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Detection of the Paternal Mitochondrial Inheritance in Cucumis
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Abstract: Molecular analyses of cytoplasmic DNA are useful tools for evaluating the systematic
position of one genus. The determination of chloroplast and mitochondria inheritance is a pre-requisite for
the use of organelle DNA. For the vast majority of angiosperm, mitochondria are maternally transmitted.
However study showed that mitochondria of cucumber (Cucumis sativus L.) and melon (C. melo L.) are
paternally transmitted. In order to study the unique model for organellar genetics, we detected the modes of
mitochondrial inheritance of eleven different species in Cucumis by cytological observation here.
Organellar DNA in mature pollen grains was observed by 4°,6-diamidino-2-phenylindole (DAPI)
fuorescence microscopy combined with the conventional “squash method” . And then mitochondrial DNA
in premature and mature pollen grains was observed by 7 100 resin sections double-stained with DAPI and
Mito traker green (MTG) fuorescence microscopy. All thirteen species were classified into two types based
on the presence or absence of mitochondrial DNA in mature generative cells or sperm cells. Eleven species
in Cucumis could be grouped together with cucumber, which only had mitochondrial DNA, while pumpkin
and squash had neither mitochondrial nor plastid DNA. The presence or absence of mitochondrial DNA

corresponded to paternal/biparental inheritance or maternal inheritance of mitochondrial. So the result
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revealed that all the species in Cucumis used here had the potential for paternal mitochondrial inheritance,
while the control materials displayed maternal cytoplasmic inheritance. These data provide a foundation
for further studies on the molecular mechanisms of mitochondrial paternal inheritance in angiosperms.

Key words: Cucumis; paternal inheritance; mitochondrial; MTG-DAPI double-stain

SRR TN S A R 40 i b o A AR Y I A 2, e AT O T A R s, AR
ANIEAE d R AR R, HURAR 5 ARAn i gs S R4k B T REAR. CARRIRGE, 7 MISERE R, IR
R AN M EERAL . Correns (1909) K 4%% (Pelargonium zonale) &L T Ak &l /R AL B,
Ja KA WEFUR A AE R B D ] AR I A, SR TS R (Heifetz, 2000). £
WRBAHTEA 600 Z/NF (g kAP 40 M st A% 7 AR B e, ORI DT A 8 74l
Y R K24 (81%) #i& o BEREME (Mogensen, 1996; Birky, 2008).

1Mok T Eebi g gt 4% 772U R R R A2 R Ze ki /A4 DNA 2 J5 (Nass & Nass, 1963), Jf H &%
G T S Lhith s ALt 57 (Dawid & Blackler, 1972), 0¥ 2k 210 H 4 B R il . 2
Ja KBTS T YR L AR B 7 kg B BE R 1AL T7 X, 24 Pt s sk A, CaRIEm)
HAEKEE (Nakamuru, 2010). #JK (Havey etal., 1998). #JIl (Calderon et al., 2012) Flff=%

(Zhang, 2003) S DEREYIAAE L RisE SRR EAE LS .

SRR AL ZR 15t A% IR w240 PR B s DAL PR R A ik DR E A SR B R R v, ) LAk 4 25 2 A
0 A BRI 5 B (Hu et al., 2008). o JIFIEH IV L kiRt 4% 7 200k 28 LI AQ &R 1ot
&, TRERARFE IR AACA, EHFMNZIERA AL, MrsE DNA G HoERER B,
B R AR SR I K/ (Ennos, 19945 Shaw, 2002). BRIHCEFFE U P HARAL R 1 28
Fitksife 73, B A AL RBE AR B s, TR 17K IR AT 40 25 11
AL R AR KM

0 it 25 3 PR TR S A S M OC AR I E AR, A 40 ol ik DR A P A% T O AT A
KoM B HEA o ASBIFFE R TIVE 11 FbDRHR BGAER 354 T T DAPIL s v, 523041 i 5 DNA
15 BIAFAERS O, DA 2 AP AL 40 i ds S R I vl g, ki H MTG-DAPL B /R R, [A] i
T M B R Fs A A B S R ARy AT 5%, I LAE— 22 X 4 DAPT I Jv et v AR BE A% J A7 A
5 DS 2 1) 0 458 2 R AR S I A, DT A TR G R AR BE DR 21 R A R st AR R 1k, Rl — D4R
RERLR AL R IBAL W) 2 AR R S A7AE B 22 AR 38 1 2R BEAT LI A 70 8okl AR BE R 5L A W) H 56 iE
SRR R IR R IR R
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1.1 ##

JEREH RO FR T (Cucumis. melo). I [Cucumis melo L. var. conomon (Thunb.)
Makino] + #/RAEFH (C. sativus var. xishuangbannesis. C. sativus var. hardwickii). 2% Il (C. hystrix).
TR A 3 R B 2B 26 F (C. dipsaceus. C. anguria. C. myriocarpus. C. africanus. C. metuliferus
F1 C. sagittatus) 3£ 11 MR RIZEAT DAPT YLt R g) AL, R EE B8 25 R P 2

(Cucurbita pepo L.) F1EgJI\ (Cucurbita moschata D.) £ A% (£ 1),

P A RS T 2013 4 3 1 EA)FERIE S AT L BT FRE T, 48 40 d B AR K e AR e 0
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#* 1 MTG-DAPI W aikiatkl
Table 1 Materials for MTG-DAPI double staining

4ii*5 Code 4Bk Name

/%3 K Cucumis hystrix Chakrav.

¥ (G35 )R Cucumis sativus L. var. hardwickii (Royle) Gabaev
VYRR AN ) Cucumis sativus L. var. xishuangbannesis Qi et Yuan
it IX Cucumis melo L. subsp melo

it JIC Cucumis melo L. var conomon (Thunb.) Makino

e JIEF 423 % A Cucumis dipsaceus Ehrenb. ex Spach
BRI A3 bk Cucumis sagittatus Peyr.

IS 4E 3T A Cucumis myriocarpus Naudin
HERBEFAE T % F Cucumis africanus L. f.

TR AT 2R Cucumis anguria L.

JESH 1 Cucumis metuliferus E. Mey. ex Naudin

®JK Cucurbita moschata Duchesne ex Poir.

PE#i 4 Cucurbita pepo L.

>

ZZR-"—"IZQOTmUAQW®

12 FHi&
12.1 DAPIEK $&

DAPI (4,6 - )3k - 2 - ZKJE) FTLU DNA #EAT 40, i A DAPL 4L tioxt sl A6k 4n ik A7
WG, 5 BEAE A0 5 b W 5 21 A B A% ) R O 40 B 2% DNA, TR0 A A7 A b A sl o 44k . 5 4E
WIRZ M Zhang %5 (2003) 715 RAEFTAT MR RCEGH e I AE A6 28 T80Tl AT T R K 4R ) 35 5%
ML, BT a3 F, T B R SE VRA DAPT B (& 10 pL, B MNELCELER S, 1
BB ek, & by, B RuEAR, FRHE R — AN B CRAT 2 IREFR), MR A& AT
FHEHE 2 min, £ DAPI 5 DNA ®ur4siarfa, BETRGEMET, EPLRINEAIITIHE.

1.2.2 MTG-DAPI 34 &,

FHT DAPI [k 7 Je 0 (1) 45 AR X 43 HAR S 2ok b Je 244, il LAz ] Technovit 7100 # fii
D) i MTG-DAPL UG A, HIEXT DNA K 27 PR HEA T4 7 e €k X A6 0 2B B 41 M % 4
L (10 40 L 55 356 R A

18 PG R 41 e (o mf s AN (0 R T I T, e U B SR e U (9 164 EAT Technovit 7100 44 i
Y] e (Sodmergen et al., 2002) U7 5 5 A0 H R A7) HER7Y e XoF 25 St G €00 700 1A AR 155 200, LA i
ESET T ES] TBO (HZEHEEE) Yobldt 4T Pilab B . B AAER 1 20 0 e Ji W) g Ak Bt f) 1) A 6 75 5
5g-L'TBO (CFRZMEIEM AR T 70% 20D Fetalirh 4t 40 min. ASHFSE AT E A TBO #H4T4k
FI¥ Ak C. melo L. subsp melo. C. melo L. subsp conomon. C. sagittatus. C. africanus ! C. anguria,
JLAATRL IAE R 75 B2 TBO BEAT T (A AL BE

MTG (Mito traker green) J&Z& b AREAR: 5 4ukl, v A 2 b AR g5 M AT I A o TG (L4 ol i
HEAT MTG B i, WHREIAE R A1 M (0 e (462 . 48 20 nmol - L™ 1) MTG TAEW (MTG i b
1 mmol - L™ ) Mito Tracker Green FM™({] DMSO ( — H LW H) %W, To/K SRR MTG gk
50 000 {55 R0 MTG TAEMBOHHHE 30 min. BEYTER 9 B I 4 (0 4 2 x 107 nmol - L () MTG
TAEMB G 10 mine MTG R85 W 5KV & THRIK b, 78 50% SFE G YE 3 min, FRAEZEMRK T
1EYE 3 min, 55 HIEAURER 2 RIK D 7EVI R _EREIAKREE ) 0.1 pg - mL DAPL % 44 4 6 min (78

DN

DAPI W I E : ¥ DAPL ¥y A% T Tan buffer (£ 20 mol - L™ Tris - HCI, 0.5 mmol - L EDTA,

1.2 mol - L™ W K§MEAI 7 mol - L' B - $idE 482 Lk Z R 100 mg - mL™ ff A7, A
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Tan buffer ¥ BHR 52 0.1 pg - mL"' o« DAPT B (458 B (K80 7 P K 400 B4, B A) & T8t
s FALEE, JefEWE S MTG Qe gh iR, FIAERoME R DAPT Y BG4 | .
123 BHRA%

DAPI Y05 IR e, MTG RGP ek taset. N T Txbric s r i, &
BRAERH AR, LA G 57 B DRI A s Yol 5 (R X 3K

2 RGN

21 DAPIER#BEZER

0 it 5% R AR RN SRR IS5 4T DNA 45
¥, i H DNA HIHEG 8 A4 R R %
(FFAZ X 35, 31X AN X 33, DNA 5 DAPI 45 & B
SRR EEOR, TS RIX L] i gE DNA
ST s S AR IR

ARG 45 RN, Ay & s e R AR,
Fe i i s R —/M 1, 4l i s A A
T 2R 1 A0 M R B e, P AL Al
ML T, AT B IR Rl

8 1o
N \) ‘ 1 HINE SRR DAPI REBER
WEERIL, AT (O X Iy ] A2 X ST I AL DNA. PW: JEBPRE: RN: A4 MR

1A E 2 A GO AT A0 AL A 1A G VN: ETRAL

s N L s , A Fig.1 DAPI-stained epifluorescence microphotograph of

3 . PANE A, 25
3 A b AR BEAZ 20 BB IR AN A% . RS mature pollen grain in Cucumis
':F‘ 11 /I\EELI[&E *Ef% EF‘ ﬁ 10 /I\%%élﬂ E@T@l‘% ’ Arrows indicate the fluorescent spots of cytoplasmic DNA. PW: Pollen
,T/E j‘] Xﬂ- 71 E(J E;ﬁ]}—[& . ﬁ ﬁg&%%éﬂ] H@‘ﬂaﬂ%\ . wall; RN: Reproductive nucleus; VN: Vegetative nucleus.

H & 2 Al UL, C. myriocarpus Naudin {£4)
MR E B, AT AR R AR XA o RO IR AR T 2 MAEARIE, LU =it i,
R Ay T AFAE 2 ARG A AL AN 1 ANE TR A%

2 FHINEHE4 Cucumis myriocarpus £ 4HAEEY DAPI e AR
SN: 4% VN: EIRAIMi%.
Fig. 2 DAPI-stained epifluorescence microphotographs of pollen grains in Cucumis myriocarpus

SN: Sperm nucleus; VN: Vegetative nucleus.
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HE 1 n] DLAER 41 M0 28 F v A DAPL B (i, 0 A= 58 40 A SO 40 Bt J) [ 4/ 40 e 2% DNA
gettonio I 2 v, Zgiffafernth 2 AR R I 40 i 2% DNA Qe niif 2 bAEs i,
LGRS A0 5 ORI 25 5, SCAS IR 41 I 2% DNA #RAT %38 21 J ALK AT BE

HHE 3 AT, 11 Pyt T R A AR A 5 A0 A% sS40 I A% 5] R A7 AR 40 Jfl %% DNA, T A
FLAN 4 DNA #A REREAL B REBUE T BE . 1X />4 5T TUE Py S TR I 8RR o S &R
WALHHE A (Havey etal.,, 1998) —3%.

AR A0 B T TIP3 P ek i s 5 R o, JLAEBE 40 A% J R JC AR A RURIR. DAPI
Petifis (K 4, BN A s DNA, FrCUe AT r 4 o 2% 3k R 4 3 LLRE R s A% 1 77 Xk
ATAE 1 .

3 HREATERMREIES DAPI R BLER
ik JR A A1 DNA, MRS A~K K 1.
Fig. 3 DAPI-stained epifluorescence microphotographs of pollen grains of different species in Cucumis
Arrows indicate the fluorescent spots of cytoplasmic DNA. Material No. A - K were listed in Table 1.

B4 FHERBR () MAHE (R) BBEHARE DAPI s
RN: ER4IHIRZ: VN: HEIRA M.
Fig. 4 DAPI-stained epifluorescence microphotographs of mature pollen grains in
Cucurbita moschata (left) and Cucurbita pepo (right)

RN: Reproductive nucleus; VN: Vegetative nucleus.
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2.2 MTG-DAPIXUE fa 45 5
22,1 NEAEHE

DNt ST A0 A7) A2 FH BRAZ 400 PR 10 U 40 M 2 A8 (R RT3, 3 Ao BT AW 1 40 it #8572 5 40 A%
U TR MAZ ) R 3 AT O FHIET S WAL, SRR 2 G (UG AEM IR D)l B 2300 R
W5, A2, C24) i ARHNE R (&5, B2, D2, E2%8), XRS5 (Hu et al.,
2008) —=EL,

I BE ARy 41 B D) 42 MTG-DAPL UG 5 27, A 5E 41 B R Bl A7 AR 0N T s b A4 S 25 4
TEAER) MTG 78 06hsic, IF HIXEehric 55t M 1) DAPI drid A (B 5). g5 1R, HRE Y
TER /NI T35 1 IR 2253 34 A K SR AR HEBR AR AR T A M &b, T oy BE 20 T AR B i b, JF
HIXAN I [ 2R A5 775 DNAL

B5 IHMRMERIEBMAMAPELET R MTG-DAPI REE
Hi R A LR TERLE, MBS A~ K SIE 1, 'S JR 8
1 i3 DAPL %6, 2 A& MTG %6l
Fig. 5 Fluorescence color micrographs of resin sections of adherent pollens in Cucumis double-stained with MTG and DAPI
Arrows indicate the mitochondrial, Material No. A - K were listed in Table 1, the numbers I indicating the

DAPI-fluorescence images and 2 indicating the MTG-fluorescence images.

222 AL

I 6 7T, SRR A TER 4 I MTG Yt UR AN ARG, A Sh R et 2 i
o ETEX A RAR IS (B 6, E2, G2, 12, J2). Eid B0 DO (O B o G ta i) A K e
PP IR B REMFPLIX AN ) . T DIAZ I G 7 A () J DR e A0 4 Hh (R 2R bR B 2, 2Rk
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DAPI R4 R o, Jrf 11 FEHIR AL LSRR AN i 2E A A% F B 807 K B ) A e
DNA, i HiX2t DAPL {555 MTG {55 E G (Kl 60, RUITHIUR ) B LRy 40 A= FE A FL
A Ju 4% DNA R Lok JT #5417, IXEEZR & DNA ] DU BE /L5 40 R AAERY B b o SRR
A REAE /MU TAT 2200 SRS AN T B R v P A sl e B o BT BL, ASBIEEI K B BT it s
TP AL A DR A 850 FLAT XK A A AR B4 (1 T fiE

[ AR AR L) MTG He R DAPI e 45 SRAT EUVG BESIAE Ry 40 i, A7 AE W] S O 2o
W Z IS, RUITTHUR Yk 0 AR B Zbi ik DNA BI4Ek SO 2R 8 fr 7, L2
RIRPEL A A T DNA H85H, (HZ 2R ik DNA 7E4E8y A i e ad R b i H ARSI 15 00, DUk — 2Bk
N RS B 22 30 O (AR B A IEANTG 2E

E6 HMRREWARIENARY R MTG-DAPI W&
Wi KPR AL RLAR P EAL B, MBS A~ K ZEE 1, %5 JRII e 1 K DAPL 50K,
2 {3 MTG 7614
Fig. 6 Fluorescence color micrographs of resin sections of mature generative cells in
Cucumis double-stained with MTG and DAPI
Arrows indicate the mitochondrial, Material No. A - K were listed in Table 1, the numbers 1 indicating the

DAPI-fluorescence images and 2 indicating the MTG-fluorescence images.

DN DT T R A0 s A Ao 2 L 1 R A A 5 0 s B R IR AR Z T AN, %7
b JICRITG & 75 1 BCGAAER A0 ML) v EAT T DAPT Qe g anlEl 7 s,  md IR DG 2 4ok 2E B
ML P BT s A LA DNA AFAERI SIS S o IS5 T T BA A 40 H Py S (0 005 1)
g g (B 4> 20 RIS P ek A M 2B I A% BE A7 AE LR R DNA B AN AR 2R 1R
DNA, Jr A PACHI A g 1 det At B BEAS
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B 7 EEREKAES A R AR i DAPI 2 E
RN: ZESHANMIRE: VN: IR .
Fig. 7 DAPI-stained epifluorescence microphotographs of resin sections of mature pollen grains
in Cucurbita moschata and Cucurbita pepo

RN: Reproductive nucleus; VN: Vegetative nucleus.

3 e

HEL (1990) 2 HAEK 40 M 45 KR Ak i) DU A B 285 1 2% o AE9TH MTG-DAPI XU (.45
SR, BTOR PN AS [ b P () 6 20 IR ) S T A5 AR AR [A] s P [0 (1) Aok 7 2 T 2% B R 1k 55y T A7
TEZEE e IXANEERAFE A HL (19900 H& H ARk 4l i 45 A RFAE v A D Rl R 52 M S %X — 451k .

AW AL TR 2 2 FhAeas R G, 43 50 P 4 LA ERs R0 — 40 Bk . PR [ A8
RE TR AR B AT e b A KL D A NCE 5 A% BAC ZR L (R AT e 1T BHF 5 I A FIETC P i IR 3
JRIR kiR R Rivifl (Havey et al., 1998; Shen et al., 2013), HHHEIARI H (1) HH I FE 4
[y 2R AL IR 41 Ah 4 2 Risi A o

S BGAIE CA L HE, i e TR S bR L D 21 1 AL R PE, AT L2 LR JLAN 7 TR TR
F: OLRARRER BRI R AL R h Rk 457 e I DNA TE4bky K & ik R b 8 A WL LL X,
DAl 3 AN [zt A% 7 SOR AR AR RIS I s @R A8 ZRasA% IRl TC S8 A A A6k R Ik R v AR 40 1) 6
FifA DNA BUE AT e &, [0 BE R s A% AR A0 A B 40 M HP (9 2R Ak DNA B AR R 55 EAT o2 o
O s 2 ) A HE 40 M T L S A e R AR DNA, I 4 i O B IR A 4 U 1
(Krichevsky et al., 2007), XfERARBEATIRICMB)ENSE (Yamaoka & Leaver, 2008), SAffiic £k
gk DNA TESZRGE R RAESZAEON . &1 IR A RAAAE S Ol @I IS 7 b Bs 4% 2
75 ISR SR AR IE PR 20 (1) 52 R st L¢Pt (Shen etal., 2013).

SRR R 354 B A0 RIBAE AR BUEE BT B 58 AN I R, e 2
AL R PIRES, FF AR R 2 R —ANE ik ifsiE 7 LA —5 (Zhong et al., 2011,
ATRAIN A, 4 B ist A% o] DAV A B A RS RIS S R b, R SRR 1A SCH
UL D o AWEFE R IRAE T TR 8 IR I AR e 2 AN B 2RI Zbh ) 2 R AR SE R 41 H AT A2
ESULI- PR

A2 R I, TR R TR 4l B s 2 IR st A i 45 = EAE LR U7 T (Calderon et al.,
2012). Sodmergen 55 (2002) AHFFTINA A5 40 i Ik B P A2 R GeRi A4 DNA PRI 2K BOK H 4 ool 2
LR A 2 LR R B NLEE . H 2 — SU RIS S AR AT Lo R RIBARAE ) T ki iA DNA () Ffi ot
ANgE4x, (A RHAE R A0 A% R B (R 0 &5 SR ], MEME RN MO 40 Uik DNA R34 2% sl /b 5 v i v
T IR EEAI O (Nakamura et al., 2003). T ZeRiAS R4 R FALDFI SRR >, BT DAAH G
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PN TR S D, 23X HUAS I 2 TUR 2R AL DR3BS R IR ), R — 28 R AR HE
MR R GO A A% R PRI SE5E T LA
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