PG VEY 4R 2023, 44(11): 2265-2272
Chinese Journal of Tropical Crops

ARG AREENERAXR/NTENEILI RN A

o 1,34 — 134 ) 134 2 . 1,3,4 — 1,34
fE R, WA T, BT, B &N, %, FUlR T, fegaE T,
\ 1,4%
SRS

1. FEMGE RV BF RO IT, R T 571533; 2. mRRKREIHEYEE, “rEH  665000; 3. 1R
44 Sim Soonliang B+ TAEM: , R TT  571533; 4. RARFFREEYCRMEY g% A H S SS90, R T T 571533

W OE: TR BRI R A /N R A AR E Tk, ARFRETRE T 6 Fh AN SR ORI 3 RPN RIEBAL I A,
VL O IR A N IO AR, 32 B A0 AR XS AR R SE RN A R /NEAT T O o 255380 . ot R 40 A 4R TN
VROFR B — M S22 G 5H AU U 4 MR (Y 2 U AN HURE R AL 5 AR EE AR A . Aman 1 EMAS SARURN BRI 4H /N h
667.94~719.32 Mb, Ti#G| 1 5. HEHZE/NHF . BERAIK 1 5 73F5 MILFE A K /NN 759.69~785.38 Mb, [H AN [H]
S B o o 22 ) 5 PR 4 /N AE 22 55 HES L PR 2H K T 900 Mb 11493 AR AR L35 1) e (0 A S 808 122 R T 52 Bl 13 (%
B, FEFEHK/NE 600~800 Mb T8 [ A F 5T G LR BT RE 2 52 4% 23S AR (HBLAT S5 38 55 80 BRURN 216 5 BRURE 3 A 3R
i 5 S S N O R i o S 25 S s A2 s [ N 1 P o I = = S L B B TS ol [ AN
T3 W] A AU BE VR SE R 2 R/ N e B2 BT, 0 S AU i BB UR PP B R 2% 38 SR SR AR B R JE Al

K HHUE; WA AR IRIOR; EEEH KN

FES%ES: S573.9 XEkFRIAAD: A

Establishment and Application of a Method for Genome Size Estimation
of Piper L. Using Flow Cytometry

WU Baoduo'***, HU Lisong'**, FENG Jianxiong®, FAN Rui'***, GUO Fen?, JI Xunzhi'***, HAO Chaoyun'?*,
YAN Lin"*

1. Spice and Beverage Research Institute, Chinese Academy of Tropical Agricultural Sciences, Wanning, Hainan 571533, China;
2. College of Tropical Crop Science, Yunnan Agricultural University, Pu’er, Yunnan 665000, China; 3. Hainan Sim Soonliang Aca-
demician Workstation, Wanning, Hainan 571533, China; 4. Key Laboratory of Genetic Resources Utilization of Spiced Beverage
Crops, Ministry of Agriculture and Rural Affairs, Wanning, Hainan 571533, China

Abstract: Six nuclear extracts and three leaves of different development stage were screened to establish the flow cy-
tometry (FCM) method for determining the genomic size of Piper L. and Cucumis sativus L. was used as the DNA ref-
erence standard. Result showed that the modified nuclear extract and inverted leaf were suitable for the flow cytometry
of Piper L. The genome size of cultivated varieties, including Kuching, Aman and EMAS, ranged from 667.94 to 719.32
Mb, and Reyinl, microphylla variety from Cambodia, Panniyur-1 and 73F5 ranged from 759.69 to 785.38 Mb. There-
fore, the genome size was significantly different among cultivated varieties. Furthermore, it is speculated that the
chromosome numbers of P. wallichii and P. hancei, with genome size larger than 900 Mb, should be larger than 52 with
a multiple of 13, and the number of chromosomes of germplasm, with genome size ranged from 600 to 800 Mb, may be
52. The hybrid not only had similar phenotypes to cultivated varieties and P. flaviflorum, but also had an average ge-
nome size of cultivated varieties and P. flaviflorum. Therefore, it is speculated that the hybrid may be the hybrid off-
spring of cultivated varieties and P. flaviflorum. This study would provide a method for the determination of the genome
size of Piper L. germplasm, and provide a technical basis for the study of Piper L. germplasm evaluation and distant
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Tab. 1 Test materials

BHRA R it iy MHEE
Materials name G Origin place Plant morphol-
€nus name gmp ogy
G| 1 S P nigrumcv. Reyinl  FF[E R A IFEEA
WAL P. flaviflorum HE S AT A%
BYGEHIM P auritum VU JERYAT N
R P. methysticum RE HALHEAR
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Tab. 2 Nuclear buffer and its components

214y Component

Otto I : 100 mmol/L citric acid, 0.5% Tween 20, 20 mmol/L B-mercaptoethanol, pH 2.3
Otto 1II : 400 mmol/L Na,HPO4-12H,0, 20 mmol/L B-mercaptoethanol, pH 8.9
200 mmo/L Tris, 4 mmol/L MgCl,, 0.5% (V/V) Tritonx-100 pH 7.5
15 mmol/L Tris, 2 mmol/L Na,EDTA, 0.5 mmol/L spermine-4HCIl, 80 mmol/L KCIl, 20 mmol/L NaCl, 15 mmol/L
B-mercaptoethanol, 0.1% (V/V) Triton X-100, pH 7.5
200 mmol/L Tris-HCl, 4 mmol/L MgCl,.6H,0, 2 mmol/L Na,EDTA, 86 mmol/L NaCl, 10 mmol/L Na,0sS,, 1%
PVP-10, 1%(V/V) Triton X-100, pH 7.0
1.0% (V/V) Tritonx-100, 140 mmol/L PVP, 50 mmol/L Tris-HCI (pH 7.0), 50 mmol/L NaHSO;, pH 7.5
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Flow cytometry results analyzed by six nuclear extract buffer for four Piper L. germplasm
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Fig. 2 Flow cytometry result of four Piper L. germplasm different sites of leaf samples screened with modified buffer
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Tab. 3 Relative nuclear DNA content in different Piper L. germplasm
b5 4 Bk Fli 4 LR & Fluorescence intensity FAE P 2 F
Germplasm name Species name HAHL Piper # I C. sativus Ratio Genome size/Mb
#El 15 Piper nigrum 6596.0 3184 2.07 759.69
TR ZE /N o Piper nigrum 7048.2 3407 2.07 759.69
YRR 15 Piper nigrum 6771.6 3219 2.10 770.70
G Piper nigrum 6747.0 3491 1.93 708.31
Aman Piper nigrum 6081.2 3348 1.82 667.94
EMAS Piper nigrum 6943.4 3548 1.96 719.32
73F5 Piper nigrum 6688.0 3124 2.14 785.38
ez Fh A 5166.4 3124 1.65 605.55
Ty Piper hainanense 5772.0 3592 1.62 594.54
Euy Piper betle 7479.0 3539 2.11 774.37
ek Piper samentosum 5569.2 3716 1.50 550.50
U] Piper laetispicum 5111.0 3472 1.47 539.49
1 e Piper wallichii 9847.0 3116 3.16 1159.72
CEEL Piper bonii 5852.8 3316 1.77 649.59
IR UEE U EH L Piper jianfenglingense 5235.8 3371 1.55 568.85
BEHE Piper longum 6766.8 3316 2.04 748.68
HAL R Piper flaviflorum 4140.6 3219 1.29 473.43
R LR Piper methysticum 8026.0 3184 2.52 924.84
25 VYRR Piper auritum 4208.0 3124 1.35 495.45
B3y Piper senporeiense 5225.8 3539 1.48 543.16
el oy Piper cathayanum 6378.4 3361 1.90 679.30
g} Piper hancei 9254.6 3510 2.64 968.88
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4, LBO1 4R&HURACRIKZ o ek B4 Ol i
LBO1 2K AL TT A, —#H LA WMn A
Tritonx-100, CI #1 Tris, R $EHORERA R
J& NaHSO;, i LBOI $i BV 5 A 1Y A% 4 J2
spermine-4HCl, 43455 7b 3 B &I 7 $2 O/ &
P, Tritonx-100. C1 Al Tris X 3 Fl sl 44 Tris 1
WPB & U b o [/ i 77 7 o B W] NaHSO; Al
spermine-4HC1 7] fg1E H F1E b i 45U A 97 9t =X
AR M ARSI A PR G BC DT, JEHUE NaHSO; Wik
G, 4ER, AR S HA R EAE A AR 4
R FEAE R o AT HNE T e R O 7R A A

JEAH R, T RS AR G B — 2
REIE



55114

T 255 i e Al 000t TR A 5 PR 2 DR /N 5 126 W) 8 S B vz 2271

O3 BT AN [ o 5 £ D A I 235 2R & B, S [m]
JE R A5 5 W M B R 2 AR, e A
1 S HIHUAE 2 FRERIBGR Hh BEAS I H 78 B (5 50, 3
b $ IO REASE I A1) 15 5 06 N B 5 MR 57 0 0
T 6 B SR 7 BC RL  BOR P RE A e A S
g, HABAYEIAREE; 1SRV RFAMUE 4 FRHRBOR
T RERIN SRR T, Ak 2 RIS S IEAN
Al 55 R 043 B U BH M) P O 2 0 o A A D 5
J& IR TR FR g U et LG RS e, X AT BB S5 R[]
e i 3 ok AR AR T AN ) 5 5

A 5T 2 F R B PR B 745 o . Aman
Ml EMAS ] HUER 2 Dok V5 W & i A, JHop
EMAS #A#E i Balancotta ( EEE A ) FIdy H 4
I WAL B WK, Aman S B BT 5 2200
51 Fh 5 Fh CATIE Rowl-1 (oM Rk & i 2,
ZR L, 1% . Aman I EMAS BT SE R
HAR/N3 K 708.31, 667.94, 719.32 Mb; #5]
1 502 1 DB PG 0.5 | ol %) 5 o R A9 1 TG 1 R
AR WEF A, FRAR | S RMNEELIHER
snAP, 73F5 2G| 1 S ABEEAR 1 SR
R, DRAHZE /N b USRI 28 5 | 1E (%) /DN b ] A
mF, ARG BRI/ R SRR 1S
I 73F5 WEEEA RN RN 75969, 759.69.
770.70. 785.38 Mb., Zg LA U, AHH5E rhil e iy 7
Dy AR IE R A L R R/ M AE 22 5 . JOSE ZE1
BB FPEEZ /R 1 5. Cheriakaniakadan Fil
Karimunda 9 S 94 IR K 730510 67.04. 51.48,
56.66 pum, A AN ] 3 355 A 2 Ta] 5 DAL 246 O/l 23
fEE2e5t . AR, SRIET DR TE 0 & Fh 5
KR TEDRE VI . EPEE | DR 28 1Y i b 2 R 4
KB EA 2R

JOSE ZEM A Shy ) B W R 11 e fn PR RE 2
n=13 ( P.cubeba Br#l ), WL, FREFHAM. 2
I BEBE AR FLEIAUT) e (LR %053 31K 2n= 4x=52
2n=2x=52 . 2n=2x=52 il 2n=10x=130"* >3] A fiff
FEI A2 R FUHARIE I 41 K/ F 900 Mb, BB K
TR 40 3 R ARl 52 BRI, AN, A
L3 Y 3 R ZH KT 900 Mb, 49641 il 1 45 16 4
U A e R Ly g 1 et AR SR KRN i KT 52 H
N 13 BRI T AR AR (R
BRI 52, FER 0 K/ 667.94~785.38 Mb,
SAMUEL %P2 s hfiiae, 3 yeiksion 52
(R (P. nigrum, P. ornatum A1 P. porphyro-
phyllum) Jeta A K &N 52.32~72.18 um, Hr P,

nigrum (19 4% AR B e 1, HE W IR R 4 R /NTE
600~800 Mb i [l P 119 o i e (o (AR B30 m] B 52
5o ARSI — D ARAFP, WNFER ML LORE,
TR ELAT 5 AR 5 W MURD 3 A6 S AU () R R, AR
WFoE RN, HBELPR A KN JLF- 45 1 3 1 i U 28
TERARUR 3508, DRI 300 2 50 ol T 8 S ok 5
FBUR B AL B ALY 22 38 JE R

£ % Tk

[1] GREILHUBER J, DOLEZEL J, LYSAK M A, BENNETT
M D. The origin, evolution and proposed stabilization of
the term ‘genome size’ and ‘C-value’ to describe nuclear
DNA content[J]. Annals of Bontany, 2005, 95(1): 255-260.

2] =, HHR, AEH, xIde. w0 ARIEmY

WFFE P (4 L - A A ) 4% DNA & s S K1),
[E R 2258417, 2011, 27(9): 21-27.
GONG N, TIAN X M, ZHOU X Y, LIU J Q. Applications
of flow cytometry in plant research-analysis of nuclear DNA
content and ploidy level in plant cells[J]. Chinese Agricul-
tural Science Bulletin, 2011, 27(9): 21-27. (in Chinese)

[3] R, BCRFHE. IR 0 AR A o A A AT 5T o i
D] B A )2 412, 2006, 14(4): 354-358.

JIAO X W, ZHAO S J. Applications of flow cytometry in
higher plant research[J]. Journal of Tropical and Subtropi-
cal Botany, 2006, 14(4): 354-358. (in Chinese)

[4] HEREBAEEEYE. ST E SRR
2H R/INRIIN E 7% ZL201410250566.X[P]. 2014-06-06.
South China Botanical Garden, Chinese Academy of Sci-
ences. A method for determining genome size of Gesneri-
aceae plants: Z1.201410250566.X[P]. 2014-06-06. (in Chi-
nese)

[5]1 #pfese, RALde, F4, BIRYY, £RT, H&E. AH
R 2R 0 B B L AR I R R N [T]. SRR AT,
2015, 32: 567-571.
YANGZY,WUCL,FENGF,LYUQF, WANGIJN, YE
C H. Determination and analysis of ploidy and genome size
of different jackfruit lines[J]. Journal of Fruit Science,
2015, 32: 567-571. (in Chinese)

61 Mg, FL74n, B3, WERE, MmN, FsE, B

FET I U A BRI SR IR A C{EIE (D). PRk
SA3E R, 2013, 29: 96-101.
LIU J, KONG G H, NI S B, HE X Y, TAO L, TAO L,
GONG L D. Estimation of genomic C value of Macadamia
integrifolia spp. by flow cytometry[J]. Chinese Agricultural
Science Bulletin, 2013, 29: 96-101. (in Chinese)

[71 FRODIN D G. History and concepts of big plant genera[J].
Taxon, 2004, 53: 753-776.



2272

8 %44

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

KHARE C P. Indian medicinal plantsfM]. New Delhi:
Springer New York, 2007: 492-493.
HAOCY,XIAZQ,FANR, TANLH, HUL S, WU B D,
WU H S. De novo transcriptome sequencing of black pep-
per (Piper nigrum L.) and an analysis of genes involved in
phenylpropanoid metabolism in response to Phytophthora
capsici[J]. BMC Genomics, 2016, 17(1): 822.

L2k, BF, S, g, Mz, R
BT A BRAE Al B B S M RS R (] PR 23R,
2018, 39(8): 1519-1525.

WUBD, FANR,HUL S, YANGJF, HAO C Y. Effect of
cold stress on the leaf physiological, biochemical variation
and anatomical structure in Piper L.[J]. Chinese Journal of
Tropical Crops, 2018, 39(8): 1519-1525. (in Chinese)
RAVINDRAN P N. Black pepper[M]. Amsterdam: Har-
wood Academic Publishers, 2000: 1.

XUHET, BRAEHA, P, [E AN E BT R PPIR (0],
[ Hti el 2009(1): 49-52.

LIUJ P, WU H S, YANG J F. Review of domestic and
foreign black pepper varieties[J]. China Tropical Agricul-
ture, 2009(1): 49-52. (in Chinese)

SAMUEL M R A, BAVAPPA K V A. Chromosome num-
bers in the genus Piper[J]. Current Science, 1981, 50(4):
197-198.

JOSE J, SHARMA K. Structure and behavior of chromo-
somes in Piper and Peperomia (Family Piperaceae)[J].
Cytologia, 1985, 50: 301-310.

ARUMUGANATHAN K, EARLE E D. Nuclear DNA
content of some important plant species[J]. Plant Molecular
Biology Reporter, 1991, 9(3): 208-218.

JAAH, BT, EMEH, FR, R g AR
4 PP IGD M DNA Jrik B B [J]. HoR ol RAF 24k,
2012, 47(4): 155-160.

ZHOU X Y, ZHANG N, WANG W T, WANG C L, WU B.
Comparison of different nuclear isolation buffers for spe-
cies of Hippophae DNA flow cytometry[J]. Journal of
Gansu Agriculture University, 2012, 47(4): 155-160. (in

[17]

(18]

[19]

[20]

[21]

(22]

(23]

Chinese)

rh E R B B BRI . — i B SR A ) ik R
ZH AR/ F7 1 CN201710644954.X[P]. 2017-08-01.
Kunming Institute of Botany, Chinese Academy of Sci-
ences. A method for determining the genome size of Nym-
phaeaceae: CN201710644954.X[P]. 2017-08-01.

rh [ R Al LA B B BMIORHIT ST BT A A% SR I 2
TS RUR A3 PR/ NI A2 T 220191081531
3.5[P]. 2019-08-30.

Spice and Beverage Research Institute, Chinese Academy
of Tropical Agricultural Sciences. Nuclear extraction
buffer and a method of determining genome size of Piper
L.: ZL201910815313.5[P]. 2019-08-30. (in Chinese)
HULS, XUZP, WANGM J, FANR, YUAN D J, WU B
D, WU S H, QIN X W, YAN L, TAN L H, SIM S, LI W,
SASKI C A, DANIELL H, WENDEL J F, LINDSEY K,
ZHANG X L, HAO C Y, JIN S X. The chromosome-scale
reference genome of black pepper provides insight into
piperine biosynthesis[J]. Nature Communications, 2019, 10:
4702.

RACE, AR, RESE, B, WEE, EPUE. W
BUR 5 9RO Bi A6 RE 0 1Y LE B 0], & Tl R4
2013, 34(20): 130-134.

ZHANG S P, GUF L, WU G P, FANG Y M, HE S Z,
WANG Q H. Comparative analysis of antioxidant activity
between the fruits and leaves of Piper nigrum L.[J]. Sci-
ence and Technology of Food Industry, 2013, 34(20):
130-134. (in Chinese)

LAI K F, SIM S L. Pepper production technology in Ma-
laysia[M]. Kuching: Malaysia Pepper Board, 2011: 62-64.
SAMUEL R, MORAWETZ W. Chromosomal evolution
within Piperaceae[J]. Plant Systematics and Evolution,
1989, 166: 105-117.

LEBOT V, ARADHYA M K, MANSHARDT R M. Geo-
graphic survey of genetic variation in Kava (Piper methys-
ticum Forst. f. and P. wichmannii C. DC.)[J]. Pacific Sci-
ence, 1991, 45(2): 169-185.





