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Identification of Triploid Tea Plant Resources and Ploidy Differences
in Bud and Leaf Traits
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Abstract: Tea plants (Camellia sinensis) is an essential economic crop in China with significant genetic diversity.
Polyploidization, a key driver in species evolution, plays a crucial role in enhancing the economic traits of tea plants,
providing new avenues for breeding improved varieties. This study aims to explore the ploidy differences between
diploid and triploid tea plants by investigating the morphological, physiological, biochemical and metabolic traits.
Utilizing flow cytometry, we identified the chromosome ploidy of 165 tea germplasm resources and discovered 11
new triploid tea plant varieties. The 11 triploid varieties, along with 12 diploid varieties, underwent a comparative
study focusing on bud, leaf and anatomical characteristics. The results revealed significant differences between dip-
loid and triploid tea plants in several traits, including phenological period, bud weight, leaf area, stomatal size and
stomatal density. Triploid tea plants generally exhibited later budding, significantly higher bud weight, larger leaf
areas, and larger stomatal dimensions, but lower stomatal density compared to diploid varieties. As the buds and
leaves are vital for tea quality, the morphological and physiological differences can influence tea production and its
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overall quality. Furthermore, metabolomic analysis using UPLC-MS/MS technology was conducted on the triploid
variety Xilianno. 1 and its maternal diploid Fuding Dabai (CK). A total of 1203 differential metabolites were detected,
with 170 showing significant variation, of which 81 were upregulated and 89 were down regulated. The most abun-
dant metabolites were flavonoids, followed by amino acids and their derivatives. The triploid variety displayed en-
hanced levels of metabolites associated with improved antioxidant activity and other health-related properties. The
study would provide novel insights into the morphological, physiological and metabolic differences between diploid
and triploid tea plants, offering valuable references for genetic assessment and breeding strategies. The findings also
emphasize the significance of polyploidy in improving tea plant resilience, yield and quality, which is critical for the

sustainable development of the tea industry.
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Fig. 1 Flow cytometry histograms of tea plants with different ploidies
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Tab. 1 Polyploidy determination and analysis of 165 tested tea plant resources

sn smpg  JOURIE DNAMIA R ‘j‘fjffy% g saa ORI DA xR A
No.  Tested varicty Fh‘lorescience Relative content determina-| No. Tested variety cence in- Relative content P101.dy QCter-
intensity of DNA/% tion tensity of DNA/% mination
1 PEE1S 313.25 156.77 3n 27 HKIT 209.15 104.67 2n
2 LA 305.30 152.79 3n 28 =K 72-04 208.97 104.58 2n
3 H77-08 304.75 152.51 3n 29 =K 72-04 208.97 104.58 2n
4 BORIEREZE 303.20 151.74 3n 30 KiEHZ 208.89 104.54 2n
5 EHE 301.78 151.03 3n 31 k4 208.36 104.27 2n
6 Bk 299.25 149.76 3n 32 RE6%5 208.22 104.20 2n
AEEY 294.88 147.57 3n 33 Mg R 208.20 104.19 2n
8  HiRit 2% 294.50 147.38 3n 34  HI-05 208.15 104.17 2n
9 MUK 292.29 146.28 3n 35 fEi 1= 208.13 104.16 2n
10 [ KAl 292.11 146.19 3n 36 #BH 72-00 208.09 104.14 2n
11 A3} 78-01 291.92 146.09 3n 37 KAl 207.73 103.96 2n
12 3| 73-01 290.74 145.50 3n 38 Ak 207.27 103.73 2n
13 H 79-01 288.25 144.25 3n 39 WIHAE 25 206.77 103.48 2n
14 % 20 277.41 138.83 3n 40 oI 43 %5 206.47 103.33 2n
15 WWHE3 S 262.75 131.49 3n 41 % 205.75 102.97 2n
16 =wEREt 224.52 112.36 2n 42 WK 23-1 205.33 102.76 2n
17 1 79-02 223.83 112.02 2n 43 KK 72-05 204.31 102.25 2n
18 #ii2%5 217.37 108.78 2n 44 P 172 204.21 102.20 2n
19 nt e 217.23 108.71 2n 45 =K 79-02 203.78 101.98 2n
20 CHAERA 216.12 108.16 2n 46 KAl 72-03 203.68 101.93 2n
21 MM 25 212.40 106.30 2n 47 WX 6T 203.58 101.88 2n
22 IR 19-1 211.67 105.93 2n 48 WVPREARR 203.43 101.81 2n
23 MR 209.79 104.99 2n 49 Kk 203.35 101.77 2n
24 Wik 255 209.53 104.86 2n 50 AR 203.24 101.71 2n
25 HM 25 209.51 104.85 2n 51 KRwik 125 202.68 101.43 2n
26 61-z=Kk-01 209.16 104.67 2n 52 HERET 202.45 101.32 2n
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Tab. 1 Polyploidy determination and analysis of 165 tested tea plant resources (continued)

wn swmp  JOURE DNA IR ‘j‘mﬁoﬁf s swan ORI DA g frbEAE
No. Tested variety Fllilorescience Relative content determina- | No. Tested variety cence in- Relative content lefly Qeter-
intensity of DNA/% tion tensity of DNA/% mination
53 Ea 202.12 101.15 2n 92 ZEEMEEZE  190.60 95.39 2n
54 25 201.62 100.90 2n 93 61-F:-01 190.55 95.36 2n
55 KARm 95 201.32 100.75 2n 94 w115 189.40 94.79 2n
56 AEE 200.77 100.48 2n 95 B 189.06 94.62 2n
57 81-410 200.63 100.41 2n 96  56-04 188.92 94.55 2n
58 HJ-01 200.30 100.24 2n 97 WHK4TH 188.78 94.48 2n
59 MRAREE 199.82 100.00 2n 98 W% 17 187.00 93.58 2n
60 I 199.66 99.92 2n 99 WH3IE 186.82 93.49 2n
61 X155 199.53 99.85 2n 100 #5245 14-2 186.43 93.30 2n
62 R BHEE 198.98 99.58 2n 101 &3 20 185.78 92.97 2n
63 KB 4% 198.88 99.53 2n 102 M2 185.63 92.90 2n
64 R 198.67 99.42 2n 103 RRnf 185.63 92.90 2n
65 WK2%5 198.02 99.10 2n 104 H 77-06 185.50 92.83 2n
66 K 3-0 197.33 98.75 2n 105 k4 43 184.73 92.45 2n
67 KM 35 197.08 98.63 2n 106 A0t 5% 184.22 92.19 2n
68 #Hill—%5 196.76 98.47 2n 107 HE K 183.98 92.07 2n
69 HLAEEM- KAl 196.47 98.32 2n 108 H 77-14 183.92 92.04 2n
70 EIEAT] 196.41 98.29 2n 109 =/E 183.56 91.86 2n
71 WpkE 196.39 98.28 2n 110 FEE 183.39 91.78 2n
72 1l 79-03 196.30 98.24 2n 111 125 20-1 183.28 91.72 2n
73 HER 195.87 98.02 2n 112 #rU 4 183.08 91.62 2n
74 A 13-1 195.22 97.70 2n 113 KAl 79-01 182.84 91.50 2n
75 FHOK 195.10 97.64 2n 114 ‘B Fl 182.61 91.39 2n
76 HE15 194.72 97.45 2n 115 JBES 182.20 91.18 2n
77 KKk 194.11 97.14 2n 116 #Fz 10 182.18 91.17 2n
78 EA 15 193.81 96.99 2n 117 RETFK 181.97 91.07 2n
79 A#H 125 193.53 96.85 2n 118 KM 181.75 90.96 2n
80 I 1% 193.49 96.83 2n 119 HIfiH 181.14 90.65 2n
81 FHNK3H 193.44 96.81 2n 120 VAT il 180.99 90.58 2n
82 fgAr2 193.37 96.77 2n 121 KEM3F 95 180.94 90.55 2n
83 4Em 136 193.26 96.72 2n 122 Hiw 25 07 180.05 90.11 2n
84 Rk 225 193.24 96.71 2n 123 %% 16-2 179.71 89.94 2n
85 KIEHE 193.23 96.70 2n 124 K—Ji 179.09 89.63 2n
86 H 75-03 193.12 96.65 2n 125 B4ifE 419 178.72 89.44 2n
87  MEAIE 192.82 96.50 2n 126 4% 09-1 178.63 89.40 2n
88  4KIAIZE 192.45 96.31 2n 127 BB 178.09 89.13 2n
89 Fdi 192.41 96.29 2n 128 ZRiH 177.42 88.79 2n
90 VIRHTE 4% 192.05 96.11 2n 129 5Jpik 177.22 88.69 2n
91 /2% 191.51 95.84 2n 130 R 135 177.16 88.66 2n
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Tab. 1 Polyploidy determination and analysis of 165 tested tea plant resources (continued)
sn smpq  OURIE DNAMINAE ﬁﬁﬂ? s swan ORI DA g frbEAE
No. Tested variety Fll:lOI'eSCAeIlCC Relative content determina- | No. Tested variety cence in- Relative content lefly Qeter-
intensity of DNA/% tion tensity of DNA/% mination

131 WhEE1S 177.13 88.64 2n 149 45 14-1 164.81 82.48 2n
132 =410 %5 176.95 88.55 2n 150 £rntas 164.75 82.45 2n
133 JBKAL 176.25 88.20 2n 151 e 164.27 82.21 2n
134 KREAS 174.25 87.20 2n 152 S5 161.83 80.99 2n
135 #EAR25 173.71 86.93 2n 153 1@k 60 %5 161.52 80.83 2n
136 5.16 171.49 85.82 2n 154 /M) 160.21 80.18 2n
137 M+ 170.13 85.14 2n 155 Fril i 159.58 79.86 2n
138 Il 15 168.59 84.37 2n 156 g k4% 159.36 79.75 2n
139 Kbt = 168.53 84.34 2n 157 %45 90 159.16 79.65 2n
140 st 167.80 83.98 2n 158 2% 158.23 79.19 2n
141 e 7% 167.32 83.74 2n 159 <RIBS 151.69 75.91 2n
142 $E A 8 166.82 83.49 2n 160 Ktz 150.37 75.25 2n
143 HJ-03 166.71 83.43 2n 161 Mok - BF 2% 148.80 74.47 2n
144 Hit% 2% 166.07 83.11 2n 162y KR 147.33 73.73 2n
145 f@K—J7 165.98 83.06 2n 163 AIIELA 143.32 71.72 2n
146 45 08-1 165.03 82.59 2n 164 AT 5 138.46 69.29 2n
147 Mgk 164.95 82.55 2n 165 HEL1S 136.77 68.45 2n
148 R 164.83 82.49 2n

T n R DR AT R G R

Note: n represents the number of haploid chromosomes of a species.

313.25, MM 294.16, FrifEE R 12.23, EHHK
4 4.16%, DNA FHX & 58 131.49%~156.77%; 150
BRI AR, DO R 136.77~224.52,
IE R 188.07, AnifEZEN 17.90, 28 R385 9.52%,
DNA FX} 55N 68.45%~112.36%.
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S
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XPER, R IO X 5,

mE 2 frRs, ABEGE I EE R — A5 AR A%k
AW GIRTEYE . —2F i EZEE . i
I MBS S WPERR FAATER E S, H
T, SARRASI B IR S A R, WA 3.00+
0.00, “AEARAH BRI & A RARM . R
FHGE Al , B A 1.83+0.83, 3 = [a] 4ok
W22 IR BN B E K AR —ZF A

K (29.69+6.23)g , B = F A% K (21.66+
8.87)g, & ZIMM 2 LB B KT =A% RR
AR K (29.5948.18)em? , A K S (23.12+
6.37)em’, T 212 RIAF B EKF; A
REHIE N 3.00£0.77, 45K N 3.75+0.75, %
ZIA B 22 Sk B W E K, AR IR AT 3 R
1.64+0.50, %K Ky 1.17£0.39, —F Z Y% H
IR E B E K
2.3 AEMEEZHMRETIRN R BREHSHR
REIRIT LRI, AR5 =R SR
VR Z [H) 1 25 5 R BAE P AR ZE MR . IR A%
RS = ARRI T e Z [ 22 5%, BEER 23 (5 A5 H
PRIR AT A A 25 5 S ALHAR T (K3 ),
MR b BRI AP S e 25 0, M 165 1 5
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Tab. 2  Agricultural traits of triploid and diploid tea plants

s ; .
) . Mt MR SRR IH-2 It
5l RS -, I g 5 HAGLE SR SR 2 %% Jrﬂﬂﬂ]‘ﬁ
Ploidy Leafi Leaf color Leaf surface Leaf shape Leaf texture Leaf tooth Leaf tooth  Leaf tooth Leaf apex Leaf mar- - Leaf vein
cal mser- sharpness  density depth gin pairs

tion status

“AEAE 1.18+0.40 3.00+£0.77 2.09+0.94 1.45+0.69 2.18+0.75 1.73£0.79 2.36+0.50 1.82+0.87 2.45£0.52 1.64+0.81 9.36+1.12

AR 1.58+£0.51 3.08£0.29 1.58+£0.67 1.71+£0.54 1.92+0.79 1.83+0.72 2.67+0.65 1.67+0.89 2.29+0.92 1.88+0.8 9.67+1.83

* * %* *
4r 40 40 5rF ’—\ 25r
Hkkk T
3 o0 L 20
23t w5 830t 1 w 30 4 T
2 %58 g o l | g
iy =2 K3 230 215}
B3 Imy'o | 8 O] 5
K21 =522 EE20r e g
8 1% 8 Ty g2t S10f
2 | Re® | =] =
81 | &b 10 10 1k 05 L
A S8
= .8
0 0 0 0 0
=Mk Ak 7 S 37 S =k Ak =k A&k 7 NS
£ Ploidy £ Ploidy 1% Ploidy f&%H: Ploidy £ Ploidy
*REFLFE (P<0.05) ; *RHEFMEFE (P<0.001) .
* indicates significant difference (P<0.05); *** indicates extremely significant difference (P<0.001).
B2 =ZEFEMEEEHE S IIRSHERILER
Fig. 2 Comparative agricultural traits of triploid and diploid tea plants
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Tab. 3 Analysis of leaf anatomical structure and stomatal traits in 23 tea germplasm resources
i FK Variety name %M Ploidy 7= Hl1 Origin fm 44 FK Variety name 15 Ploidy 77} Origin
B EEK15 2n Wirg g 7K Al 3n Liayes
AR 2n Wrg PO 15 3n Wirg
FEPN 2n Wi H 77-08 3n R
(CEIPNSFS 2n it H 79-01 3n ]
I 43 2n WL mE 3n W
NIge e 25 7. 2n i R 3n e
PR 2n L g 3n Wrg
BRI 2n i £ 3n A
WA 5 2n W A 3n o A
(A PNLG 2n e %20 5 3n ]
R —5 2n W BORIR 2% 3n e
fif ¢ 2n Wirg

X AR S AR RS B A A D9(19.2743. 7 um, 1 AR D (15.2742.56)pum,
ITrbd (R4, B 3), RIMAEMRERE . i T ZNM2ERIR S TR EAKE AESIL T
QD}ET#\ BRI FREEE . ARZE W, SRS (7.2121.65)um, AR

r“\ KRR . A R BRI AR DL e e R (5.36+1.34)um, Hi2E ST RIRE EAT B 3k . HAh,
H, i@%i—ﬁ%ﬁm MR RIS E XSS b AL R AR RS A — 1i12|i/«WZIEﬂtf1ﬁ’—T£
AR U A AR WEES, HiH NG.64+1.12)1/37 037.3555 pm?,

TESALIT I, AR S =R 2 0 7E 5 9(7.28<1.45)1/37 037.3555 pm?, 45 B TR,

TEREZS (K4, K5), “AERIMIALKRE AR LA AL 98 B D T 2 35 K
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Fig. 4 Comparative stomatal structure of triploid and diploid tea plants
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Fig. 5 Scanning electron microscope images of stomata in
triploid and diploid tea plants
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