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Abstract

Combined with morphological markers and molecular markers, a solution is provided for com-
prehensive analysis of genetic diversity of Dading bitter gourd resources. According to the mor-
phological description standard of Momordica charantia, the variation and cluster analysis of the
morphological indexes of Dading bitter gourd were carried out. And the cluster analysis was car-
ried out based on SRAP and SSR molecular marker technology. The results showed that, among the
33 morphological indexes, the variation coefficient of leaf shape is the largest, followed by the
seed skin color. The variation coefficients of melon habit, leaf color, leaf shape, single melon
weight, number of seeds per melon and longitudinal diameter of commercial melon were more
than 25%. However, the coefficient of variation of six indexes, such as lobes count, sexual type,
hide subtending leaf of flower stalk, melon surface gloss, end face shape of proximal melon pedicel
and species melon skin color, was 0. At the threshold of genetic distance of 18, all bitter gourd
materials were divided into three groups. A total of 282 polymorphic bands were amplified by 25
pairs of SRAP primers, and the tested materials could be divided into 4 groups at the threshold of
genetic similarity coefficient of about 0.66. A total of 58 polymorphic bands were amplified by 20
pairs of SSR primers, and at the threshold of 0.64, the tested materials of Dading bitter gourd
could be divided into four groups. The similarity of the clustering results of the two markers was
92.86%, and the comprehensive clustering result based on the two markers was basically the
same as those of SSR markers. The clustering similarity between morphological markers and mo-
lecular markers reached 78.57%. It is more reliable in analysing the genetic diversity of Dading
bitter gourd germplasm resources than the analysis with single methodology, and the results of
the two molecular markers were highly consistent with each other. The geographical distribution
of germplasm and the first female flower node are very important for the classification of Dading
bitter gourd germplasm, as well as melon shape, single melon weight, seed coat color and leaf
shape are very important.
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1. 5|8

#i N(Momordica charantia L.)/&# 7Bl — A RAZEGHEY), T ENE, EIRERREGL L&A, B
b &M H AT, DAAREE R KVTmk R 2 1] [2]. @ KMk, BIRAAS N TS, B
THEE R MMFISEAL3] [4]. KT R EHH, TUBIEKR, WEGSE, s, TFRoR, sREmbes
EHE, DRGSR S], MENETTME R R . W IS 7 A1 2R G0 8 RO T SR T, &%k
Tt SRR B S5 VR A AR AL & CAERIEAR[6]. & INAEAE AR R AR Ail 2, i SRAR R T A b i i Ik
ITrR7] 18], REKEFHAK TR, AMUFER 287, B8 5 S IAEL . A 8 W R R B e v i 52 9]
DNA 73 FARc B E N T2 IR GO R H[10] [11]. MBS IR A8 A% 2R #r[12] [13] & RHUR
PE[14TRIPE R AU IFFE[15] [16] MFhEEE[17]% 2 1. SSR (simple sequence repeat) [18]F1 SRAP
(Sequence-Related Amplified Polymorphism) [ 192 i Ft #4415 4% 28 7 () PRI -E 28000 FFric. FEFSE[11]
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[16] [17]E3 AR A PRI TARCEAR, RIS RN EMEALE 22 AREEAT 7RG AN DM, X H R
WA AT 10 TR, IR AN FIE T TIOMERELE 25 1R /AL FETT W TE . 280012155 FIHT 16 X SSR 514
X 50 A AR B AT REEAT 2 801, Sle iR E B F 5 . BRABORMEAE SR, 2258
BRI, MESARLSEREARLET G E TERBERE . KFEL[14]5FEL 1 3N E8 i
SRAP Fric IR R, AR IR SRAP 43 FARic RS BT OB 8T 5t R 3% & 2 4t
SR . BT IRF[20]K ] SRAP ARiC 7t 1 25 IR i BRI AR HEAL R R o ZR 508 I &2 E AR e AN 23
THRCEARL T T E R AR 5t BRI TCRE R R B A Z o« AT 7t DAL B 1
14 4 KT A O R R, SRS ARCVERIIE, 454 SSR A1 SRAP 70 FARIL, ZRE M KT
SRR (13845 2 e, DA HERA 1 AR K TO S SR R (K2R 0 2, SEBILOY T Fnic 4 B K T TR Fh
PP ERA T A S5 .

2. MMERE
2.1. M8

2017~2018 4, H [E N AN RTIGE KRR 14 43, FFRFME LR 1. 2019 FFKEE M2, %)
WEE 21 1O ERETES, EE 26C~28C, BE 60%~80%, & MmM& 20 #k. TAEKHEEMN
SEHCE oY, EGEE G B T-80°CUKFfRAF, T NI 4 DNA.

Table 1. Characteristics of 14 Dading Germplasms of bitter gourd
= 114 DRI B

T T Tt Pt PR
Serial number Germplasm  Place of origin characteristic
A E A s
! A BRI e s, .
o . R, MitE%, JRKN 25 om 24, B2 10~15 cm, B, BRIOK, WE
2 &M2 5 WK o, R,
S s, KK 22~26 ecm KA, JHTE 8~12 cm, [RHETE, K&k, BREER, #iE,
3 BT HA #JTE 500~1000 g, FPIE 1.5 cm 4.
4 e £ i_i%h MEfEZ, PURIR, REIREATEEE, FRHRLE, UK 15 em, JH5% 9 cm, K
J&, HJNE 400 g.
s VT T | i;&ﬁ}i@k FOERGADOGE, BATEMEE, REK 15 em, JHE 10 cm, Ffl
K- 14~ B 11~ A JE A3 ; P,
6 B A T ggﬁ 14~16 cm, JFHZI 11~14 cm, WE, NERSEE. KERGEARE, B

SRR, MEEL, BRI, SRR, HE. T 13 em £4, JHYE 10 cm

! RIS PR Rk, W, BRE 450 KA
8 EA 1Sk MiteZ, BERER, MK AN 25 cm A4, BB 10~15 cm, EHEE, WAL, AE
; e, TRBEIRG G, HHE.
9 B S R, M 4%, BTE 500~600 g, K 15~18 cm, JB % 10~13 cm, W/EZ] 1.4 cm,
mLE Y B BB L6 em, RGO,
) A, FHERE, RS, REE, AP KL 13~ -
10 e e i)ii()b g%@ﬂ JEESE, WHFE, REMESE R MKY 13~15 cm, HLE
R B, NE, MifkZ, BRI, FEKRSGHEEE, FERMEE, KK 15cm, B
1 AR PR g D om, W, HULE 400 g.
1 LRy B £ Rk, 0%, MifEZ, BRI, ROWRSHEICE, LBUEHE, MK 15cm, B

% 9cm, WJE, HJKHE 400 g.
13 SN J7R o, RSN, RS, R, BAHE, KO AR,

ek, MEvESE, RS SRR, 45)R% . HREL) 350~550 g, K4 12~14 cm, JB %4 9~10

14 A3 PR o WL G, A0
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2.2.1. MRFFROMTE IR

BRI EE RS . KA B0 ERAR 10 Ak, AR AT SRR S A s bRtk [21], &6
A PR A 7 [22], H RIS I D sk Fr A R R TS 224000, SR f 0 22 mb Ptk . JE SRR A B stk
SPAEAT IR, EM RO R EA, B, FEM. R, B, e g, Rz R
MR MR TR K 12 A FERMHIREIEE MR AL, R JEWETR A S5 CIME. U
Fr TR €y TCRERAY . MR JTUR /N NGRS SR AR 11 4. RSEMR e KT
Ry RIS B NREAE . F R R R, FURE , F )OSR B, Rl A, R
FhFH. AR 10 1S

2.2.2. SSR 1 SRAP-PCR ¥/ 1
KR CTAB VEFEHL 14 43 KT AR K 2H DNA. SSR il SRAP SI¥5 51 517 A%
MNAKR RS EEFE[11] [16] [17)0H777%. TN MRS K7 5 PCR 724, 4RI 5.

2.2.3. HigAE

S EEFE11] [16] [17]7735, BB ARIKE BRI, YA R C RS AR A, o AT
6, 17 RSBk EIEm LR A, R B EC N “07 , IRGHERE. HI NTSYS PC
2.10e THEAF DA i 2 [R]85 P 88 SR AR LR AL, IR R UPGMA J5 24T SRR T o

3. ERESH
3.1. KAEERICHTR BRI

3.1.1. MRFRENOFSERTE RO

14 Gy KIIE TR 33 ML HARIZREE T ILZE 20 N3 2 ATLLE I, Fra &%t t
TR 5 R AR, R R o, GRS E, M, TR, BURE. B0 P8, S KR A8 57
REIIKT 25%. MLl PR R DEES 6 MERRIIAE R RECN 0.

Table 2. Diversity analysis of 14 bitter gourd germplasms

2. 14 PRI INF BB S A 534

AT W RKE RBAME bR - ASRARB)
Morphological character Average Maximum Minimum Star.ldgrd Coefﬁcu.:nt of
dev1at10n variation
F: & {4 Main vines 3.53 4.00 3.00 0.52 14.62
& K:(m) Vine length 3.15 4.18 2.05 0.60 19.11
% &4 (cm) Main vine diameter 1.19 1.75 0.89 0.25 21.01
F 4] K (cm) Internode length 6.79 8.75 3.82 1.58 23.31
7% Leaf shape 1.93 3.00 1.00 0.80 41.32
-4 Leaf color 3.06 4.00 1.00 0.88 28.82
-4 Leaf margin 220 3.00 2.00 0.41 18.81
2% Leaf crack 2.93 3.00 2.00 0.26 8.80
%4 K% Lobes count 7.00 7.00 7.00 0.00 0.00
M (cm) Leaf length 11.63 14.70 10.20 1.26 10.86
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Continued

A %% (cm) Leaf width 17.56 21.50 14.80 1.64 9.33
47K (cm) Petiole length 8.64 10.50 6.50 0.93 10.74
55— WETETTAL(TY) First Female Flower Node 13.37 16.50 7.00 2.62 19.60

24 Sexual type 5 5 5 0 0

TEMSIE L FLH Hide subtending leaf of flower stalk 1 1 1 0 0
%5 N1 Melon habit 247 3.00 1.00 0.92 37.11
JRJE Melon shape 420 6.00 3.00 1.08 25.77
T it JIURZ £ commercial melon skin color 5.47 6.00 5.00 0.52 9.44
JJRI 2 Melon tumor type 3.60 4.00 2.00 0.83 23.00
W2 R R Melon tumor density 3.40 4.00 3.00 051 14.91
JIUJR K7y Melon tumor size 3.47 4 3 0.52 14.89

JITH Y67 Melon surface gloss 1 1 1 0 0

I SR Uity [ IR End face shape of proximal melon pedicel 1 1 1 0 0
JRTGJEAR Melon top shape 2.29 3.00 2.00 0.47 20.51

7 i N2 (cm) Longitudinal diameter of

commercial melon 15.45 26.00 10.50 4.49 29.05

T8 it KR 4% (cm) Transverse diameter of commercial melon 10.72 14.00 9.30 1.26 11.75

T i WA & (cm) Melon meat thickness 1.25 1.48 1.00 0.17 13.23

T8 i JINA 2 Meat color of commercial melon 3.83 4.00 3.00 0.39 10.15

#1JI () Single melon weight 433.39 756.20 278.90 124.01 28.61

e in IV K 2L Maturity days of commercial melons 21.64 26 17 2.53 11.69
I 4 Species melon skin color 1 1 1 0 0

B TURP T4 CREL) Number of seeds per melon 33.93 61.00 19.00 9.43 27.78

il 7 £, Seed coat color 227 3.00 1.00 0.88 38.77

TERTA 2R, R R REOE R 41.32%, FHOIEEMFEZ, HIOEEE, SbrRix
. MRIREES, RN T, BREAEN 0. NERRECRE, HIRERER, o LUERN KT
JRFIE %8 A R — A E AR, . TR EE ERSRRNE R R R, BEA—E
WZEZMNE.

TEFTEACR MR A, 25 NIV 7 RO, TR TR 8 BRI 3E — WA 1A 1A S R EOK
KT TR o — eV s . L3, B DA RS 7R e RO 00 R3S — MEAE 1 AL R 8 5y TNt o )
BARbR, RATTREHEYMEG, BN A, BRAKE, WhiE, BREERSER. XAMERRAL S
FH019.60%, FoH A7 v 0 88— MEAR AL AIC, 7E58 7 799, SR8 3 SAVE R | 5 BIsE—MERE T 1 e s
FEE 16 .

FESEH S HRAE 2 5 JTORR T 22 AR O B B BRI, BRI SR, U K/ IO R 35 72
JE. BREA, HrhZRECRI M TS, KA R REON 29.05%, WAMEN 26 cm, TMHE/METH
10.5 em; H YGRS ER, &5 R5028.61%, HEMLBMB L, REIX 7562 g, ENZEML
KIN, FEEHN278.9 g MmN K/ JRE B, RNEEEIRE R REEAT, 7F10%% 15%

DOI: 10.12677/br.2020.94042 345 JERZIEERTI


https://doi.org/10.12677/br.2020.94042

F [

Z 1],
Toft 5 RO AR AL [RD A A TN K 10 2 s, i Bz €A AN ] i b 2 18] 22 5 0K, AR 5 R EON 38.77%.
FTUR 7228 5 R EON 27.78%, T 2 5 (1 5 TR 72 2, 08 61 i, SRR JEARF L AT 19 i

3.1.2. BT HSFRCHRAN

DL 14 KI5 AR 19 33 TR SARICE AR, T ARG R, BRERLA 1. &1
SR, DLBEEEES 18 BRI, FTA SRR 9 3 KA. 41 BIEE R 1 5(9). 3435314, £
FRI(10)s EARKT(11). EM@)FIEE G KTN(13). XHAMFEMELLERESL, M2 bR, FR
LRt R AR 105 2 o

0 2 AAETLITRTR(S) SET0 1 2(7). BGER(1). £HE@). £F 3 8(12). £ 2 Q) fRgE
PRI (6), ALLEE T RovFh, WiEZ, BRI, WIEZ AOHERMER, kU SeEL.

0 3 A RIMBERG) | MR, EEEN, TUBRK S KYER, K6, BRI, ik, WE,
IR HORL) 23 d, BRI AI3k 756.2 g, Fh ARG, HSHE 3 IRRGR RRE, WHE 5
PEAHA L U OREE R G, TS AR A R R

0 5 10 15 20 25

9 1 1 1 1
10

B

Figure 1. Cluster analysis of 14 Dading bitter gourd germplasms
based on morphological markers

B 1. ETRSHEREH 14 DPATETNHRRRE S

3.2. EF S FIRCHBMRS RS

3.2.1. SSR # SRAP S FHRiCR AR KRS

P 2 A4 KT IR R (1) DNA $2EURI > TARICAR R 145 5 MFE] 2(a) T 0, SREU K T I3
[KZH DNA 5e8 g m, Z&i5 /b, TLU# & SSR 5 SRAP 7 FAricHH PCR [V I 75 B, Pt 145 )
TEW A BES . ZEMEER 20 X SSR A 51 25 Xt SRAP £ 85514, LR TR R S IERK
BAEZ ST 2(b), Bl 2(c), BIMIZEMESITE RN 3. %3 H, 20 XF SSR 51¥°FF K 4.5
FAEMT S, FTE SIS TR B AE 200~1000 bp Z 8], ZAMESW 58 %4, BIMAHEILATELL
AT 40%~100%22 7], T35 64.4%. N6F + N6R AP M2 2(b)), H k2 SI13F/S13R.
S33F/S33R. N9F/N9R. N5F/N5R. S15F/S15R. NIF/NIR %5, 25 X} SRAP 5|4 79 #h 4 % 18.1 4%,
F BT 100~2000 bp 2 (8] § 38833k 452 Mk, Hp ZBMALT 282 4, “PHZEMIE
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Figure 2. Optimized PCR amplification system of SSR and SRAP markers in Dading Mo-
mordica charantia L. (a) Genomic DNA Electrophoresis Map of Dading bitter gourd
germplasms; (b) Optimized SSR amplification result with N6F and N6R as primers; (c)
Optimized SRAP amplification result with Me8 and Em4 as primers.

[ 2. KT#E]K SSR #1 SRAP PCR 4 #{8 %& . (a) KTNEMAHIXFFRAIERELH DNA B
7K[El; (b) SSR ¥ 1B RFNTHIES MG RIH IBLER, A 514946 59 N6F + N6R; (c) SRAP
JIBEARRFIES MEMY EER, FASIYESER Me8 + Em4

Table 3. Polymorphism of SSR and SRAP marker primers
% 3. SSR 1 SRAP 73 FHRIE 5 MIHI 7514

any,  DOTEREL ZEVEHE%) o
‘é‘%ﬁ?ﬁf Quantity of  Percentage of AUES

o EOTERBHE SR

SRS 2 W ¢ Quantity of  Percentage of

Elk]

ﬁ;inngz; Primer pair %‘i:{l g:lic(l)s polirarfgshic pol}l;r:li);;s)hic I\};i;ng; Primer pair %‘i:{l g:lic(l)s pol}l;r:li);;s)hic pol}l;r:li);;s)hic
SRAP SSR
1 Me2 + Eml11 18 10 55.6 1 NI1F/NIR 6 6 100.0
2 Me3 + Em8 24 7 29.2 2 N5F/N5R 8 6 75.0
3 MeS5 + Em12 21 15 71.4 3 N6F/N6R 21 9 42.8
4 Mel + Em17 13 6 46.2 4 NIF/N9R 10 4 40.0
5 Me8 + Em16 27 8 29.2 5 NI12F/N12R 4 2 50.0
6 Mel + Em13 16 9 56.3 6 S9F/S9R 1 1 100.0
7 Me5 + Eml 12 3 63.6 7 S13F/S13R 11 8 72.7
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Continued
8 Me8 + Em12 22 13 59.1 8 S15F/S15R 6 3 50.0
9 Me9 + Em10 10 4 40.0 9 S20F/S20R 1 1 100.0
10 Mel + Em7 11 7 63.6 10 S24F/S24R 2 2 100.0
11 Mel + Em10 14 12 85.7 11 S26F/S26R 1 1 100.0
12 Me6 + Em15 17 14 82.4 12 S32F/S32R 2 2 100.0
13 Me8 + Em4 20 15 75.0 13 S33F/S33R 10 6 60.0
14 Me9 + Em8 21 18 85.7 14 A2F/A2R 1 1 100.0
15 Me9 + Em9 15 12 80.0 15 A47F/A47R 1 1 100.0
16 Me9 + Eml1 17 10 58.8 16 C4F/C4R 1 1 100.0
17 Me9 + Em14 27 14 51.9 17 CI9F/CO9R 1 1 100.0
18 Me9 + Em16 19 12 63.2 18 CI11F/C11R 1 1 100.0
19 Me5 + Em13 24 20 83.3 19 C17F/C17R 1 1 100.0
20 Mel + Em1 20 17 85.0 20 C24F/C24R 1 1 100.0
21 Mel + Em8 23 11 47.8 — — — — —
22 Me5 + Eml17 13 7 53.9 — — — — —
23 Me5 + Em3 11 7 63.6 — — — — —
24 Me5 + Em8 16 15 93.8 — — — — —
25 Me5 + Em14 21 16 76.2 — — — — —
it Total 452 282 — 1t Total 90 58 —
“F-34) Average 18.1 11.3 62.5 “F-34) Average 4.5 2.9 84.5

3.2.2. EF SSRFIEHIR AR

BT SSR ARIc A 14 4 KT IR 1 R as LI 3. B8 3 aTRLE H, 14 R T R
TS B AL AL RE LLACR, SR ERMER 1 SRR RRE, HXZREFRKMER 1 5, &Y
LT TR TR AL AL R 8 0.900, SEZE R REGT. SR 1 SRV TR Z » FEBEHILL R %L 0.64 4,
BEIR 14 4 KT AP RE AT R 43S 4 KRHE

1RO GRGEN ., EHKIN. RMB TR, BEARERLE 3 5, X3 Ty Rk b Lk,
e 5 ANFRBRERSL, RTUERZ RS, NBEAHEE, Fik 2 AEREMEREEE, RRIER, WE.
TEBAL AL RS 0.71 &b, NAT/ AT, RGBERFIEFRRE 1T, HEIREH 0.789; 2 11
WA RN ER. MRS 35, W33 5 N GHEHmMF R IIESRREIT.

F2 REBASEHEDE . ILITR, G0 1 5. &0 2 SHERGERRE 5 MR, HbEmEm
TET RIS AL R AL 0.9, BAFR AOMENE . JRAS . IR (B R BB R AR AL B B 5 NP
R, MEONEREAGOIEE, NE2 REgiEA; R, TURHEE, RERESMEM. UL,
SRR TR IR A DG

53 REBAEER 3 5. BTG RI. EL TR SO TE A U 2% 0.822 4B AN
=2, WAFORMGER, RTUEE, bR, NEREE, FEa, B &8 3 SHLEHA R
AR ATE REGH Y 0.667; ML PP MEMEESR, HIEHEIEZ, BAHE, WE. BEIREHIE. E.
JIVIRE RO 7 €0 55 PR AR O
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Figure 3. Cluster analysis of 14 Dading bitter gourd germplasms
based on SSR markers

3. 14 IRTRE AR BAT SSR BB

BT SHSLEONE 4 58, SRR —MEAE AL A 16.5 745, MEMERAR, JRINEISR, IO 9% 5 HE,
PR ERER . TN . BB 2R 55— M AL RO R = Y

3.2.3. T SRAP FRIZHBA ST

LT SRAP FRICH 14 45 K TR IR (RSB aE LI 4. I 4 ATLAE 1, T SRAP Frid sy
T BT Rl B (A B AR I R B B R, BRI S B 1 SIRG R RRE, FFHRIMEBRL 3 51
SSRGS AR AEBERIAREZIN 0.66 I, ALK 14 43 KT TR R 4 RE8E.

D

E— Bl
N
RER3

Elivass

——REE P
[ N~

G
. [:‘ii RPN
R3S
Em— PN
w1y
T

044  os4  oe4 o715 oss
Coefficient

Figure 4. Cluster analysis of 14 Dading bitter gourd germplasms based on SRAP markers
B 4. 14 S RTE AR SRAP BG4

B RRBFRERRAE AN R, B, FHERTNEREL 3 5 KTGER, e3R8 5 SSR
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PRICHI AR . AFER R F 75 KRS 3 SHAFRmERE .

B2 RRMHAEET 2 5. RGN, S0 1 5. &%, TR, &8 35, 5 SSR fxid
REM, XHZTEF 35, G115, &0 25, REERREL 3 MR TN -, &
WAL SR 3 SARVLI TR 3 AN RN 1 AW, AR R B EFLE S SSR Fric R4 R
ZRERK. NRBRERKE, SFE AT TUE. V. ISR SR &

53 RN S E AR KT N SRR I, 7EAIL R EL A 0.79 I 8 — AN K8 . x4
FRLE B 5 SSR ARiCHIF .

FARFHMNAEEMR 1S, X5 SSR frid s A
3.2.4. ET SSR 1 SRAP @MIRICHEA BN

234y SSR F1 SRAP PUFARICHTA EE, TATH 14 4 KT MR kAT 78 2B00r, 45 B IE
5. ME S ATLAEH, TEBEAHBLREZN 0.70 &b, PR 14 4 KT ARV 4 RERE, B4+ 1F
oA R SSR AR I R R — SR . AFEMR, ZRE 0K R P | KEHIN R IRE R
BRI 3 SHIRG R REIE, B2 KB RGERRHR AT | SISRE R RimiL. N RRER S,
S BT TRTAS EH KK, 5 SRAP KA.

REEN

RIS BR
Fﬁé% 5]
FFH5 KT

FHI

M5

—
Lk
R AR

Vg

SELSS

[ PN

SR
w1

[

T T T T T T T T T T T T T T T T T T T ]
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Figure 5. Cluster analysis of 14 Dading bitter gourd germplasms based on SSR #1 SRAP markers
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