 20 tested lily populations exhibited high

genetic richness, and the identified SSR markers can provide important references for genetic improvement of lily.
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Table 1 Relevant information of germplasm resources of 20 lily populations

ey SRAEHL s SRIEMNRI(4E-H-H)  FEAE S
e FEE B BH T R 1l B2 W L/ N KR XS 2022-08-04 10 1~10
HAETIT R AR AR =0T DC-LY 2022-08-31 10 11~20
B LR R VLT TR HM 2022-09-26 10 21~30
LT RR B W BB ELA T TR T TR YM 2022-07-29 10 31~40
RiELa N TR AN NP AR - RERITY Ny FS 2022-08-12 10 41~50
M TR HKIE &N FER XF 2022-08-10 10 51~60
IS BH T e ] L o Sk = T A TT-SM 2022-09-26 10 61~70
RIS BA T B 1] B 8 FE A M YL 2022-09-26 10 71~80
BRBA T R Il B LS 5 MJ 2022-08-09 10 81~90
LT Oy By g A ZF 2022-08-12 10 91~100
BRBA T B ] 2 FEEL R BEAT MP 2022-07-30 10 101~110
B BH T R Il B py VLA H R A WX 2022-09-26 10 111~120
SHA BT SN XA AR 22 5T B DC-JBH 2022-08-31 10 121~130
EEvR) WAPE IR e 1 L e v A N A XH 2022-07-20 10 131~140
UITERE PRI D ARV ay kv ) X 2022-07-19 10 141~150
PG 3R e 1L B B A DJ 2022-07-20 10 151~ 160
iTRE PR AR =W Ayt MRn Y oY SP-SM 2022-07-19 10 161~170
WV AR e L B R 2D B A HX 2022-07-19 10 171~180
TR BT LB R VLA S A XG 2022-08-12 10 181~190
ITERE PRI ARV ay: oA G oY LD 2022-07-19 10 191 ~200

®2 BHE WAREEREMERE

Table 2 Basis for determination of 14 agronomic traits in Lilium

LN IE bR
BRI (em)  BEZEIN8E F S i 1< BE
BERIE(em)  AMRBER TR ST
Z5H (em) ZEFEAR R HAR
B (em) P30 2 A S BT T e T AR 85 B2
HRE(A) B EZERT IR
4 (em) ZEFT PRI R A i AR AR B
158 (em) ZEFT PRI R d S A 1Y 9 2
BB BNERF EREER IR
B (om)  AEIRS PRI A2 A B AL T 2 2 18] A B 5
FEMETE (em)  SMETEMER SEAL 14 9 KL
22K (em)  AELZHEIR (B R BIEZY TR B L
TR (em) TP RS AEMIE Fe A 5 5 AR AL 22 ) (R B
FERER (em)  FEAE 5157 0SB K K
FEEGR (em)  FEAHII AEZGIE AR JETT I A

1.2.2 &4 DNA #28  FIfH DP350 ik & KR
AR (65T A R Bl 5 ] FERE AR IC Y 200
By E A A B 4] DNA Gl 5 19% B A e
Ji HL Yk R A T S AGIN, 1 FH Nano-200 43366 B2 310U
FE DNA FEAS Y 0D,/ OD o (5 S W FEAH, A A& FEAR
BT -20 CUKFRAER .

1.2.3 314w AR5 100 XF SSR 51¥12%
AT I E A B BT B
H VAR TAEY TR A A R A R & A, 2lifb 77 =X
RFR IS KA1 (HAP) . L) YL-76 \DC-JBH-126  FS-
46 1) DNA $EHURAE A FE 4 DNA Ak, LA R )
100 X} SSR #Ric 51 ¥1#E 4T PCR 973, R 1. 2% 3¢
W IS R VK AR

1.2.4 R AR ZMHACKIE DL DC-JBH-126 1EH
DNA 545 , WIS | BEALEE B 1 X ik 5|
Yy B 51 2xTag MasterMix ZRIHE  DNA £5
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M 3 MR RS R R  HPOKF I AS RS 5 38
HIEAS B FA E 3SR 2%, R A B 3
WHER . PCR Y= 28 2.0% B g W R s v Ik AG:
W, LA Bt SSR RMiAR R, R AR AL)S 9 SSR

FEA

E1 BREWH AEARBLEHBERA

BSi R 28 Ko BRI 51490, %t 6 {5 4 Bl s (DC-
DC-LY-16 MJ-86 , TT-SM-66 , ZF-96 , SP-SM-166 , XH-
136) HEAT PCR 73, I 347 Wy [RI R 28 2.0% BiBE 4
HREIRE L VRSN, AR A AR ) TSk S AR e

Fig.1 Field performance of Lilium at sowing, bud formation, and flowering stages

1.2.5 B XKIBJEFL B SSR IE 51RO E
(RS- A MR o O TR, MR A 1E 52 5 1 90 138 2k
T DX 195 B I 0 S5 R AT 1S, PCR 97 3 7= 9
FH 2.09% 35 i W 58 i v T Ay T
1.2.6 31 AMRAYT ¥ VS EARFEFER 10 0
T4 Fh BT ( MP-106 , XF-56 . LD-196 . XH-136, DC-
JBH-126 . HM-26 , TT-SM-66 . DC-LY-16 . SP-SM-166
TX-146) 1F>5 DNA #ib , F| e SSR i 14 5 %6
WIS 4T PCR 971G, P2 48 8.0% 75 1 5 9 4
P g 5 JE FL 9K (150 V.62 min) 4R YL 5%, 45
Wi 2SR NG GG, ARG LR
VELBRANT K 222 K 3 Uk J 1) 588 D I T i 6 e '
FRE W (40 mL Jo/K LB +2 ml VK2 +400 mL
afiZk ) R 13 min, B 40K PR v R BERE 30
s, AR (0.1% AgNOIFH) FHRHE 8 min, 4k
S A K e 2 I, BIR 30 s, FRE TR (5
g NaOH+2 mL 37% W REV M + 400 mL 47K ) 5
O IREE PR TG N UG | 37 R i A gtk o
2k RN, S BRIE SR IF R A4S
1.3 #HESHh

K F Microsoft Excel #4318 A& 14 MR Z1ME
ARG BIE 5 KAE L S/ IME bR 22 S8 5 R
LI 50 bp DNA Ladder Marker A5 %R, >R AT
FT T 57 TR TN M O R K A R Y B Ak e ol
“17, TR B BACHERIIE 07 M TR
PR . R GenAlEx 6.5 3R {FHEATi80% 22 REE S
BT s A Powermarker 3.25 #0441 Z B HEF R

8 (PIC) ;3BT Origin 2024 B AT )2 IR B4
s R Structure 2.3.4 BEPY HEAT DU R3S K
HBE A2 ~ 13 24 B IR ] R4 52407 -R 1% (MCMC) Tl
BB 20 000K, A7 %1% AR £ 7] 2420 000
W P EEIZAT 3 K, il Structure Harvester' 2’
T E S K AE (K 8HE 740 . FIH] IBM SPSS
Statistics 23 FAFIEAT ¢ KB4 .

2 KR 555

21 HAERZHERHEMETR

MR 3 TN, 20 S E G FPHERY 200 17 H A
M) 14 SRR AZE S R ECX ECH 19.48% ~
87.23% 785 REUR R I HEACE(87. 23% ) , Hik
it B BORIRR R, 435 A 50, 209% F 44, 93% , i
(78 S R RN, H 19, 48% , 14 AN A 2Ry A8
SERBOFHIE N 41. 89% , 5 P = 1L 2 RE1E
2.2 SSR A FHriCHIEESHESH

R 17 XF SSR 514 (138t % 22 K % 43 B 45
(% 4) BIR,20 NEASFHEER 200 (7B A FE 5
R i 62 A4 6r BEIH], 4 S5 BB, ) 43 A
B2 ~7 4, Hh 280 S RFEFH NN SSR-71,
47 A ;SSR-40 . SSR-57 .SSR-78 .SSR-84 M40 H A
B B 2 A, ARCEALEEREL(N,) 22 0E Ny
1.201~4.334, ¥ {H 2.340; AR FEE (1) 2208 Ky
0.075~0. 693, ¥J{i 0. 532 ; WL A2 A B (H,) ZZ I A
0.085~1. 000, ¥J{E 0. 725 ; MBI A B (H, ) /A iE
FEl-50.051 ~ 0. 500, ¥J{H 0. 380; &M B & ds
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B(PIC) % K 4 0.078~ 0.375, ¥{H 0.317, K+  #E e, nf I FResEatr, K2 h1~40%5
0. 250, VAT % /) SSR 43 FAric B A N EF K HAPEHE SSR-37 514 F 199 B K3

x3 BERZEHERBEELERHE

Table 3 Genetic variation characteristics of Lilium agronomic traits

6N ¥E RRME e/ ME brifE 2z PER 5 R (%)
Bk (em) 66.08 120.37 12.67 29.69 [ 44.93
ZEH (em) 0.79 1.57 0.33 0.33 E3 il 42.15
T (em) 14.06 26.81 6.78 2.90 IR 20.62
58 (em) 1.92 2.71 1.06 0.37 9 19.48
(AN 64.58 149.00 5.00 32.42 g 50.20
AEFEA (em) 7.67 12.04 4.94 3.12 VIRERN 40.63
AEHEK (cm) 12.41 18.13 9.01 4.84 T 39.04
AEIETE (em) 3.33 5.53 1.71 1.33 eI 39.80
22K (em) 8.25 11.67 5.88 2.96 VIREAN 35.90
F K (em) 2.32 3.58 1.32 0.93 Thk 39.95
LK (em) 1.17 2.07 0.72 0.50 HHK 42.88
BB 2.91 13.00 1.00 2.54 ERi% 87.23
5 H K (em) 4.82 9.76 2.66 1.95 % 40.39
1% F 5% (em) 2.65 4.70 1.93 1.00 % v 37.65

R4 1714 SSR A FHRCHBEESHESH

Table 4 Genetic diversity parameters of 17 SSR molecular markers

519 AR (A) AR AR U RIIBAE i's BRI ZAMEE T EERK
SSR-16 4 2.725 0.139 0.200 0.100 0.164
SSR-23 4 2.419 0.693 1.000 0.500 0.375
SSR-24 5 3.306 0.506 0.705 0.362 0.352
SSR-35 4 2.371 0.693 0.995 0.500 0.375
SSR-37 5 3.311 0.443 0.480 0.301 0.298
SSR-38 3 1.761 0.671 0.850 0.479 0.369
SSR-40 2 1.304 0.685 0.955 0.492 0.375
SSR-57 2 1.272 0.312 0.450 0.225 0.288
SSR-58 3 2.393 0.693 1.000 0.500 0.375
SSR-59 4 2.446 0.145 0.110 0.089 0.099
SSR-64 3 1.912 0.678 0.885 0.485 0.372
SSR-71 7 4.334 0.580 0.820 0.416 0.367
SSR-77 5 3.053 0.693 1.000 0.500 0.375
SSR-78 2 1.201 0.075 0.085 0.051 0.078
SSR-84 2 1.215 0.663 0.880 0.472 0.371
SSR-87 4 2.918 0.693 1.000 0.500 0.375

SSR-90 3 1.831 0.684 0.910 0.491 0.373




1140 OO e ol 3 R 2026 4F 45 42 4 45 6 i
12345678 91011121314151617181920M 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40
500pp WFEWWwSw=wT TS .o oBEFE R I, i
400 bp -
300 bp 2 ' :
250 bp ssszs= seessEIsss
ot aoBaecaitEW “3 B e 66~ v
150 bp
100 bp -

1~40 fRERF R E AR A5 ;M AR Marker,

& 2

B4y B A P EEHE S TE SSR-37 5|4 T RO 1 E i

Fig.2 Amplification profiles of partial Lilium population samples using primer SSR-37

23 ETFTSSRAFHRiEHBEREESHNE

231 #ESHEE AKBFFEXT 20 N E SRR
2R HEAT 00T, 85 R (2 5) R, 20 M E
BRI B S S 2R T WL A 5
[RIE AR 1 4 1.706 ~ 1. 882, SE-H4I{E N 1. 797 ; A 5% %%
P IERECE R 1. 612~ 1. 859, SF- {1l Ky 1. 745 W
W 245 BEAS IR A 0. 447 ~0. 605 , F-HI{EH 0. 5325

LA FEARIE N 0. 594 ~ 0. 835, “F-HIE N 0. 725, F
RAGHS G 0.317 ~ 0. 435, F-HI{E H 0. 380, H
TR TR BH P YR BA T TR T TR R R A 2
SRR WL A G B RIS T R AR TR B
e, 209 1,859 ,0. 605 ,0. 835.0.435, 20 A
BFIEERIIN A G B BN TR A G B U 2
JERAIK

£S5 201 EAMBEHNBEESHEKTE

Table 5 Genetic diversity levels of 20 Lilium populations

Figt FRHC MWERRNEC oespossin wWAE WA —
XH 10 1.765 1.747 0.525 0.735 0.377
TX 10 1.824 1.824 0.571 0.824 0.412
DJ 10 1.765 1.692 0.504 0.671 0.358
TT-SM 10 1.706 1.625 0.461 0.600 0.326
HX 10 1.706 1.612 0.447 0.594 0.317
XG 10 1.765 1.712 0.507 0.694 0.362
LD 10 1.882 1.762 0.567 0.729 0.400
XS 10 1.824 1.795 0.563 0.771 0.404
DC-LY 10 1.824 1.806 0.566 0.794 0.407
HM 10 1.824 1.814 0.568 0.800 0.409
YM 10 1.882 1.859 0.605 0.835 0.435
FS 10 1.765 1.739 0.522 0.724 0.374
XF 10 1.824 1.773 0.555 0.747 0.397
SP-SM 10 1.824 1.740 0.532 0.718 0.379
YL 10 1.824 1.701 0.524 0.676 0.369
MJ 10 1.706 1.700 0.488 0.688 0.351
7ZF 10 1.824 1.770 0.547 0.747 0.391
MP 10 1.882 1.772 0.558 0.753 0.395
WX 10 1.765 1.740 0.523 0.712 0.376
DC-JBH 10 1.765 1.707 0.509 0.688 0.363

FEE XH TX D] TT-SM . HX . XG LD XS DC-LY \HM ,YM . FS XF SP-SM YL MJ .ZF MP ‘WX DC-JBH W% 1,
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232 @St EETHNIRBEZAENE(Nei’s)
REOGT 20 N H AR st L Z AR R 5 st % ik
RECRNFERFEAATIE, 25 2K 6 FiR, BsfE4r
SIRBC(H,) M0.184 5, FhEEN AR SRAS L (H,) M
0.077 6, 384553 B H (Gst) H0.579 6, FEPHIR (N,)
H°50.362 7., 437 2553 1 i — s o E Ak I 5 ok
JEE BRI A AR (LR R ) [ 3 R oA g 4% AR
SERBHAB L 2E T i, T 220 a5 2R (£ 7)
A LLE h FE IR AR 5 00 R 56% , FiiE N A2 S E
G3ER A4% FIE BB AR AR B = TR
®6 20 NEATEENRIEE SR (Nei’s) 47

Table 6 Nei’s genetic diversity analysis among 20 Lilium popula-

tions

SRR IR PREN L AR R B MRS FEA
(H) (H,) (Gst) (V)

0.579 6

0.184 5 0.077 6 0.362 7

®7T 20/ N EEMEESFHEST(AMOVA)

Table 7  Analysis of molecular variance ( AMOVA) among 20
Lilium populations
- o BREHAR .
WRAW AHIE PR AR lﬁ;“;;’\ o
R E] 19 3803.620  18.574 56 <0.001
FhHE 180 2601.800  14.454 44
Bk 199 6 405.420  33.028 100

233 WEIEBRERE X 20 ANEAFEEN T
AR IR B FIRIJEE 23 BT, 45 9 (3% 8) R I, FhRE ] f)
SERRAL I 40,070 4,24 AL S40.932 4,
FhRRE 1) A4 05 25 35 B 0,017 8~0.236 6, Hrfk JH T
ARAELIRIE T FE AR AR BE T R [ LM S —
TRV FIRE ) 5L 1% BE 2 /0N, SH90.017 8, 5t A5 AR (LB 358
T 5 PR TT R XARAE R AR T AN (4 B S ) A
VG FIE M IR 11 B R 22 18 21 B A Rl R A s % I 7 e
I8, 40.236 6, B AL AR A1

234 RENM RESHEEE(E 3) BR,20 N E
BFPEER) 200 13 EAREA TR 6 28, BB I (#
) 2y 40 (B FHRRL, AL S MIPE A YA e 1L Bk ik 4
ANITRTRREE 10 B3 FE i PG VAR el B ik
PLRFIEE 10 B3 RE S IS AN R L B RIS O
FIFIRE 10 3FE 5 PG 7 IA P LU B RO TR A
FIHE 10 (o FEah . SBIBERE (5 0) 47 30 & FHATRL,

ALEIAPE A N e Ll B A T RE A AR 10 (B
at R P FIEMN R L B R B LT R A AR 10 R
it BTV B R VLA B AR 10 ke, 56
ML) A 20 (0 B 28 B A BB, S T 5l 3k
XHRAERLERF T IR 10 fyAE S AR BH T F [l L
LB/ KRS FIEE 10 i FE S, SEIVIERE (W) A 50
WIRA EAME, AL & BT VYL B R VUL TR
BE 10 MRS, PR T RRBH B % A 16 B TTBUA TR
FREE 10 OyRESY BRI TT VL B R VLA R LR FREE 10
I RESD KM T AR % BoK IS & N EATRIEE 10 rRE S
AR BA TR [l S S B — R ADRE 10 (A dh . 5B VK
HE(&k o) A 50 Iy e 28 A G Akt A0 5 BRBH T R[] B
JEREEAZ AR FIRE 10 3 FF S AR BH T RE 0] B Ak 1 1
TEGARIEE 10 B3 FE a0 Mk oy B b 5 b
FRHE 10 3R BRFH T R[] B = PR B PR FREE 10
Py BB PR R 1] 5 P9 VE VB B AR 10 R
fho SEVIZEHE (LG A 10 e H AR, B H 1
TR X AR AER AT T ANEE 10 (3FES

235 #AELMEEBX 4 ALK 17
XF SSR G1H%T 20 A G FHE 200 9 EH A FE BT
A5 VAT Structure FERZE /M, Bl 4 AT,
K=7 By AK fH K, HILE K=7 /8 it K {E,
200 3 B AR BRI 7 22 (| S) , Hp 12 AN e
FEHEMER N 4258 T R0 B EHH
T (o] S LB/ N KRS AR i 7 T o I XA AR
PO (e A TG 50 LR (0 15 5
FHTT T B R VLA ZL T IR FPRE M Ak T JRR BH P 7 B
HEA T VST IR R PR P B m s Rl
FEFRHE 7T AR %2 Bk I & TR A FhE AR BH T
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