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Abstract

Monk fruit (Siraitia grosvenorii), a characteristic economic species of Guangxi, China, not only
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possesses substantial medicinal value but is also rich in high-intensity, zero-calorie natural sweet
glycosides (mogrosides). As a dioecious member of the Cucurbitaceae, monk fruit exhibits sexes
that are difficult to distinguish at the seedling stage. DNA molecular markers—genetic markers
based on nucleotide sequence variation among individuals—provide an approach for reliable sex
identification in this species. In the present study, we collected previously reported DNA molecular
markers associated with sex in monk fruit and mapped these markers to genomic contigs and can-
didate genes. We further performed homology-based comparative analyses of these genes and pre-
dicted their putative protein products, thereby providing an important foundation for future re-
search into the sex-determination mechanism of monk fruit.
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1. 5]

BORAERR AR, R THF R 2 EAE A, 37 TR . IR A% R B
B8, Z)TIUEEMRBE AR 2] B PCRAEF BAE SR b A e s A A, L2 a2\
RAEAINTE], DTS &A, ER ARG T IE WA eI S E . MR <5 2 Mopom[3]. 2 DURIMAES 2
SEAMUAABUEZG I b, BT HE A2 M e =wh D DURBH By . Hor, BUCRT
D DUR R B R R, FLE LA RERE 300 £, Iff HLFAS#HE, XERD DURM T —Fi
HERIEHRF[4]. BUREEZHE BRI, A DURSEHY, $5R 22 DORH, AU SRR
PURAPUANSE L A EE, KNS DR KRN EIR AL 7 REARIE[S]. BEE A 200 T AR
B, B AORHMT P RAR . iRl IR B AR A R R 1) BRI 75 5K L0l I A% S £ it vk v,
M2 PUR T2 SR TFH 3 155 — R RAREHRGTDRIR 6] BRIk, 2 DURBAT W R S A E A T 37
TR ETS

BB, BT SRZARRFAT A REZWMOLTTFP GBI, 702 DURME YR PR ) 3
PEZEER R, PUCRITSMRIEAEEAIR[6]. Bboh, D PCRIVMERE R R, BT N T804 fig
ZESE[7]. BRI, B DURSE Y B e LSRRI, A, 35 4558 3 DNA 7KP22 57 o 4503
PR B T AR B ASOICER T 24 CARIE R D DURVEAIE B DNA 7 FARIL, FHATIZEE) FARiLi 7
FIEAT TN AE LM, KB 13X A 7B ic B e AL DR BB AT S D], I X X S S DA (8 PP 910 AT 1 T
PRLEXS I, KON FE S PURNET D e pL R (it 1 5 ZE A AT FU kAt .

2. RS RE

AW FEAE FH 10 B DR (Siraitia grosvenorii) 32 K 41 5 3 B B0 K UR T A 4085 P2 NCBI (Bioproject
PRINA339375). A 55K TBTools (https:/github.com/CJ-Chen/TBTools){F Nz Lo #TF- &, A HN
B TR H LA L Sz OB R K2 7 5 EE, {8 TBTools Y ZR 4t K B W4 2 4 (I
RAXML-HPC2 v8.2.12) 14 & fx NSRBI (ML)B , S8k B 5 R L — 2.
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FHNH %

3. BRI
3.1. DNA S FHric o2

DNA 73 FFrid 5 TAMR AR AE ) BT AR H IR S A 5, BRI T DNA KPRy fE 22851 F
5 FARd R, Wik 1| s FREME R B 2 38 M (Restriction Fragment Length Polymorphisms,
RFLP), ¥ F BLK & £ &% (Amplified Fragment Length Polymorphism, AFLP), FEHLY 1% 2 DNA (Ran-
dom Amplified Polymorphic DNA, RAPD), Ml ¢ )4 4 X Bt (Sequence Characterized Amplified Region, SCAR)
&[8]-[11].

Table 1. Comparison of molecular markers: RFLP, AFLP, RAPD, and SCAR
5% 1.RFLP. AFLP. RAPD 1 SCAR £ FHFiZHIELE

%ﬁ\ﬁ\? ﬁi‘a\ RFLP AFLP RAPD SCAR
FICTMEE R E. SRt SEE. SRt AR, BERME GREE. SRk
YL = = {iS &
RS UAS FE = = = fiX
Ts?'d’ﬁ*;iﬁix&% & " 5 5
/X
SRR ] IS Ji Ji K
FE A8 FH TR 2 R/ % &
LioRI a3 D)= DNA § 1% DNA #1184 DNA 4 14
HE A =1 =1 % i
AIfERE i i {(iS =1
iRl LR A 2R EZN BN R
il B3 A N T RS DX AEERA SEERA JR
Tl AR TR = [ {15 {15
AR 5 R £ ) = = SiE AV & E
£ 5% PCR No 2 2 &

RFLP 22— DNA 7> FAricEiAR, i A TR NSRRI — N7 B[ 12]. RFLP $AK
TR I X A A [ R R 24 DNA FE BR il PR B AL J5 7= AR AN R B2 DNA J7 B, AT A 7] g 2
A%, RFLP &k 75 Z KR DNA (5~20 ug), HARXMEX 3R AT, Kl oh B0 i s
PERINLER, SEmIs g, RBUERRS.

AFLP J& RFLP #i AR5 PCR HiARMG A1 1%, FoZ a5 BRIV P DI R (—FhFa A A7 25 D) F B AN — Ff
L B BB L R 20 DNA DIEIF= A A F KM DNA BB, XX EE DNA F Bads G i3k v
H, SRIGCAN CHSL W BAME N5 WId AT Ty 1, S e AEH Sk FAMEE R 3N 1~3 Ak BV R A
SIYIXT RN DNA J K B AT Ry 3, i vk 2 Bkl 3 B (4 38 = 2 45 [ 13]. AFLP B2
IR R, AIEAEAI R 2 A 1E . TLF A DNA FIUE B 6 5 R AU BOR B AR AU, 45 &
PiPEmr, DLAREPGEA T E 2 A A B X #15 AFLP fERF 5 s FEPRIGA: Yo b i b i ot A%
SR ZRE M R O — R EAE R AT 0 FARLEOR . RE Wk, T AFLP JvkfR Eimid Y. ¥k
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BRBURH VARSI, FFAE TIN5 E ) DNA A E AT, X S B0XI7E R AR R & B /R 2R
HARN FARETEK[9]

RAPD /& —#i%:T PCR HiARM: 2 F T4 @ R AL 1 771k, HOR R FHBEHL S 0GR S 10 ) xof 5
(K2 DNA HE47T PCR 43, Gl i LU =W i) 22 25 K e Mk K 0% RANBE R B[ 14]. RAPD X752/ &2
DNA H7EHU/ING sl o] DLERAE SE R {H /2 RAPD [WEIUPERZE, AR AR RIS 6] (1 5236 26 1F 24 mT 550
SRS EE R AEARAE[9] [15].

SCAR J&1E RAPD f2&hli B J R,  HOR A BB AR 14 51 ¥0(15~30 bp)d % RAPD 361
B, X AE A3 SCAR LTI RAPD 38 % 18 2 I B I 7] @ [9] [16]. SCAR CUHEIIE BHTE 4 52 P 3 F1/EK,
FR] KSR AE A S e i), B S0 s S EL S AT SE AR . e b, SCAR AN EURE RNz 2, HAUKI
BN A, HUA B AL SRR, TN T AR IR R R B S A A B R [9]

AFLP. RAPD HI SCAR # A AR SR Aar e 2 R DNA 7P (22 57, AT SIS 2SR e ) 4
5l I, PRI IE I AFLP bric e AR Pt 4 50 B SR Ly i ERERR [ 17]; 1A AR I 72 % 3 1@ it RAPD
BRI T B DR AEB 73T hRid[18]-[20]: BEJS , 24> SCARARICHTIT K H T2 DURMERESE € [21]-[24]

3.2. ZNRMEHEHIR 2 FARIC

B PR ) 43T AR X o B BCR A JTESE, B TS 2RISR 5 BB
FHRI > TARICHARIE . 7E 2005 4, PEFIEFIH AFLP FRiCHER, SaBEMRONr, @7 —ME W
SR MERE S ) 1 79 17]; [F4E, 65 3825 RAPD FiAR L E 3 1 SHEMEEBI 20 TAric[18]. B,
1E 2006 4F, 3 A7 P55 [FFE ) RAPD BEARRAR T 1A 0] FH T2 DU S Al It ) 25 58 40 Fhmie[19]. B S
1E 2007 4F 35 A 55t RAPD HORFEAN R 2 PUAR S Fh b 558 1) T 24 5 YR S 1 2 FhRid[20]. i
serE, A5 RN IRH SCAR PRt LRI A RIE, wskesBi21], FKKBEE22], Xk
(231435 FiE T AN SCAR 43 F-Fnic % s i SCUR S 7E 2019 4F 408 1 WA 2 IR PR 5V 1) SCAR
S FARC[24] BATREIFEI T AT D DURMERED 2 T AR T8, RGN a4 9w, a05&
2, L3k 1 4> AFLP, 3 4> RAPD A1 54> SCAR Fric /541

Table 2. Sex-linked molecular markers in monk fruit

2. ZIXRMAEXE S FRIC

S Fraic kA R[] SFRRL S SR WRFS
AFLP 2005 P | FRHRISE[17] ¥
RAPD 2005 KA + (18] X
RAPD 2006 A A FEE19] x
RAPD 2007 A R MGEE[20] RAPD 1, RAPD 2, RAPD 3
SCAR 2013 NI Tk HTEE(21] SCAR 1
SCAR 2018 NTF TR S5 22] SCAR 2
SCAR 2018 A R IGEAREE[23] SCAR3
SCAR 2019 NFF B CHRAE24] SCAR 4, SCARS

3.3. FXREHNEBH S FARCEERATHNERR
DNA JEBALYI G LA, DNA FAIR %R ] BERJUE AR ZE R . B DCRIEMEB 70745
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AN, RS e DR M2 S ARAR R R . PRk, FRATST AR 21 10 B DR B B 2 T A
TCFTAE M R BAS BT T 08 B OURIN AR AN 7 54235 A/ JLEE K T[25], @it 54
e Ja I B DR IE R LE T 5, FRATT A I 8 43 Fhic @ Ar 2 70 B 1 5 & BF(Contigs) o HOX AL 45
BOR, XS FARC M EAN R ESE L, WK 1 iR, RAPD 1. RAPD 2 fil RAPD 3 43 A5 fifE
tig00008975. tig00153277 1 tigd0005661 F; SCAR 1. SCAR 2. SCAR 3. SCAR 4. SCAR 5 75l fir
£ tig00005074. tig00153490. tig00008110. tigd0009290 1 tigd0001804 L.

uuuuuuuuuuuuuuuuuuuuuuuuuu

RAPD 1 ] RAPD 2 RAPD 3
\ tig00008975 | tig00153277 | \ ?'ﬁq00005661

T 7 scart W] | SCAR2 " " SCAR3
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[
~ SCAR4 e SCAR5 |
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Figure 1. Contigs corresponding to sex-linked molecular markers in monk fruit

Bl 1. ZXRMHN S FIRC N ERE

3.4. ZXREANEHB T FRRICH N RBERFR

N B TR S ARG R B, AT XX S ARG AL BAS BT T RS HER € A
FEHILEXS JE, FRATRE B AL 1 IX 88531 hric 22 Hooh 2 PR B AR X 3. 45 R anfs] 2 Bk, RADP 2.
RAPD 3.SCAR 1 Fl SCAR 4 #5& A7 7E Tl i) g i 7 51 2 41, Hodt SCAR 1 4E7 5L evm. TU.tig00005074.5;
1M RAPD 1. SCAR 2. SCAR 3 HI SCAR 5 43 il 5€ 7 7E evm.TU.tig00008975.2 evm.TU.tig00153490.15
evm.TU.tig00008110.8 1 evm.TU.tig00001804.1 |-, Fz HATIX LA FARcdi T 73— 1o Hrit
Fo
3.5. ZXRMEFEHM 2 FARICH M EERRNF 24T

NT BB S DUREREBI 7 Fhrid, AT RAPD1. SCAR2. SCAR3 #ll SCARS FifEf
evm.TU.tig00008975.2. evm.TU.tigd0153490.15. evm.TU.tig00008110.8 F1 evm.TU.tigd0001804.1 (#1755 (¢
HI5r 34T 7 BLAST Eoxifo 455840 3 fis, evm.TU.tigd0008975.2 (RAPD1) R AE4mAs )2 37 B A KR A
HEEFL R (Branched Chain Amino Acid Aminotransferase); evm.TU.tig00153490.15 (SCAR2)I AT GE4mAY T
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Figure 2. Genes corresponding to sex-linked molecular markers in monk fruit

B 2. ZRMASFARICH REEE

—N 1-R IR - 1-FR PR & B (1-Aminocyclopropane-1-Carboxylate Synthase), ZEE(EAEYIIME LHHIE
R R IE T EEAEH s evm. TU.tigd0008110.8 (SCAR3) M ] BE 4 AL 1 /2 & ro B IR B B 52 KR & I (Leu-
cine-Rich Repeat Receptor-Like Protein Kinase), X K IMBHE - FH MG 5 F P RE TIEE BEZRER;
evm.TU.tig00001804.1 (SCARS) U AT BEZmAL 1) &2 — N Z IR Ak, AW AR HA AR M SHEDINA A
FEAHOG, JCHRELM IR B RS,

4. ITTLERE

PR VIR AT, BAEXRWAGRMERNE: A, BT S CR M R i 7
i TIHAEDETAEY) . ARSI T A F B BURYERIAR 0 2 FARC AT 7R 500 #r, 6 2R
B R MU AT ER T o 238 8 AN DURAE A K FAnid 5, AR RAPD 1. SCAR2. SCAR3
J& SCAR 5 AT AN R A 5 (K] P 5 3K 2 g it 356 [R1 F) F0I = 0GR S B R R R R S HE RS il -SSR T e
IR EGTE. & LA IR S AR G R R AR ER DR R SR s TR, 22
CERGUE SSAE PR A Ve A BRI R[26]. TN CARW -2 LE-1-R IR & B2 YL
KOG EE L EE[27] 28], T evm. TU.tig00153490.15 4 it i) 2 (A 48 5 1 iy 4 9 ACS2 (ACC Synthase
2), Ht ACS2 75 % PR FIMEAETE BOR AT B R 3 T AR o TER R IF RUKFE R, B e a5 2 AR
R U 4 UE SRR PR A 24 2 R J R /N 7 REA LI R A2 A R [29] 0 TERL R T A B, BRETRZ
PRT LI I R4 A B T N RNIR 3 R AE R B B R B [30]. JRTT, SCHE IR A SR M e 5t S W)
BT SR T3 — BT 9T . BSR RAPD2. RAPD3 Al SCAR1 F30H & 7 B gm i 3 R X 4, (H e
ATATREEIL AR RS RNA SR 1T GEm T M AR DG B R RIE, T S SO I 2 57
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KAG6599264.1 Branched-chain-amino-acid aminotransferase-like protein 2 partial Cucurbita argyrosperma subsp. sororia

0 XP 023545463.1 I-chain-amir id ami like protein 2 isoform X1 Cucurbita pepo subsp. pepo
m KAG7030263.1 B hed-chain-amino-acid ami like protein 2 partial Cucurbita argyrosperma subsp. argyrosperma
XP 022946299.1 LOW QUALITY PROTEIN: branct hail ino-acid amir like protein 1 Cucurbita moschata

XP 022998961.1 branched-chain-amino-acid aminotransferase-like protein 1 Cucurbita maxima

evm.TU.tig00008975.2 Siraitia grosvenorii

™ XP 022150719.1 LOW QUALITY PROTEIN: branct hai ino-acid amir like protein 1 ica charantia
T XP 038887913.1 LOW QUALITY PROTEIN: branched-chai ino-acid aminc like protein 1 Beni hispida

XP 031736595.1 branched-chain-amino-acid aminotransferase-like protein 1 isoform X1 Cucumis sativus

XP 031736596.1 bl h hain-ami id ami like protein 1 isoform X2 Cucumis sativus
XP 050940696.1 LOW QUALITY PROTEIN: branct hail ino-acid amir like protein 1 Cucumis melo
KAA0063687.1 branct hail i id al

like orotein 1 Cucumis melo var. makuwa

XP 008452008.2 1-aminocyclopropane-1-carboxylate synthase Cucumis melo

NP 001267589.1 1-aminocyclopropane-1-carboxylate synthase-like Cucumis sativus

XP 038884554.1 1-aminocyclopropane-1-carboxylate synthase Benincasa hispida

ABO76785.1 1-aminocyclopropane-1-carboxylate synthase Citrullus colocynthis x Citrullus lanatus var. lanatus

XP 023553125.1 1-aminocyclopropane-1-carboxylate synthase-like Cucurbita pepo subsp. pepo

KAG6577179.1 1-aminocyclopropane-1-carboxylate synth: partial Cucurbita argyrosperma subsp. sororia
XP 022931369.1 1-aminocyclopropane-1-carboxylate synthase-like Cucurbita moschata
evm.TU.tig00153490.15 Siraitia grosvenorii S CAR 2

XP 022136430.1 1-aminocyclopropane-1-carboxylate synthase Momordica charantia

ALR99803.1 ethylene synthase Trichosanthes kirilowii

XP 022980588.1 1-aminocyclopropane-1-carboxylate synthase Cucurbita maxima

BAB47124.1 ACC synthase Cucurbita maxima

XP 022941715.1 1-aminocyclopropane-1-carboxylate synthase Cucurbita moschata

KAG7031191.1 1-aminocyclopropane-1-carboxylate synthase partial Cucurbita argyrosperma subsp. argyrosperma

KAG6600552.1 1-aminocyclopropane-1-carboxylate synthase partial Cucurbita argyrosperma subsp. sororia

o XP 023553977.1 uncharacterized protein LOC111811393 Cucurbita pepo subsp. pepo

10 °‘°1m XP 022952106.1 probable LRR receptor-like serine/threonine-protein kinase At1956140 Cucurbita moschata
100| 0.06| 5

XP 022968872.1 probable LRR receptor-like serine/threonine-protein kinase At1g56140 Cucurbita maxima
XP 0229521071 probable LRR receptor-like serine/threonine-protein kinase At1g56140 Cucurbita moschata
002 XP 022968871.1 probable LRR receptor-like serine/threonine-protein kinase At1g56140 isoform X2 Cucurbita maxima

1007007 KAG6572463.1 putative LRR ptor-like serir ine-protein kinase partial Cucurbita argyrosperma subsp. sororia
002

— XP 022952108.1 probable LRR receptor-like serine/threonine-protein kinase At1g56130 Cucurbita moschata

- XP 038888006.1 probable LRR receptor-like serine/threonine-protein kinase At1g56140 Benincasa hispida

ey XP 008447120.1 probable LRR receptor-like serine/threonine-protein kinase At1g56140 Cucumis melo

“‘mm XP 011659037.1 probable LRR receptor-like serine/threonine-protein kinase At1g56140 isoform X1 Cucumis sativus
XP 022147911.1 probable LRR receptor-like serine/threonine-protein kinase At1g56140 Momordica charantia
10075 XP 011654458.1 probable LRR receptor-like serine/threonine-protein kinase At1956130 isoform X2 Cucumis sativus

000 XP 0116544571 probable LRR receptor-like serine/threonine-protein kinase At1g56130 isoform X1 Cucumis sativus

XP 022932137.1 probable LRR receptor-like serine/threonine-protein kinase At1g56140 isoform X1 Cucurbita moschata

p— XP 023520603.1 probable LRR receptor-like serine/threonine-protein kinase At1g56140 isoform X2 Cucurbita pepo subsp. pepo
o0 XP 023520604.1 probable LRR receptor-like serine/threonine-protein kinase At1g56130 isoform X3 Cucurbita pepo subsp. pepo
MIW XP 023520602.1 probable LRR receptor-like serine/threonine-protein kinase At1g56140 isoform X1 Cucurbita pepo subsp. pepo

— evm TU.1ig00008110 8 Siraitia grosvenorin. S(C AR 3

TYK09468.1 glutamate receptor 2.7-like Cucumis melo var. makuwa

KAA0059725.1 glutamate receptor 2.7-like Cucumis melo var. makuwa

KAA0059726.1 glutamate receptor 2.7-like isoform X1 Cucumis melo var. makuwa

4100‘@ KAA0035129.1 glutamate receptor 2.7-like isoform X1 Cucumis melo var. makuwa
0.08 XP 0041498942 glutamate receptor 2.7 Cucumis sativus

XP 022988508.1 glutamate receptor 2.8-like Cucurbita maxima

0.09

———— XP 023516207.1 glutamate receptor 2.8-like Cucurbita pepo subsp. pepo
XP 022921756.1 glutamate receptor 2.8-like Cucurbita moschata

KAG7023408.1 Glutamate receptor 2.7 partial Cucurbita argyrosperma subsp. argyrosperma
KAG6589731.1 Glutamate receptor 2.7 partial Cucurbita argyrosperma subsp. sororia

1005 evm.TU.tig00001804.1 Siraitia grosvenorii S C AR 5
5 XP 022134719.1 glutamate receptor 2.9-like Momordica charantia

0.05

Figure 3. Encoded products of genes corresponding to sex-linked molecular markers in monk fruit

3. ZIXRMRA 5 FARIC IS R HYEEE #9484

B PR AR R MR S RO, R TR B A R AP R, AR 2 M OC TAE A TER VR
BN I FERN A, MERERIMR VBT A28, BERE[RIPR andromonoecious (M) 4xHfE#% androecious (A)Fl
4 MERE gynoecious (G)IE 4 5% CmACS-7. CmACS11 A1 CmWIP1 [27][28] [31]. CmWIP1 2wt i) &
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—A C2H2 FHR SR 1, HRIARBOO B KB RN, AT E AL 112 CmWIP1 R I 52 2 W
BANHIES, LA A A AR AR . T HIRORE SO R, CoaWIP1 A28 #7355 L9067 TOPLESS 2.0 K7 5 173
K CRC (CRABS CLAW) )& 8T L4785 1 25 B N3] T CRC 1R IE ; A, B3R TOPLESS-
CmWIP1 FJHEH EAES S CRC HIFRIEFO KK E , BJG X S EUESSIHIE R CmACST RIS, R4
FEMETE R G ([32]0 w7 Rk A 5 P 0 AH O 0 2k DRI 0 v B2 IRV AN R 57 11, DRI SR U w1 JE BRI
AR R ZRME R 5L 8 7R o

FAAE D PUR R IE VR A R 70 5h3ic 12208 RAPD il SCAR #ric, A1 RAPD 5 SCAR #rid
TEMEYIMERE S B PAFEZ ERR: RAPD NEBM AL, TIEXSREMH, BESIEEZ; HESH
72, Gy SEE AN 1Y IR, HAFEILITAS R, nIREVRAISRA: TOKELIMIRIE, SRR,
SCAR #Fric Eod it v B P 3R AR E 1, (BARBIYI G RAPD bric TERAME, 5 RBRPESS I 28k, TR R
A, HBRE: WREHRERNAEL T R BRI Y, BEHVEHEE R TR E A Bk E sz
PR O R ML ) R A i (n 2 FE R B B R 4%8), TR 4 &R AUWIER ;. X DNA Jl R 2k, S 26
AN KR L) -

SR » HE 2 Fhic i) 5. 25 & 7 41 (SSR, Simple Sequence Repeat) Fl 5#.4% 1 iZ % 4514 (SNP, Single Nu-
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