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Establishment and application of aploidy method for
identification of Helianthus tuberosus L. by flow cytometry
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Abstract: [Objective) In order to provide the basic data for Helianthus tuberosus 1.. germplasm identi-
fication and genetic breeding, this study determined the chromosome ploidy by using flow cytometry in this
study. [Method] This study established a testing system based on the flow cytometry (FCM) system,and
the system was optimized by using different voltages (340,365. 3 and 422 V) ,adding PVP or not,and using
different samples (old leaves, young leaves,tuber,and root). Then,we tested 302 H. tuberosus L. germ-
plasm resources were tested by using above the optimized system. [Result] Young leaves with PVP (elimi-
nating the interference of polyphenols and polysaccharides) under 365. 3 V can reveal the had better the

best testing effect. Ploidy testing results of 302 H. tuberosus L. germplasm resources showed that the total
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variation coefficient of variation ranged from 2. 17 to 9. 74, three (accounted for 0.99%) resources were

diploid, 25 (accounted for 8. 28%) resources were tetraploid,and 274 (accounted for 90. 73%) resources

were hexaploid. [Conclusion] The method based on flow cytometry was effective and accurate for testing

the ploidy of H. tuberosus L. germplasm resources.

Key words: Helianthus tuberosus L. ;flow cytometry;ploidy;ploidy testing; germplasm resources
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Fig. 1 Testing effect of ploidy analysis of Helianthus tuberosus L. under different voltage by
using flow cytometer method
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Fig. 2 Testing effect of ploidy analysis of Helianthus tuberosus 1. under different voltages and

PVP by using flow cytometer method
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Fig. 3 Testing effect of ploidy analysis in different tissues of Helianthus tuberosus L.
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Fig. 4 Stability evaluation of the testing system for Helianthus tuberosus L. ploidy by flow cytometry
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Table 1 Test results of ploidy of 302 Helianthus tuberosus l.. germplasm resource

BV 55 R 51k BE U5 G A5 5t R K Y [i3é3

Resource code Ccv Ploidy Resource code (0% Ploidy
JA2054 6.75 2 JA1143 9.53 6
JA2052 6.71 2 JA1146 7.42 6
JA2053 6.43 2 JA1147 4. 87 6
JA1092 3.74 4 JA1148 6.29 6
JA1126 6. 84 4 JA1149 4. 87 6
JA1144 6.96 4 JA1150 4.82 6
JA1145 6.96 4 JA1151 3. 80 6
JA1154 4.43 4 JA1152 9.71 6
JA1155 5. 36 4 JA1153 5.46 6
JA1157 4.91 4 JA1156 6.04 6
JA2035 6.59 4 JA1158 5.46 6
JA2044 6.40 4 JA1159 4.78 6
JA2056 7.78 4 JA1160 7.79 6
JA2058 4.92 4 JA1161 6.09 6
JA2059 8.53 4 JA1162 6.62 6
JA2061 5.46 4 JA1163 6.23 6
JA2067 4. 46 4 JA1164 8.19 6
JA2076 9.38 4 JA1165 7.23 6
JA2077 4.70 4 JA1166 7.85 6
JA3014 8.95 4 JA1167 7.03 6
JA3036 4. 64 4 JA1168 6.74 6
JA4001 9. 60 4 JA1169 6.67 6
TUB 1775 5.03 4 JA2001 5.98 6
TUB 2050 5.21 4 JA2002 5.17 6
TUB 2063 7.42 4 JA2003 8.42 6
TubB 2066 6.65 4 JA2004 7.41 6
TUB 2089 5.38 4 JA2005 8.76 6
TUB 33 6.92 4 JA2006 6.83 6
1892 6. 36 6 JA2007 7.05 6
1904 6.35 6 JA2008 7.14 6
1943 4. 30 6 JA2009 8.08 6
Ames 22745 3.31 6 JA2010 7.21 6
Ames 22746 6. 88 6 JA2011 7.12 6
Ames 26006 8.03 6 JA2012 3.91 6
Bedulds 4.15 6 JA2013 4.32 6
Copper skin Jacks 4. 30 6 JA2014 7.58 6
Fusedu 7.04 6 JA2015 3.69 6
JA1001 3.45 6 JA2016 5.90 6
JA1002 2.74 6 JA2017 6.06 6
JA1003 2.62 6 JA2018 6.16 6
JA1004 2.35 6 JA2019 4. 15 6
JA1005 2.17 6 JA2020 4.50 6
JA1006 2.75 6 JA2021 7.10 6
JA1007 5.35 6 JA2022 5.85 6
JA1008 3.79 6 JA2023 4.43 6
JA1009 3.62 6 JA2024 7.21 6
JA1010 3.74 6 JA2025 4.76 6
JA1011 4.54 6 JA2026 6.94 6
JA1012 2.20 6 JA2027 7.66 6
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F 1(&) Continued table 1
G TR e R ERRE iz
Resource code CcvV Ploidy Resource code Ccv Ploidy
JA1013 3.22 6 JA2028 4.55 6
JA1014 2.57 6 JA2029 4.82 6
JA1015 3.87 6 JA2030 5.83 6
JA1016 2.84 6 JA2031 6.18 6
JA1017 2.35 6 JA2032 5.09 6
JA1018 3.21 6 JA2033 7.19 6
JA1019 2.78 6 JA2034 5.76 6
JA1020 2.97 6 JA2036 6.11 6
JA1021 2. 64 6 JA2037 6.22 6
JA1022 3.51 6 JA2038 5.68 6
JA1023 3.01 6 JA2039 5.24 6
JA1024 2.35 6 JA2040 4.33 6
JA1025 3.02 6 JA2041 4. 65 6
JA1026 4. 20 6 JA2042 4.53 6
JA1027 3.43 6 JA2043 6.36 6
JA1028 3.08 6 JA2046 5.67 6
JA1029 3.13 6 JA2047 6.03 6
JA1030 3.28 6 JA2048 5.85 6
JA1031 3.32 6 JA2049 5.39 6
JA1032 3.47 6 JA2050 5.05 6
JA1033 3.20 6 JA2051 6.22 6
JA1034 3.26 6 JA2055 6.69 6
JA1039 3.04 6 JA2057 5.76 6
JA1040 3.20 6 JA2060 5.83 6
JA1060 5.15 6 JA2062 6.14 6
JA1061 6.40 6 JA2063 8.04 6
JA1062 2.92 6 JA2064 4,84 6
JA1063 3.11 6 JA2065 6.58 6
JA1064 3.98 6 JA2066 6.51 6
JA1065 3.16 6 JA2068 6.94 6
JA1066 5.95 6 JA2069 9. 36 6
JA1067 5.88 6 JA2070 4.91 6
JA1068 5. 60 6 JA2071 6.08 6
JA1069 2.46 6 JA2072 7.35 6
JA1070 3.65 6 JA2074 8. 00 6
JA1071 3.12 6 JA2080 6.55 6
JA1072 3.95 6 JA3001 6.11 6
JA1073 3.31 6 JA3003 6. 90 6
JA1074 5.64 6 JA3013 6.27 6
JA1075 3.91 6 JA3021 7.61 6
JA1076 4.02 6 JA3022 6. 85 6
JA1077 3.81 6 JA3034 7.33 6
JA1078 3.68 6 JA3035 5.13 6
JA1079 4.14 6 JA3052 5. 20 6
JA1080 2.70 6 JA3053 7.87 6
JA1081 3.48 6 JA3055 7.94 6
JA1082 3.69 6 JA3061 9.22 6
JA1083 3.31 6 JA3062 8.95 6
JA1084 3. 64 6 JA3063 5.33 6
JA1085 4. 40 6 JA3065 4.52 6
JA1086 5.88 6 JA3071 5.69 6
JA1087 5.88 6 JA3073 5.37 6
JA1088 3.08 6 JA3082 4.79 6
JA1089 3.34 6 JA3087 4. 86 6
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& 1(&) Continued table 1

PR S AR 5 R 5k B AR RE % 5k
Resource code CcvV Ploidy Resource code Ccv Ploidy
JA1090 2.68 6 JA3088 7.20 6
JA1091 4. 42 6 JA3090 4.88 6
JA1093 3. 65 6 JA4002 6.92 6
JA1094 3.85 6 JA4003 6.76 6
JA1095 3.45 6 JA4004 4. 60 6
JA1096 3.20 6 JA4005 4.61 6
JA1097 3.02 6 JA4006 8.77 6
JA1098 3.03 6 JA4007 8.17 6
JA1099 4. 67 6 JA4008 9.74 6
JA1100 2.66 6 JA4009 4.17 6
JA1101 2.65 6 JA4010 8.03 6
JA1102 3.46 6 LENINORAD 7.10 6
JA1103 2.69 6 NO72196 4.38 6
JA1104 5.22 6 P3 4.88 6
JA1105 3.33 6 LIN 4.63 6
JA1106 3.48 6 TUB1769 4,23 6
JA1108 3.62 6 TUB1774 8.39 6
JA1109 4. 60 6 TUB1776 4. 21 6
JA1111 3.39 6 TUB1777 8.81 6
JA1112 4.52 6 TUB1783 4.78 6
JA1113 4.95 6 TUBL1786 4,58 6
JA1114 4.55 6 TUB1789 7.50 6
JA1115 9. 44 6 TUBL1797 4.09 6
JA1116 4,42 6 TUB1798 6.89 6
JA1117 3.86 6 TUB1799 6. 54 6
JA1118 2.78 6 TUB1800 4.97 6
JA1119 3. 80 6 TUB1877 6. 14 6
JA1120 3.48 6 TUB2024 8.23 6
JA1121 3.39 6 TUB2051 6. 36 6
JA1122 5.32 6 TUB2052 7.40 6
JA1123 2.75 6 TUB2061 7.49 6
JA1124 3.66 6 TUB2062 4. 60 6
JA1125 3. 60 6 TUB2067 4. 90 6
JA1127 4.99 6 TUB2069 4. 89 6
JA1128 6.65 6 TUB2189 4.48 6
JA1129 3.11 6 TUB2278 4. 86 6
JA1130 4.18 6 TUB2282 4.90 6
JA1131 5.28 6 TUB2329 4,90 6
JA1132 7.31 6 TUB49 4.78 6
JA1133 4.76 6 TUB64 5.66 6
JA1134 6.40 6 TUBJOL 6.29 6
JA1136 5.55 6 TUB1765 8. 60 6
JA1137 6. 60 6 W1 3.54 6
JA1138 5.96 6 w2 5.68 6
JA1139 7.46 6 Waldoboro Gold 5.12 6
JA1140 4.37 6 HN 6.50 6
JA1141 5.56 6 USA 7.79 6
JA1142 6. 20 6 QH 3.95 6

s W B FHAS ) 2 - 1 7 200 A A A P A D0 ) S %)

B b Ak BRI F AN 2 RS AT DAL S ST A I A A

Uit A0 M ASCRE % X 20 i B W B E A A B T R R . AR BESER T Cyflow Plody Analyser 4 3
AR/ AN R A A R AR (RNAVEE A A s X 45 T AR PR AR I 7 5 AT DAk . 25 2R A B
PEAT PR AG I I AT 23 JEUCEE o ARTTAT XS AR R A () A A 0 G 00 25 2R 2 Wi 5 vl TR o R T e



533

R R A o T U A M A S A A O vk A S N T 145

75 5 BRI AT, SCRT C REE L S . RS
J2 U 220 L ASCASE W0 — b DL RS L TR R 2%
Farnham 88" Ik B 5 98 % G 0 )5 50 1 )R
K& B EUm A IS 1 B, 3 Fh B 4 58 ik A AR I AN
248 6 B O I Y 8 S CE A IS TR) A A T AT BR

B S TR U 5t R e A HE B R 5 P9 U ) T
Xof G D 235 SR 0% T 1 5T IO R AR D A A ) R L
B 25 A GUE 5 T 25 TR 0T R A 0 2 R 5 e 35
K1 PVP & 24 Je ks e i il o A i 2 2 R A
R A5 2 0 35 4 - B B, nT FAE R 3R RN EORE ) 24
YR e R . A6 AR R R PVP i, v]
A A 45 2 22U T A SR ARG I R 1 5

T AT T B 48 AN TR B AV A Sl 4 A% T G T Ak 2R ]
S AN TRLEB AR it 7 © AR 19 i R B WS i PVP 5]
T A5 BE M B A B4 4 S L U T EROA S A B A ) X A
25 570 3 S, 2 R R 4 2Rl M R
Z WY T E M AR T AN M 2 AR P A e A
/25 DR 28 G Xk ARG DN 45 SR i R ) M A 2 HH 4 i
B AV S 3 SE AR U Y B AR

A T 2 4 A S PR AR A o i e I LR E AL A
RS T PR BB Y B . FR BIE AN 2 — AR F RS
B (R 85000 S AT 2R B A R S B A e T AR 4 L A1
BT AR R I A 5 i BRI X 4 M A8
0 B A 1 PR B AT R S R BTG 4
S AN TR A P F B (E R AT Ak . O X 40 i
G ATT X G 2 T A0 L 2 ARG IR S SR T A A
G0 B S8 5 K B0 T 41 T A 41 AR DA I S T
Rl N T O S i oy s i i T B2 Bu i 8 AUV
AT RE 46 A BRI R) L BIF S AR DA A AE T 40 i

AAIFGE 1 1) H 28 0 38 ST 10 48 2 A v A
W 3k EAT B0, BE 1) H 28 2 R R 4 5 1m H
LA JE T AR H 25 R, SR 4O R BGRB8 I ILiX
HEERBEEY T R SRE AR EERES
JEAE A RS R Y B SRR b R IR R I T
CIEAd

Georgiev &I o G 20 20 4SO I 1) 45 S R
BOrE 90 LAPY  HAG I 25 S L AR T 58 . ARF 5T 302
Y VR A S R B 291 (3 7E 900 LA, B 97 %
P18 T AL ) 5 SR A K o 5 B A ST ) B A
Kok 22 AT 5E . D3O 9 13 38 S B IR A M 1 A8
SRBAE 9N ~10% ., B 2 R0 AR RECR
T4 AR B A AR R B X S T S A
(1 BIF 5 45 SR AN TR] 000 DA Ry 2 2 o % U5 b R BB A

TERAT RS XA 15— R AT
4zt ®

ST T4 A BT B R A M T A i SRS T T
RGN 5 A A« 8 TR A WO B A R R Ak
RSN PVP %W LA B 2 1 M 2208 45 9 BT i) 1
P, K 0 F R B ) 365, 3 V5 123 A I A SR R A
TRPER R . 302 153 4% 2l 0T 9% U5 A% 1 % 1R 22 S5 R AR
TE2.17~9. T4, AR 3 43, A5 9% U5 B 50
0.99% ; PUFEAARIE 25 6y, o5 B I L 8. 28005 7%
fir R 3L 274 o5 BE R B ECAY 90. 73% . IR R
ST A S DR P W AR R S A e
FBE S T BIE LR

[ 5 % 30k

(1] B R INEAH, E o, 45, 43 13 44 25 F o 9% U5 st 1% 22 R M Y
ISSR 4387 LI . PO Ab A AR A £ R 2 2 4R CH AR BH2 M0 5 2015, 43
(9):150-156,177.

Zhao M L,Sun X M, Wang L. H,et al. ISSR based genetic di-
versity of 43 Helianthus tuberosus 1. [ ]]. Journal of Northwest
A&.F University(Nat Sci Ed),2015,43(9):150-156,177.

[2] Breton C,Kiru S D, Bervillée A, et al. Breeding of jerusalem arti-
choke with the desired traits for different for directions of use
retrospective,approaches,and prospects [J]. Agricultural Biol-
0gy,2017,52:940-951,

[3] Seiler G J,Campbell L. G. Genetic variability for mineral con-
centration in the forage of jerusalem artichoke cultivars []J].
Euphytica,2006.150;281-288.

[4] Tiengtam N,Khempaka S,Paengkoum P,et al. Effects of inulin
and jerusalem artichoke ( Helianthus tuberosus) as prebiotic in
gredients in the diet of juvenile nile tilapia ( Oreochromis
niloticus) [ J]. Animal Feed Science and Technology, 2015,
207:120-129.

(5] ST, 3 7 0. B bt i 00 Sk Jm v R i 09 e € 0 % B 43 AT
(I, s Al B4, 2012, 49(6) : 1048-1052.

Guan X L,Dong L X. Karyotype analysis of two plants of the
genus acanthopanax from Xinjiang [ ]J]. Agricultural Science in
Xinjiang,2012,49(6) :1048-1052.

[6] X & RS, Eor g, 55, /N F2 AR Yo (0 1A i R B Al Wk A% 1
Yo (] RHOR RN, 2012,40(25) £ 12349-12350.

Liu Y,Zhao C R,Wang L F,et al. Wheat root-tip chromosome
preparation and plant ploidy identification [J]. Journal of An-
hui Agri,2012,40(25) :12349-12350.

(7] w7, £ 3L, 55 5 AT R O ke 2% i iy 1% 1 2 8

B B4y LI AP BF5E . 2017,37(4) :535-541.
Yang L. H,Zhang J J, Wang Q, et al. Ploidy identification and
karyotype analysis of five itoh hybrid peonies [J]. Bulletin of
Botanical Research,2017,37(4) .535-541.

(8] falbte, FHieg. & . 5. 5 A8 i & Fh 922k A5 M s



146

P A e MR K AR

549 &

9]

[10]

[11]

[12]

[13]

(1. SRR 2241 . 2007,4(5) :696-698.
He Y H, Wang R X, Luo J, et al. Ploidy identification in the
seedlings of 5 wampee cultivars [J]. Journal of Fruit Science,
2007,4(5) :696-698.
FRRCRE AL ERD E n L BT R R ) R R g [T 4R
dbAe 224 ,2003,18(1) . 72-74.
Han Y K,Du S L, Wang M. Study on chromosome preparing
and ploidy in cucumber [ J]. Acta Agriculturae Boreali-Sinica,
2003,18(1) . 72-74.
BEE LR WL IT T . VTR I DU R R % R Ty 1k
F (1], PR Ak R 242440, 2000, 22(3) : 261-262.
Guo Q G,Song M, Yang Y X, et al. Study on the identification
method of tetraploid in watermelon test tube seedling [J].
Journal of Southwest Agricultural University, 2000, 22 (3):
261-262.
AR ST B A KRR DU R AL AR © BA31 4
e R E VAT (1], 2% ,2018,45(10) :1895-1904.
Liang S L,Dang J B, Liang G L,et al. Meiosis observation and
fertility analysis in natural tetraploid loquat of ‘B431” [J].
Acta Horticulturae Sinica,2018,45(10):1895-1904.
O HE BB A =K A SOR: T vE A A ) A A
DNA 4k pyJrik (1] M Rhe£2441 . 2015, 33(1) : 126-131.
Wang Y,Xiao Y,Liu W,et al. Operation skills of flow cytom-
eter for detecting nuclear DNA contents in higher plant cells
[J]. Plant Science Journal,2015,33(1):126-131.
BOBAE B.E JF A R IE AR A E 169 £y
AR B UR A e O AT P [T R AR 201835 (6):
668-684.
Lii S,Ren Y, Wang F,et al. Ploidy identification of 169 Musa
germplasms by flow cytometry [J]. Journal of Fruit Science,

2018,35(6) :668-684.

[14]

[15]

[16]

[17]

[18]

[19]

[20]

HEE WL 50 bl % A5 T U 2 A0 i A0 s B B e
Be Atk [T, b [E2RA,2018(3) - 29-32.

Tian L M,Qi D,Cao Y F,et al. Identification of chromosome
ploidy in pear germplasm by flow cytometry [ J]. China Fruit,
2018(3):29-32.

Dolezel J, Greilhuber J, Suda J. Estimation of nuclear DNA
content in plants using flow cytometry [ J]. Nature Protocols,
2007,2(9) :2223-2244.

Farnham F W, Caniglia E J, Thomas C E. Efficient ploidy de-
termination of anther-derived broccoli [J]. Hortscience, 1998,
32(20):323-327.

Castro S, Loureiro J, Rodriguez E. Evaluation of polysomaty
and estimation size in Polygala vayredae and Plcalcarea u-
sing flow cytometry [J]. Plant Science, 2007,172(6);1131-
1137.

O, o B A U A ARy DL IR T i T oR
(17, BARAL RS . 2012,18(1) ; 64-65.

Wang H,Gao Y. Common problems in the application of {flow
cytometry and countermeasures [ J]. Modern Instrument,
2012,18(1) :64-65.

Georgiev V,Weber J,Bley T,et al. Impoved procedure for nu-
cleas estraction for DNA measurements by flow cytometry of
red beet(Beta vulgaris L. )hairy roots [ J]. Journal of Biosci-
ence and Bioengineering,1994,107(4) :439-441.

I 5, EBSC, E/ L i 2 4 A AP ARG IS 2 5 2 4 R
S H e G AR P RO BFIE (1. SRR ,2012,29(3) , 403-410.
Liu Q M, Wang Y W, Wang X S. Detection of chromosome
ploidy level in Dactylis glomerate and Lolium multi florum
by flow cytometry [ ]J]. Pratacultural Science, 2012, 29 (3):
403-410.



