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Phenotypic diversity analysis of leaf traits in cultivated
Houttuynia cordata Thunb. populations from Hunan Province
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Abstract. We studied the phenotypic diversity of leaf traits in cultivated Houttuynia cordata
Thunb. populations from Hunan Province, China. Nine phenotypic traits and six relative traits of
leaves were determined. Variance analysis, coefficient of variation, correlation analysis,
principal component analysis (PCA), and cluster analysis were used to study the variation of
leaf morphology. Results showed that: (1) There were significant differences in leaf
phenotypic characters of the 20 H. cordata populations, and the differences among
populations were greater than those within populations; (2) The average coefficients of
variation for the 20 populations ranged from 5.63% to 9.08%, indicating low diversity among
populations. The Youxian population (P16) had the highest coefficient of variation (9.08%) ,
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whereas the Xupu population (P3) had the lowest coefficient of variation (5.63%); (3) The
average coefficients of variation for the 15 traits ranged from 3.71% to 10.28%, indicating that
leaf trait diversity was low. The coefficient of variation for leaf area was the largest (10.28%)
among the leaf characters, whereas the leaf width to leaf middle width ratio (W,/W,) was the
smallest (3.71%); (4) Correlation analysis showed that leaf area had a significant positive
correlation with leaf width, leaf middle width, leaf length, distance from leaf base to leaf width,
and petiole length, a significant negative correlation with leaf tip angle, and no particular
relationship with leaf base angle; (5) The cumulative contribution rate of the first three
principal components for the 15 characters was 83.66%. By cluster analysis, the 20
populations could be clustered into four groups: heart-shaped, small heart-shaped, narrow
heart-shaped, and large heart-shaped. These cluster results showed a discontinuous
distribution pattern; (6) The common garden experiment showed that the diversity of leaf
phenotypic traits was mainly determined by genetic material, and the diversity analyses could
provide a theoretical basis for the breeding of excellent germplasm resources.

Key words: Houttuynia cordata; Common garden experiment; Leaf; Phenotypic diversity;
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P1: WMEUNT; P2 WMEJRE; P3. M ALillil; P4 SRE A RAE; P5: WPERUE; P6. WPY kI,
P7. ZicHifk; P8. ZRHEVR; PO. BEFHMrT; P10: BRFHIW 0 P11, RFHILIL; P12. #5PHZ1L;
P13. M T P14 MR E; P15 WENAE; P16 PRINMLE; P17. MRINEER:; P18. BRVNZS
Bz, P19 MEMZRAN, P20, AU, TR,

P1. Hongjiang, Huaihua; P2. Chenxi, Huaihua; P3: Xupu, Huaihua; P4. Sangzhi, Zhangjiajie; P5:
Fenghuang, Xiangxi; P6. Longshan, Xiangxi; P7. Xinhua, Loudi; P8. Lianyuan, Loudi; P9. Xinning,
Shaoyang; P10. Dongkou, Shaoyang; P11. Yuanjiang, Shaoyang; P12. Anhua, Yiyang; P13.
Changning, Hengyang; P14. Nanyue, Hengyang; P15:. Hanshou, Changde; P16:. Youxian,
Zhuzhou; P17 Liling, Zhuzhou; P18. Chaling, Zhuzhou; P19. Suxian, Chenzhou; P20. Shuangpai,

Yongzhou. Same below.
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Fig. 1 Location of sampling points of Houttuynia cordata from Hunan Province
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Table 1 Location and habitat characteristics of the sampling points of Houttuynia cordata
JEHE PSS 5753 2353 A5
Population Location Latitude (N) Longitude (E) Habitat
LT T AT CF & o111 a4 A cornm qr  PEVIRLHD
P Shuping Township, Hongjiang County, Huaihua City 27711416 110°9'46.8 Roadside grassland
T RE K HE S o ARIAD an oqmine qr THBMT
P2 Changtianwan Township, Chenxi County, Huaihua City 2rv46'42.8 110715359 Ravine, under forest
LT R E £ o A01an ar I &2
P3 Jiangkou Township, Xupu County, Huaihua City 27°49'33.8 10%22'37.7 Next to brooklet, under forest
TR AT A L A onT1En g1 oomrqn an  PRERFLHY
P4 Guandiping Town, Sangzhi County, Zhangijiajie City 29°37752.4 110725103 Forest edge
P L G5 A A M R L e TR Wi 2 by
P5 Tuojiang Town, Fenghuang County, Xiangxi Tujia and 27°58'20.6"  109°36'53.8" . "
X Hillside grassland
Miao Autonomous Prefecture
ST 15 M T 1L B —
P6 Shigao Town, Longshan County, Xiangxi Tujia and 29°33'33.2" 109°27'44.5" -
: Forest edge
Miao Autonomous Prefecture
IR A oA Ea En omarao e BMIMREZ
P7 Shangmei Town, Xinhua County, Loudi City 27741'59.5 1e21ar.4 Next to brooklet, forest edge
2R AT K R i onarar o1 opnrnn on B E
P8 Shuidongdi Town, Lianyuan County-level City, Loudi City 27739'35.7 111763722.5 Next to brooklet, grassland
BRBATT T T B Bk Ml oART11 O oqipe o PRI
PO Matougiao Town, Xinning County, Shaoyang City 26°46"11.9 Hrevar2 Roadside grassland
ERBRTIA O B A bk 5 orras o omqiam e MOF B
P10 Yanglin Township, Dongkou County, Shaoyang City 26°57'31.6 110°51740.0 Under forest, grassland
£ BATI ULYLTT BH % P4 N
i i 0araq 11 PPN SURE: ]
P11 Yangluozhou Town, Yuanjiang County-level City, 29°3'48.1 112°34'23.6
. . Next to brooklet, grassland
Yiyang City
fii BT 22 Ak B AR 224 o110 41 oo 40 I
P12 Lean Town, Anhua County, Yiyang City 2877191 111735'0.1 Hillside grassland
BT T ERE S K
P13 Yitan Township, Changning County-level City, 26°23'48.8" 112°26'12.1"
. Under forest, grassland
Hengyang City
Ay BH T R £ X R T o1ping o1 oporan o PR FHLHD
P14 Nanyue Town, Nanyue District, Hengyang City 27°16'23.7 11274236.9 Under forest, grassland
WA B SO & CEATE A7 onren 4 VAT
P15 Zhouwenmiao Township, Hanshou County, Changde City 2875450.4 12°0°52.4 Ravine side grassland
U e BBk g o oimrin o BN
P16 Taoshui Town, Youxian County, Zhuzhou City 2774158.2 113713"13.6 Roadside grassland
PR TREBE T 7h 5 e o e o VIR
P17 Sunjiawan Township, Liling County-level City, Zhuzhou City 27°36'0.3 113°30"18.5 Ravine side grassland
RN T 25 b 2k oEAT1R AN oqnran on PRERFLHD
P18 Huotian Town, Chaling County, Zhuzhou City 2675616.6 113744714.9 Forest edge
H T A5 B 351 P o423 77 omigg pr PRF D
P19 Suxianling Scenic Area, Suxian District, Chenzhou City 2574923.7 13°3'33.2 Under forest, grassland
M TR AR gy
P20 ACH T L LA AR 26°4'18.0" 111°49'54.6" L A

Chalin Town, Shuangpai County, Yongzhou City

Roadside grassland
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Lo G Woo PESE; Lo MR R0 2 i 5 SE AL 1)
HIEE; W, s (m & 172 1588 ) 5 L. MEAR
K TA: BRI A BA. HFIER A,
L,: Leaf length; W,. Leaf width; L. Vertical dis-
tance from leaf base to widest point of leaf; W, . Leaf
middle width; L. Petiole length; TA: Leaf tip angle;
BA. Leaf base angle.
E2 &EEMRIERERTEE
Fig. 2 Schematic diagram of
H. cordata leaf measurements
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M AL (LA) S R B2 B H 7 R i (P9) , P33k
#)30.84 cm?, M3 A (BA) e KRR E
JERE(P2), ¥k 142,220 HRdef (TA) Sk
[ 7K M OB JE A (P20) , V4428 84.54°, )&
BE(LT) fe K B2 4 BH 220 B B (P12) Rl 18I 5
JERE(P15), ¥4 0.23 mm, FEEEXHR (3
4), M5 MFEH AR (L, /W, ) fie K B2 30 7 X
BEURRE(PS) , MARS KB AR (Ls/Ly ) SR A &
TN ARG EHE(P20) .

x2 BEEEFEMEHEANAFERESHATESHT

Table 2 Variance analysis of phenotypic traits of leaves among and within H. cordata populations

Y77 Mean square (MS) F{i Fvalue
Trait J R ] JEHEN FfAL R 22 Ja R ] JEHEN
Among populations Within population Random error Among populations Within population

Li(cm) 6.0983 0.2316 0.0179 26.3334 ™ 12.9205 *
W,(cm) 3.7890 0.1908 0.1955 19.8545* 0.9762
Ls(cm) 0.5884 0.0335 0.0247 17.5518 1.3580
W,(cm) 3.1896 0.1444 0.1772 22.0937 ** 0.8148
Ls(cm) 1.4739 0.0749 0.0643 19.6812* 1.1655
TA (°) 938.5063 29.4201 226.0486 31.9002 ** 0.1301
BA (°) 1333.2192 67.0124 9.6351 19.8951 ** 6.9550 ™
LA (cm?) 219.6933 5.9857 11.8012 36.7030 ** 0.5072
LT (mm) 0.0029 0.0002 0.0001 16.9001 ™ 1.2508
L,/W, 0.0415 0.0049 0.0076 8.3911 ™ 0.6516
Ls/Ly 0.0408 0.0011 0.0006 37.0882* 1.8351
Ls/L4 0.0058 0.0004 0.0001 14.2036 ** 3.9525
W,/W, 0.0087 0.0023 0.0003 3.7317 ™ 6.6696
Ly/LA 0.0162 0.0004 0.0007 44,7016 ™ 0.4918
W,/LA 0.0108 0.0003 0.0004 38.3789 " 0.7078

W MEREE W 2; ++, P<0.01,
Notes: Abbreviations of traits see Fig. 2; =+, P < 0.01.
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x4 MHREBEIEREFES

Table 4 Analysis of relative traits of leaf phenotypes of H. cordata populations

Popﬁfﬁons L,/W, Le/L4 Ly/L, W,/ W, L,/LA W,/LA

P1 1.25 + 0.08Pcdel0 0.38 + 0.02'9" 0.26 + 0.03%% 1.19 = 0.082 0.34 + 0.03%f 0.27 + 0.03Pcd
P2 1.25 + 0.06°%' 0.48 + 0.03°¢ 0.23 + 0.02° 1.18 + 0.012° 0.28 + 0.02" 0.22 + 0.00¢f9"
P3 1.22 + 0.01°df0 0.43 + 0.049%f 0.26 + 0.02°% 1.13 + 0.033>° 0.37 + 0.01°% 0.30 + 0.01°
P4 1.26 + 0.04Podef 0.37 + 0.02'9" 0.29 + 0.01P%d 1.14 + 0.03%° 0.26 + 0.02" 0.21 +0.019"
P5 1.44 +0.132 0.32 + 0.03" 0.34 = 0.022 1.16 = 0.02%° 0.38 + 0.03°d 0.26 + 0.02°%¢
P6 1.33 + 0.02%° 0.38 + 0.02'9" 0.28 + 0.01°%d 1.13 + 0.05%° 0.33 + 0.02°19 0.25 + 0.01%f
P7 1.42 + 0.04%° 0.44 + 0.019%f 0.29 + 0.01°< 1.16 + 0.01% 0.42 +0.03% 0.30 = 0.02°°
P8 1.29 + 0.Q7a0ccef 0.34 + 0.019" 0.28 + 0.02°% 1.08 = 0.10°° 0.34 + 0.029¢19 0.26 + 0.02°%
P9 1.13 + 0.06" 0.55 + 0.04° 0.34 = 0.012 1.04 = 0.07° 0.24 +0.01' 0.21 = 0.009"
P10 1.21 + 0.12¢0df9 0.32 + 0.02" 0.26 + 0.01°% 1.12 + 0.03%° 0.30 + 0.02'9" 0.25 + 0.019'
P11 1.25 + 0.05°%f9 0.32 +0.01" 0.30 + 0.013>° 1.15 + 0.02% 0.27 +0.02" 0.22 + 0.01'9"
P12 1.32 + 0.073cd 0.41 + 0.05°%9 0.25 + 0.03% 1.17 = 0.04%° 0.27 + 0.03" 0.20 = 0.01"
P13 1.25 + 0.01°cdfs 0.41 + 0.059 0.24 + 0.02% 1.12 + 0.02%° 0.25 + 0.01" 0.20 = 0.01"
P14 1.11 + 0.089 0.56 + 0.05% 0.28 + 0.02° 1.12 + 0.033° 0.39 + 0.02%° 0.35 + 0.042
P15 1.31 + 0.09abcde 0.35 + 0.029" 0.27 + 0.02°cd 1.17 + 0.06%° 0.33 + 0.01°1 0.25 + 0.02%f
P16 1.28 + 0.11bcdef 0.37 + 0.049" 0.27 + 0.0200d% 1.16 = 0.04%° 0.28 = 0.01" 0.22 + 0.01'9"
P17 1.21 = 0.08°%f9 0.31 = 0.01" 0.34 = 0.012 1.08 + 0.05"° 0.29 + 0.019" 0.24 + 0.019'
P18 1.15 + 0.06%'9 0.50 + 0.05°¢¢ 0.24 + 0.02% 1.18 + 0.07% 0.27 +0.01" 0.23 + 0.0149ef9n
P19 1.10 = 0.049 0.35 + 0.03%" 0.30 + 0.033° 1.11 + 0.053° 0.27 + 0.01" 0.24 + 0.0199
P20 1.15 + 0.03°19 0.63 + 0.052 0.31 + 0.02% 1.08 + 0.02°° 0.43 + 0.012 0.37 = 0.012

TE: RS WA 2; FAIARTHERREREE( P <0.05),
Notes: Abbreviations of traits see Fig. 2; Different letters in the same column mean significant difference at 0.05 level.

2.2 BEEAEEHMRERERIEE

55 FR B TR bR BE T B B b R R Y 8 SR BR
B2 AR B, W IR 1 AR e B K
MR, T 20 MR FLSERERY 15 SR AR,
V-2 S RECE AR IEAE 3.71% ~ 10.28% Z [H],
HorhAs SRR B R AR (LA, CV=10.28%) ,
78 S R /N 1) o P 9 5 I R B Y B AR (W,
W,, CV = 3.71%) . Ul B AR 2248 1 7R 5 A
e S AR L 2R R AR, AR R
H-PERB AR 52 R A (R 5) B RB/IMRIO . LA >
TA > L;>L>W,>W,> L/L,>L,>L,/L,> LT >
BA >W,/LA > L,/LA > L,/W,>W,/W,, FEA[A
SR, AR R R WA, 7E 20 DM
T, PR AR S B J K 2 R A B FE (P16,
CV =9.08%), AR5 e B2 /s 1 S P AL T
JalE(P3, CV =5.63%) . UtHITRINME fafEm-k
ARZPEVERERE e, MBI s AR 2 AR
FERAR A FE TS S B2 R B /MRl . P16 >
P12 >P14 >P8 >P1 > P10 > P9 > P19 > P5 >
P13 > P11 > P20 > P18 > P4 > P7 > P15 > P6 >
P2 > P17 > P3,

2.3 &EEMMERERNEXES T

K H Pearson #H & 1 28 B0 fa B B4 PR TR
PRSI T 0T, 55T UL 15 A Mtk R R £ &
P S B A O (3R 6) , WAATR SRR (R
AR B EACHE, e S | M40
AR, HMRIe M K S A
P, KBRS 3 A A W,/ W, B A SE PR 2
Ah, SHAM A2 AR B SC, nh A
Bi, M R ERTE | IR GEAL R ES . AR
AR IEARDG, SMRICA S W G,
HEI A RRAK,
2.4 &BREHEROERSSHRERSHT

YRR O MR K 6 ASFIXTHERIES T A%
G350, AHE SRR T 1 M ERSN(RT) . B
1T BRGSO, g/ AR i
e, /AR R R R B Ak ) 2 L EE
B MR ARG, TTERE R 46.78%, 2 &
A SR/ T8 AR/ SRS A AR
KW EH L, TTHkE N 20.386%, % 3 M a5
L3/L1, W2/W4 | mtdEdesff | L3 W EMC, TiikE
H 16.495%, 3 P FHSrH RN 83.66% .
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K7 BREMHRBERERSSH I BR324 R £ e e Jos AT SR 2 40
Table 7 Principal component analysis of A BB ELRETT 2N N N
leaf traits for H. cordata populations #r, 20 I‘@ﬂiﬁﬁﬁﬂﬂ\j‘? 42 (KI3).: H1HK]
Trait £ 1 EWS2 W3 v PEL ey e, D DL T,
PC PC 2 POSBE, WM LBSIIIY, B o
L 0.975 ~0.107 0.076 2 KPR/ NIESE, 4G P14, P20 JafE, M2
" oo ot IO, WHERSCDN; 43 2 el
3 . v - S N > Al
W, 0.922 0.286 0216 B2, 4% P5. P8, P17 Jaff, a5 Mo (H A
L 0.494 0.621 0.128 K, BIFAARACIE , MBS 1 25/, 54
TA -0.593 0.476 -0.372 FKARLIEE, P JERE, K S55EIL-FH
oA 0058 0.084 0.098 &, PR R THAL 3 2%
LA 0.973 0.202 -0.022
LT 0.373 -0.551 0.266 3 it
L,/ W, 0.125 -0.809 0.161
Lo/ L, ~0.466 0.736 0.075 3.1 &BESEHREMERKOSHNE
Ls/ Ly -0.173 -0.212 -0.886 ST 20 A R 3 BB 15 e AR
e s 0187 s o8 A SEARBOMIT R I, A PEIR B2 57 R B 1
L,/ LA -0.881 -0.342 0.044 ., . o it o o
W/ LA 0061 0.006 0,009 JEARK, 7E3.71% ~ 10. 28%Z 0], BRAT AL S
P . s pira FEGHE T 10%4h, A MR 9 AR 7 R B R i
Eigenvalue ' ' ' 10%, /NTILUA (Armeniaca sibirica (L.) Lam)!"
I;ﬁrfjgit(lo?\) 46.782 20.386 16.495 () 14. 51% ., JK A 3% ( Manglietia conifera Dandy )%
Tl (9 ) 14.06% ~ 28.60%. = Fd & % ( Micheli -
fﬁﬁﬂ“ 46.782 67.168 83.663 & o ° z%aﬁgmeawn
umulative nanensis Franch. ex Finet et Gagn.) " ) 16.20% ~
P6
P15 3—‘
Pl
2
P7
]
_cm a P2
P18
P12
1cm P16 }7
b P13
P4
121111
1cm =
— 1/ C P19
P14
P20 J
- i
P17
BN ——
B9

a: /Dﬂ:ﬁ; b. /J\‘[L‘ﬂ:ﬁ; C: 39%4)%; d. j@ll‘%o

d

1 1 1 1

0

5

10 15 20 25

a. Heart-shaped; b. Small heart-shaped; c. Narrow heart-shaped; d. Large heart-shaped.

B3 &aEEMHEREEST
Fig. 3 Cluster analysis results of leaf phenotypic traits for H. cordata populations
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60.11% . Wi YL #% ( Phoebe chekiangensis C. B.
Shang) " Yy 16.99% . 7 # 41t >% ( Paphiopedilum
armeniacum S. C. Chen et F. Y. Liu) " () 15.11% ~
26.36% . & TiWk ¥ ( Schisandra sphenanthera
Rehd. et Wils.) " ) 13% ~ 26% ., iM% ( King-
donia uniflora Balf. f. et W. W. Smith) ' {14 17.34% ~
44.17%, Rt LRI FRBERE, AN
[F) Jos A [) 1 722 S R BB B AE 5.63% ~ 9.08% Z
], ZRREBAR, BT OREERNLIE
/N T RE R B 5 A, A PR R A 2 e
S SRR AR S g | S 1Y, (AN [R) 8 A 1Y) £ 7
M RAMR E 2B E N2 EE, iR )E
HEN I Z AR R BE A, X — S RAE T =/
EEES W 2 R Z R S TR R
ZFEVER 25

FE O A NERAER T i TR A AR R R UK
(10.28%), MIEFAMHR/N(6.74%), KW HY
RV LR, ZFEM SR, X 0] BB Al AR
N Z R R A R 8RN R S RO
HRENRSRES, MR 2 A KT, A
S R AT EHRERERE Y bR TE R
JERZE R, CO, M5 fa i v A R At 3% IEAH
S ORI A T R e £ R A S [ 4 0 BE A
AR RUEHPE R T CO,, dHFERIERER.
g R o B AL TR, At
AT R, BRI R 2GR IR T, Ry R e
MR FRACR R, WA RBORE , SR
KRAZFBEVINEIREM 58, HUORMhisse, &5
SEMA T FE | S TE AR AR S R A
o, XL ST A 2R R
3.2 BAEEMREERSHESEEVRNXER

PR 2 B 5 AL ) 5 A B 3R R VR FH I 45 23
24 Z W o g8 3R T R AR S 5 R B (] Y SR
RIO9BS PR TREENROR, AL AR
SR U £ I R JR B R B A A R P PR v, LR AR
SRR LA TR, DR R AR ST LA
S FERAREY RS, #i AR RAPD™
AFLP'®)  SRAP'® 454k ic 8 A X £ i 5 1)
FARY], MR EAA R NG 2, HER
] )5t A% ARV o TR RE N st i 2Rk, AR
R PR M S5 R SRR —3%, =T
R IN R, R L R R B A

R GRS G IR, ANTR] R R S A R
BB U A, TR AL T BA Rl g 1L
RIS RY , FRATTIA g £ IR e o A ] A VR S o
TREREN, XA RERE i Tt L P sl iy, dE 4
i, PR AN R R AR AR ZE
PEATTOIESAE, JEiE NIRRT e A KR
AR —BUER RS, RBURHEN Z R
BAK, IR R R n] BB 2 b JC Bl S AR E P AL
22 R N TR, REREERE S, T
TCRl S AT R A, B D) B EUR AR 57
BERIOT DR M 5t £ YA T A fE T S
] HAT B R T A1

AN M B R ) Wy B A, R T R IR
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AT — i R RS (¥ 2R 4 T 3R W
WiR A 20 AR R R Al 2 4 98, A5 R
S BEA R A, X Ui I AE (7] J5 el B % )
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