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Identification and application of pumpkin molecular markers on root-

stock with bloom-reducing from cucumber surface after grafting
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ture and Forestry, Huazhong Agricultural University, Wuhan 430070, Hubei, China, 2. Qingdao Jinmama Seed Technology Co., Ltd.,
Qingdao 266611, Shandong, China)

Abstract: To develop molecular markers for Cucurbita maxima rootstocks related to their ability to remove cucumber
fruit surface’s bloom, evaluated 18 different C. maxima materials with varying bloom removal capabilities through graft-
ing. The results showed that when cucumber was grafted onto rootstocks with strong bloom removal abilities, the silicon
content in the stems, leaves, and fruits of the scion cucumber was significantly lower compared to those grafted onto root-
stocks with weak bloom removal abilities. This indicates that the bloom removal capability of C. maxima is associated
with its ability to absorb and transport silicon. Using the previously reported molecular marker CM1-CAPS based on SNP
of the silicon transporter gene CmLSil, along with the SNP-Sanger sequencing and Hi-Tom sequencing methods designed
in this study, we identified and analyzed 57 C. maxima rootstocks with varying abilities to bloom removing. The results
showed that all three identification methods achieved a 100% accuracy rate for selecting the bloom removing trait, indicat-
ing that this molecular marker is suitable for breeding bloom removing rootstocks, which is of great significance to accel-
erate the breeding of new varieties.
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Table 1 Pumpkin materials for molecular marker identification of bloom removal
s B i ER R ERIN s PSR SRS PR ERIN o
Sample Germplasm Bloom removal f(f; Sample Germplasm Bloom removal E{fé
number number capability number number capability
B1 24RW141 JEREE Bloom [ %% & Inbred line BL19 24RC143 Hit# Bloomless % 4 Inbred line
B2 24RW141 e Bloom [ %A Inbred line BL20 24RC143 fiiti# Bloomless  [47%C % Inbred line
B3 24RW141 e Bloom  H A& Inbred line BL21 24RC143 it i# Bloomless [958 % Inbred line
B4 24RW161 e Bloom  HAZ A& Inbred line BL22 24RC145 fiiti# Bloomless [958 % Inbred line
BS 24RW161 e Bloom  HAZ A& Inbred line BL23 24RC145 fiiti# Bloomless  [47%C % Inbred line
B6 24RW161 e Bloom  HZAZ A& Inbred line BL24 24RC145 it i# Bloomless 475 % Inbred line
B7 PTYC22Z0  dElidf Bloom %A Inbred line BL25 24RC150 Jit i Bloomless |47 % Inbred line
B8 PTYC22Z9  EJIE Bloom % & Inbred line BL26 24RC150 Jiti# Bloomless 4% & Inbred line
B9 PTYC22Z3  EJiil Bloom |42 & Inbred line BL27 24RC150 Jit i Bloomless 4% & Inbred line
B10 PTYC227Z5 il Bloom  FH%Z & Inbred line BL28 24RC155 Jiii Bloomless 2 % Inbred line
Bl11 PTYC22Z6  Efiil Bloom % % Inbred line BL29 24RC155 Jiii Bloomless  H 2 % Inbred line
BI2 PTYC22MO06  EJiil Bloom [ & Inbred line BL30 24RC155 Jit3# Bloomless %2 % Inbred line
BI3 PTYC22Y6  Efiil Bloom % % Inbred line BL31 24RC163 Jit4# Bloomless %2 % Inbred line
Bl4 PTYC22Y4  JEfiilf Bloom  H %X & Inbred line BL32 24RC163 Mkt Bloomless — FH2E & Inbred line
BI5 PTYC22Y7  AEMiH Bloom  E %X Z Inbred line BL33 24RC163 Jit3# Bloomless 7% % Inbred line
B16 PTYC22Y8  dEMif Bloom %X Z Inbred line BL34 24RC173 Jlit3# Bloomless [ % Inbred line
BL1 24RC100 il Bloomless 2% Hybrid BL35 24RC173 Mkt Bloomless 28 & Inbred line
BL2 24RC100 il Bloomless 2% Hybrid BL36 24RC173 Mkt Bloomless 28 & Inbred line
BL3 24RC100 it Bloomless 2% Hybrid BL37 24RC175 ikt Bloomless  F%E % Inbred line
BL4 24RC102 Bl Bloomless 2% Hybrid BL38 24RC175 ikt Bloomless 28 & Inbred line
BL5 24RC102 Bl Bloomless — 44% Hybrid BL39 24RC175 ikt Bloomless  [428 & Inbred line
BL6 24RC102 it Bloomless — 44# Hybrid BL40 24RC180 it i Bloomless  H7%Z % Inbred line
BL7 24RC111 Bl Bloomless [ 73Z & Inbred line BL41 24RC180 Hid# Bloomless % 4 Inbred line
BLS 24RC111 il Bloomless [ 73 & Inbred line BL42 24RC180 fii# Bloomless % £ Inbred line
BL9 24RC111 il Bloomless  H %2 & Inbred line BL43 24RC182 Jiil Bloomless  H 32 & Inbred line
BL10 24RC129 il Bloomless  H %2 & Inbred line BL44 24RC182 Jii ks Bloomless  H 32 & Inbred line
BL11 24RC129 il Bloomless  H %2 & Inbred line BL45 24RC182 il Bloomless  F 32 & Inbred line
BL12 24RC129 Bl Bloomless [ & Inbred line BL46 24RC183 Jiil Bloomless  H 32 & Inbred line
BL13 24RC129 Bl Bloomless  H %2 % Inbred line BL47 24RC183 Jiii Bloomless [ 22 % Inbred line
BL14 24RC129 Bl Bloomless  H %2 % Inbred line BL48 24RC183 Jit i Bloomless 4% % Inbred line
BL15 24RC129 Jti# Bloomless 13 & Inbred line BL49 24RC193 Jit i Bloomless 4% & Inbred line
BL16 24RC140 Jit3# Bloomless 13 & Inbred line BL50 24RC193 Jit i Bloomless 4% % Inbred line
BL17 24RC140 Jit3# Bloomless 1% & Inbred line BL51 24RC193 Jiii Bloomless  H 2 % Inbred line
BLIS 24RC140 Jit3# Bloomless 1% & Inbred line
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Table 2 Primer sequences for sequencing method

CIEYEy Sk ]

Primer name  Primer sequence

CmoLsil-e2F ACCTGCAATGGCAAGTGA

CmoLsil-e2R TTCGAAGTTTGAGTGAAAATGA

H-F2 ggagtgagtacggtgtec ACCTGCAATGGCAAGTGA
H-R2 gagttggatgctggatgg TTCGAAGTTTGAGTGAAAATGA

T < /INE R R B A

Note: Small letters represent general primer sequence for sequenc-
ing.
1.3 HUERSH

% Fl Microsoft Office Excel 2016 % ¥ i 46 %

ALz, ok A DPS 8 AT 5 2 0 i, R XS
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PCR 4 347 Wl > 45 SR 3047 7 51 Lt
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Fig. 1 Silicon content in different parts of single plant of grafted cucumber seedlings with different pumpkin rootstocks
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A BT HF 5T

FE A (AR P 6 7] B 2 A7 i s 0 = JBi 35 1) SNP A7
0, BB IX 2 MR AR T BE R B0 5 RS 1 2 A
=R 7/

2.42 WM JFik% e SNP 47T Sanger Il 5 ik & 1E
CmLsil %8 E55 726 £37 SNP 7 s i b R iFdeit-3
W51 Y, 91 ORI DNA B BOK/N A 158 bp, ik
726 bp i R 1Z T B 58 bp AL B . KT A 1%
158 bp H 1 BLf) PCR L 20 77 2 & 34T 5
[0 7, 30 51 409 CmoLsil-e2F , Ml 7 1% i (1) 45
Zead AL, an S0 B 58 bp A7 B L

33 bp 58 bp

. I §

Bl.seq
B2.seq
B3.seq
B4.seq
B5.seq
B6.seq
B7.seq
B8.seq
B9.seq
B10.seq
Bll.seq
Bl2.seq
Bl3.seq
Bl4.seq
Bl5.seq
Bl6.seq
BLl.seq
BL2.seq
BL3.seq
BL4.seq
BL5.seq
BL6.seq
BL7.seq
BL8.seq
BL9.seq
BL10.seq
BL1l.seq
BL12.seq
BL13.seq
BL14.seq
BL15.seq
BL16.seq
BL17.seq
BL18.seq

T, 30 BRAZAE AR R S RE A, By C T3t BHAZ AL
RONAEBEREA . AR HZ AR E T 67 IMFE
A, Horf 51 NS REAS, 16 DN RS REAS . W T 45
FEIR, 51 AR FEA T 58 bp (LB TN T, 16
ANEBUEFEA ) 58 bp AL B AN COE 8), IR
F Sanger Wl /7725 45 5 I K7 A R 110 74 1 26 0 0] DA
5] 100%.

2% K H Hi-Tom WPk %5E 17 24 4S5 AN
ARFEA, o 18 MBS FEAS , 6 DN AEMLITFE A . 4
RUFE 3 fror, 6 N AEBUESFEA ) reads 76 HAx SNP

8 —HMFZELRE 67 MEAREMAFARNR AR SNP FRIZER

Fig. 8 SNP tagging results of bloom removal identified by first generation sequencing method on 67 pumpkin

samples for rootstock

KB N C LA A 100% , 117 18 A i i FE < 1
reads 7E H Ar A7 & L T 19 EL 1 8 T 80% , F
BL16-BLI18 8l T 1 EL 5l A 100% , 5 B %
Hi-Tom Wl J7 12 %5 5 W IEof PR 1) At 6 b m) DLk
2] 100%, 117 HARYE T 8¢ C H LA EU AR IE w] DL
FEAR) B AR S R ai 4.

3 W4

T BA 25 058 45 A2 10 Pl JTCRS A 264 3 T A2
H R Y A 25 3 TR TR (0 5 9R . fEAR 4
F B AR B RS R T, AR AT IR S R

SR SIS B A R S B L TS A SR S R T R 11
BE77, AU B B, 1Mo HL (5 b AR OK , #E 2 K&
YNVARILY/ ko) W ik = 3L ik = S EAERY A 5 N
R, KRN S S IR FAR L
TR, BEMHESD T 7 Fhric 4 Bk B AR & b
[Pz ™

CmLsil £ 7 JRAR & A S e 4 AP0 i T
CmLsil £ 726 bp 4b) SNP 7 555 CmLsil %R
BIhAe BTG, R AT AE N — AN ThEgrid, Th
REPEbRIC B bl i B R AR S 2 100%. N
T U0 VIE 1% D Be AR 10 75 B R [l 6 Tt g TR A
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#&3 Hi-Tom QFELTE 24 MEARIELRR
BR4EH SNP ARICLE
Table 3 SNP tagging results of bloom removal identified
by Hi-Tom sequencing method on 24 pumpkin samples for

rootstock

FEA LT B AELCIieE
Sample number The ratio of T occurrence/% occurrence/%
Bl 0.00 100.00
B2 0.00 100.00
B3 0.00 100.00
B4 0.00 100.00
BS 0.00 100.00
B6 0.00 100.00
BL1 96.18 3.82
BL2 93.58 6.42
BL3 94.84 5.16
BL4 95.33 4.67
BLS 95.87 4.13
BL6 95.32 4.68
BL7 90.51 9.49
BLS 92.03 7.97
BL9 90.67 9.33
BL10 94.17 5.83
BLI11 92.47 7.53
BL12 91.24 8.76
BL13 91.87 8.13
BL14 89.62 10.38
BL15 89.40 10.60
BL16 100.00 0.00
BL17 100.00 0.00
BLIS8 100.00 0.00

(PR UERA 2R , 26 3 15 e i8R Jung 2520 & 1)
Y% E MO O B RS OK M CAPS 4 T Fr id
CM1-CAPS, X 5 5 4 W U A =] H2 4L 1 19 43 mg SR
JRBEUR IR 57 ANFE A CRE A Fh 0T 555K A 3 /S B pk
FEARD S 75 485 17 Mt 422 R 0 JTCE Ky AH 5 P bR 25 AT g AT
IIHT S 5 R RI, 2 4y AR B Bl RS TN IR ) 6 A
FEA (B1~B6) 1 B U1 i 140 bp F1 61 bp 9 %47 , 1M
17 3 S SE B il R TICBE R 50 MREAR (51 AMFEAR
WL ANFEAR YGRS BO [ PCR 4415 AN BEH
DIFF, R B — 2% o AR bR 0 4 R 1 22 R 2
5l AR A A2 75 50 o 1 PR Y A Rk ) 100% o
{ERAE 2 A A AlG 4 W 7 T, b i 48 7 ) 4 R s
BRAFAE— & M2 57, e B 7 o 3R I et il A o 1 1
2 ANFEAR (B F1 B2 B T 3 46017, #oaniX 2 4
TE A (AR 0T e 5] B 2 A7 s 0 = JBi I 1) SNP A

- 46 -

0, B BHIX 2 AN FEAS BT BEJ2 i 5 A T i 1Y) 2 S Al
Pko {H/Z Hi-Tom Ml /7> 45 A BHE B EIR, X 2
AFERRLZ AR A A AR B REAR o 38 I Fh 2 R
(1) Ji5 IR AT e A 350 20 FE AR ) AN 56 4 o T AE BT A
IR i AR AL KL, CAPS bRic %8 7€ 1 45 R 2 25
(1 i 055 A ki AR R, AR B A0 2 R A )
BLI1~BL6 [ 1% 72 7% & (1) i it b ki AR A4 K)o 32 il iX
Tl 25 5000 Ji DR R BB 2 A AR e 1 AN i R i
DRI Y 2% A %) 2 58 A A1 » 33 B IR 7092 6 214 Wi 45 2%
BT AAERS , AT RRAFE— LE TR 2

Bt X FE M uE Ry G OK (1) CAPS 4 F br id
CMI1-CAPS 7 % 58 [t tof ARk o 2 380 1) ) 851, 2825
PR H SNP-IIl 77 BLH % € D Rebric 71 BE XS
CmLsil I 726 bp Kb 7 SNP £ &L FF & 71
PCR-Sanger #ll /3732, 3 4E Dy e dric , B H % 77 45
T T 16 AN HEBUE A AR 51 AW AE A, 25 3
FH T 73 A1 45 08 V6 I TR 1 28 [R) A =108 100% o
FHE T PCR-Sanger Ml /777; , CAPS #ric %8 € i 1 T
AT V)Y 52, X DNA [ B 2 2 R A %
W, — BRI A 40 CTAB $2HUE, FERT 0K,
1M H PCR #38 th H ) 2% J5 3k 75 B 47 B 1A A
VKA BEHE L T . W SNP %A H B4 (1 Bl 1) Az
R R ek FH B & 5t 1) N DD g kAT B U 45 5E ,
AR 2 KK & . 1 PCR-Sanger ] 777 X DNA
PRI R LG, v DA SR FH B Dol 4 003
17 KAk DNA $2H0, PCR ¥ 34 HH H i A B BT
HEAT P 285, ST AR EE , BOAS A T AR
I, XTI REE SNP #Rid , K H PCR-Sanger /712
5 CAPS frid e i A B A% . {H)2 Sanger
TR CM1-CAPS Fric % 8 J7 1% —FETE HI T 4
G A M RE T T HERA 2R RIS, X T 2% & R B I
(IR AL, JIMWT A T R 2 R R4

Hi-Tom I J7 75 R 5 - Fh 98 48 7 T 2 A =y 1
A EE M AN R B PY, &F X Sanger M P i A
CM1-CAPS Fric % 58 J5 V2 A7 75 1) A Wi 4k & 2k &
AR THI HE Aff e (B 1D 1) R, 2835 48 1 R Hi-Tom
WFEE B hietric. FIRZTESTT 6
AN MR FE AR 18 AL AR AL A, S5 R KW, 6
AR B FEALE 54 bp AR C, A H 2 451
AW Bl A, 55 A RIS SRS 7R — 505 17 78 B0 A Al
A, BLI~BL6 7E 54 bp &bF C.T P Ff reads, i) i
HoN s & B KL, BL1I6~BLIS 1 54 bp 4b 35 °H
T, vt B HOR Al & s A R, 5 00RHS 5 R R — 30
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