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Abstract ; Differences in leaf color of 32 half-sib progeny clones and parents of ¢ Wannianjin’ of golden-
leaf ginkgo ( Ginkgo biloba Linn.) from April to November were compared. Changes in leaf pigment
contents and ratios and leaf color parameters of (L#* , a* and b* ) different color series were compared
correlation between leaf color parameters and leaf pigment contents was analyzed, and ultrastructure of
chloroplast of different color series was observed. The results show that 32 half-sib progeny clones are

s BHEA: 2015-06-09

EL£WA . LA A" A G 8B T H ; 1L “ S KAA EIE” T H (2014 -NY -045) 5 VL5 i B AL SRk % TR B gh it H
(PAPD)

TEBER N AT 3C(1979—) , B INARIGIT A B 300, 2N FLTMEEE VIR TAE,



44

LENE7/ I AR RS N N

divided into four color series including golden yellow, light yellow, grass green and blue-green. As time
goes on, contents of total chlorophyll (Chl) , chlorophyll @ (Chla) , chlorophyll b (Chld) and carotenoid
(Car) in leaf of grass green and blue-green color series all appear the trend of “double-peak” , change
ranges in ratios of Car/Chl and Car/Chla both are smaller; while contents of the above pigments in leaf of
golden yellow and light yellow color series appear the trend of “increasing—decreasing—increasing” , and
ratios of Car/Chl and Car/Chla generally appear the trend of “decreasing rapidly —relatively stable —
increasing slowly”. Contents of the above pigments in leaf of different color series during summer all
decrease at different degrees, difference in their Car/Chlb ratio change is large, and pigment contents of
golden yellow and light yellow color series are all lower than those of grass green and blue-green color
series. As time goes on, L* | a* and b* values in leaf of golden yellow and light yellow color series and
L# and b* values in leaf of grass green and blue-green color series all decrease at first and then
increase, while a* value of the latter two color series increases at first and then decreases; and L* and
b#* values of the first two color series are generally significantly higher than those of the latter two color
series, while a* value is generally lower than that of the latter two color series. There are significantly
negative correlations of Chla and Chl contents of golden yellow color series with L# and a* values, while
significantly or extremely significantly positive correlations of its Car/Chl and Car/Chla ratios with L |
a* and b* values. There is a significantly negative correlation of Chlb content of light yellow color series
with a* value, and significantly positive correlations of its Car/Chla ratio with L* and b* values and
Car/Chlb ratio with a* value. There is a significantly negative correlation of Chla content of grass green
color series with L* value, and significantly positive correlations of its Car/Chla ratio with L* and b*
values and Car/Chlb ratio with a* value. There is no significant correlation among other indexes in leaf
of three color series and among indexes in leaf of blue-green color series. The observation result shows
that development of grana lamella in chloroplast of golden yellow and light yellow color series is
imperfect, which is visible with a loose arrangement, but without obviously stacking, its distribution is
small and sparse. Stacking layers of grana thylakoids in chloroplast of blue-green and grass green color
series are more, grana lamella is developed with a compact and regular arrangement, its distribution is
large and dense. The comprehensive analysis result indicates that coloring difference and leaf color
change of four color series of half-sib progeny clones of ¢ Wannianjin’ are controlled by many factors, in
which, high ratios of Car/Chl and Car/Chlae and imperfect development of grana lamella in chloroplast
are the main reasons for appearing yellow leaf.

Key words: golden-leaf ginkgo; leaf color; pigment content; leaf color parameters; ultrastructure;
coloring mechanism
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Fig. 1 Comparison on leaf color of 32 half-sib progeny clones of ‘ Wannianjin’ of golden-leaf ginkgo ( Ginkgo biloba Linn.) and
their parent clones ( taking comparison result in April 20 as an example)
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Table 1 Change in pigment contents in leaf of different color series of half-sib progeny clones of ‘ Wannianjin’ of golden-leaf ginkgo ( Ginkgo
biloba Linn.)V

AN H I (MM-DD) I 5 T4 3 @ & ht/mg « ¢!

I Chlorophyll @ content in leaf at different dates (MM-DD)

Color series 04-20 05-20 06-20 07-25 09-05 09-20 10-20 11-20
B Golden yellow  0.241+0.068b  0.651+0.109b  0.869+0.050b  0.969+0.086a 0.798+0. 110bc  0.579+0.047a  0.672+0.045b  0.762+0.056a
HE A Light yellow 0.303+0.088b  0.656+0.095b  0.846+0.050b  0.946+0.237a 0.473+0.046¢ 0.564+0.109a  0.782x0.043ab 0.867+0. 106a
BLE{T Grass green 1.240+0. 125a  1.489+0.063a  1.614%0.150a  1.314+0.054a 1.207+0.115a  0.97720.189a  1.355+0.276a  0.804+0.343a
W40 Blue-green 1.308+0.227a  1.762+0.046a  1.670+0.217a  1.237+0.163a 0.911x0.017ab  0.945+0. 143a  1.23120.124ab 0.983+0.38%a
@&z AN[E HI(MM-DD) ' J 482 b F1E/mg - ¢! Chlorophyll b content in leaf at different dates (MM-DD)

Color series 04-20 05-20 06-20 07-25 09-05 09-20 10-20 11-20

£ H# 0 Golden yellow  0.074x0.016b  0.170+0.035¢  0.240+0.001b  0.238+0.035a  0.167+0.022b  0.123+0.006a  0.112+0.020b 0. 152+0.009a
HE A Light yellow 0.119+0.033b  0.252+0.012bc 0.276+0.004b  0.269+0.045a  0.179+0.025b  0.129+0.018a  0.165+0.019b  0.203+0.024a
AR Grass green 0.446+0.034a  0.514+0.086ab 0.342+0.017a  0.309+0.024a 0.261+0.003a  0.256+0.063a  0.382+0.048a  0.285+0.114a
#52% (2 Blue-green 0.425£0.081a  0.587+0.119a  0.350+0.011a  0.329+0.017a  0.296+0.025a  0.246+0.094a  0.434+0.057a  0.321+0.133a
IE AT H I (MM-DD) M 19 64 % & /mg + ¢! Total chlorophyll content in leaf at different dates (MM-DD)

Color series 04-20 05-20 06-20 07-25 09-05 09-20 10-20 11-20
4 {4 Golden yellow  0.315+0.084b  0.821+0.144b  1.109+0.049b  1.207+0.121a 0.965+0.132bc  0.702+0.041a  0.784+0.065¢  0.914+0.047a
iRt Light yellow 0.422+0.122b  0.908+0.107b  1.122+0.047b  1.215+0.282a 0.652+0.021c  0.693%0.127a  0.947+0.062bc 1.070+0.081a
HLRAA Grass green 1.686+0.159a  2.003+0.024a  1.956+0.167a  1.623+0.078a 1.468+0.118a 1.233+0.252a  1.737+0.324a  1.089+0.457a

W2k Blue-green 1.566+0.179a  1.207+0.008ab 1.665+0. 180ab 1.

—_

.733£0.308a  2.349+0.165a  2.020+0.227a 1.191+0.237a 304+0. 522a

e A H I (MM-DD) M H 92550 % 254 /mg - ¢=! Carotenoid content in leaf at different dates (MM-DD)

Color series 04-20 05-20 06-20 07-25 09-05 09-20 10-20 11-20
£ Golden yellow  0.218+0.034b  0.419+0.004c¢  0.412+0.026b  0.464+0.027bc  0.411£0.052bc  0.307+0.011a  0.328+0.061b  0.451+0.016a
I Light yellow 0.262+0.029b  0.377+0.005¢  0.386+0.016b 0.418+0.067c¢  0.284+0.011c  0.305+0.036a  0.377+0.042b  0.460+0.042a
LR Grass green 0.660£0.069a  0.798+0.002b  0.794+0.039a 0.716+0.033a  0.651£0.072a  0.507+0.118a  0.742+0.110a  0.522+0.138a
W24 Blue-green 0.705£0.139a  0.982+0.071a  0.841+0.097a 0.647+0.074ab 0.498+0.009ab 0.515+0.094a 0.703+0.081la  0.541+0.221a

D )5 Hp RS R 1/ Pk o8 22 5 B 2 (P<0.05) Different small letters in the same column indicate the significant difference (P<0.05).
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Table 2 Change in ratios of carotenoid content to chloraphyll content in leaf of different color series of half-sib progeny clones of ‘ Wannianjin’
of golden-leaf ginkgo ( Ginkgo biloba Linn.)"

AT H I (MM-DD) M J ) Car/Chla FAE  Car/Chla ratio in leaf at different dates (MM-DD)

[EEN

Color series 04-20 05-20 06-20 07-25 09-05 09-20 10-20 11-20
4B Golden yellow  0.905+0.130a  0.645+0.085a  0.474+0.002a  0.479+0.018a  0.515+0.007b  0.530+0.021a  0.488+0.052a  0.591+0.027a
K Light yellow 0.864£0.145a  0.574+0.059a  0.457+0.007a  0.44220.079a  0.600+0.030a  0.540+0.029a  0.482+0.025a  0.531x0.022a
LR, Grass green 0.533£0.002a  0.536+0.022a  0.492+0.026a  0.545+0.003a  0.540+0.010ab 0.519+0.014a  0.548+0.051a  0.650+0.057a
WLk Blue-green 0.539+0.009a  0.557+0.027a  0.504+0.010a  0.523+0.012a  0.547+0.001ab 0.545+0.013a  0.571+0.010a  0.550+0.004a
S AT H I (MM-DD) M F i) Car/Chlb H.fH  Car/Chlb ratio in leaf at different dates (MM-DD)

Color series 04-20 05-20 06-20 07-25 09-05 09-20 10-20 11-20
£ Golden yellow  2.945+0.238a  2.469+0.375a  1.719+0.115b  1.950+0.259ab  2.468+0.011a  2.490+0.217a  2.924x0.022a  2.967+0.249a
A Light yellow 2.199+0.351ab 1.497+0.050a 1.398+0.079b 1.556+0.015b 1.586+0.386a 2.359+0.038a  2.282+0.004b  2.273+0.388ab
BLE{T Grass green 1.481+0.036b  1.554+0.384a 2.323+0.00la 2.320+0.089a  2.499+0.257a  1.984+0.021a 1.942+0.055¢ 1.832+0.139b
WLk Blue-green 1.661£0.006b 1.674+0.365a  2.405+0.218a 1.968+0.142ab 1.684+0.205a  2.094+0.237a  1.620+0.032d  1.683+0.005b

@7 AN[E H B (MM=-DD) HF B Car/Chl Fbffi  Car/Chl ratio in leaf at different dates (MM—-DD)

Color series 04-20 05-20 06-20 07-25 09-05 09-20 10-20 11-20

£ H0 Golden yellow  0.692+0.091a  0.511+0.070a 0.372+0.006bc  0.384+0.021a  0.426+0.005a  0.437+0.009a  0.418+0.037a  0.493=0.009a
HHE A Light yellow 0.620£0.103ab 0.415+0.035a  0.344+0.000c  0.344+0.046a  0.436+0.002a  0.440+0.021a  0.398+0.016a  0.430+0.008a
FILE(D Grass green 0.392+0.003b  0.398+0.004a 0.406+0.018ab 0.441+0.001a  0.444+0.016a 0.411+0.008a  0.427+0.026a 0.480+0.041a
5 2¢ (4 Blue-green 0.407£0.006b  0.418+0.00la 0.417+0.002a  0.413£0.000a  0.413+0.010a  0.433+0.005a  0.422+0.004a  0.415+0.002a

D Chla; M4%% a FH Chlorophyll a content; Chlb; M4EZ b & Chlorophyll b content; Chl; A H4%Z {4 Total chlorophyll content; Car; 2%
NZ &1 Carotenoid content. [F]F FFRTRE /NG FHEF IR 22 7 . (P<0.05) Different small letters in the same column indicate the significant
difference (P<0.05).
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Fig. 2 Change in leaf color of different color series of half-sib progeny clones of ‘ Wannianjin’ of golden-leaf ginkgo ( Ginkgo biloba Linn.)

K3 SHBEHF FEL TRABRFEABFREERMESEH (L (ax T bx ) Y72E4LY

Table 3 Change in leaf color parameters (L+ , a*x and b+ ) of different color series of half-sib progeny clones of ‘ Wannianjin’ of golden-leaf

ginkgo ( Ginkgo biloba Linn.) "

KT H (MM -DD) B i) Lo {8

A L# value of leaf at different dates (MM-DD)

Color series 04-20 05-20 06-20 07-25 09-05 09-20 10-20 11-20

£ H G Golden yellow 66.86+2.95a 60.97+3. 14a 54.70+1.45a 51.80+1.39a 49.02+1.41a 51.85+2.08a 56.00+0.65a 57.29+1.84a
RE M Light yellow 61.40x1.12a 59.17+2.20a 54.78x1.21a 52.36+1.56a  49.23+0.23a 49.68+1.89%a 53.45+1.05a 55.55+1.81a
HILk{, Grass green 41.56+2.88b 35.81+0.75b 34.31+0.36b 33.58+1.14b  35.87+0.78c 37.43+0.82b 39.07x4.45b 47.97+6.08a
W40 Blue-green 43.18+2.91b 37.35+0.43b 36.49+0. 16b 36.16+1.46h  39.07+0.01b 39.05+0.70h 40.44+4.59b 49.63+6. 14a
VS ANE HIH(MM=-DD) i B ax fH  a* value of leaf at different dates (MM-DD)

Color series 04-20 05-20 06-20 07-25 09-05 09-20 10-20 11-20
A Golden yellow -8.63x1.77a -12.16+3.74a -19.64+0.61c -20.86+0.77b -19.32+0.60b -18.11x1.97b -14.18+£0.00a -14.18+1.0la
R Light yellow -15.88+1.72b  -19.31+0.89a -21.09+0.03¢ -21.04+0.66b -19.72+0.36b -19.01£1.67b -15.68+0.53a -16.74%1.29a

ght 'y

BLR{ Grass green -16.37+1.69b -12.99+0.73a -11.54+0.13a -11.28+0.55a -12.38+0.63a -11.12+1.08a -13.27+1.16a -15.60+1.30a
Wi 44 Blue-green —17.30+1.49b -14.31£0.21a -13.90+0.52b —-12.87+0.20a -13.27+0.39a -14.05+0.54ab -15.12£0.28a -15.67+0.68a
% ANE HB(MM-DD) M B # b= {f b value of leaf at different dates (MM-DD)

Color series 04-20 05-20 06-20 07-25 09-05 09-20 10-20 11-20
4 Golden yellow 54.29+0.30a 53.69+7.85a 38.00+1.29a 35.42+2.14a  31.1520.68a 32.50+3.03a 38.56+0.30a 39.16+7.27a
HE M Light yellow 53.35+4.03a 45.30+2.28a 40.74+2.34a 36.06+2.26a  31.55+0.44a 32.42+2.29a 37.00+0.97a 38.95+3.17a
FILRT Grass green 23.96+4.05b 15.86+1. 14b 13.58+0. 19b 13.95+0.45b  14.85+0.82c 16.50+0. 63b 17.75+6.11b 29.96+7.05a
5L {4 Blue-green 27.30+4. 16b 18.99+0. 63b 17.72+0. 88b 15.96+0.89b  17.75+0.78b 19.30x1. 14b 21.58+4.75h 31.08+6.05a

D [G) 5 R[] (/N FRE R 22 5 B3 (P<0. 05) Different small letters in the same column indicate the significant difference (P<0.05).
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Car/Chla Fl Car/Chlb L AH 5 M S50 Lx ax Fl bx
(HYERIEAHDG, 48 (R M 7% Chle il Chl & it
L Fl ax {H 2 2 T ¢, 17 H Car/Chl 1 Car/Chla
FEIEI S L as A b {H 52 0 35 B0 8 35 IEAH O,
RAGPRAIY T W E ARG, P A R Ry Chlb &
Y ax (HE BFAMIK, H Ca/Chle HS Lx Al
b (B 5 B # IE A, Car/Chlb [WAE S ax (H 2 B #FHIE

FASG , FLAHE B (8] ¥ 78 . 3 A1 5C 1, Car/Chlb (5
L Fl b {H 2 BRI FAAHCOC R, R AR 1Y)
Chla &85 L+ (A5 W EF HAHX, Car/Chla HAHS L
Al b ALK Car/Chlb HLEY ax {HAE B EF MG, H
ARARPRIEI YT AR O, s R A HE R
] 417G 5 35 AH et {HHE Car/Chlb B 5 L I b fi
SEHEERAER,

F4 EMBER FTES FRERLARTFREERMFEESEMHESHMNAXRYY

Table 4 Correlation coefficient between leaf pigment contents and leaf color parameters of different color series of half-sib progeny clones of

‘ Wannianjin’ of golden-leaf ginkgo ( Ginkgo biloba Linn.)")

RS SR ERTMERLIBRAIAAHIE RS Correlation coefficient among different indexes of golden yellow color series clones

Leaf color

parameter Chla Chlb Chl Car Car/Chl Car/Chla Car/Chlb
L -0.74# -0.43 -0.72# -0.52 0. 87## 0. 85#4# 0.34
ax -0.81# -0.65 -0.80# -0.58 0.79# 0.84# 0.60
b -0.60 -0.22 -0.59 -0.37 0.78# 0.76# 0.12

LIRuE 4 W ORI RATEVRRIAFIC RS Correlation coefficient among different indexes of light yellow color series clones

Leaf color

parameter Chla Chlb Chl Car Car/Chl Car/Chla Car/Chlb
L= -0.32 -0.12 -0.18 0.02 0.53 0.75# 0.22
ax -0.39 -0.70# -0.44 -0. 14 0.64 0.53 0.82#
b -0.45 -0.18 -0.31 -0.16 0.62 0.84# 0.18

LIRER 27 FLR O R TOME RS TEARE AUAIC R EL  Correlation coefficient among different indexes of grass green color series clones

g g g

Leaf color

parameter Chla Chlb Chl Car Car/Chl Car/Chla Car/Chlb
L -0.72# -0.06 -0.60 -0.61 0.47 0.82# -0.51
ax 0.35 -0.37 -0.58 -0.61 0.29 -0.57 0.69#
b -0.69 0.02 -0.55 -0.57 0.42 0.81# -0.56

LRG3 WO R T RS IEIREIAAI RS Correlation coefficient among different indexes of blue-green color series clones

g g

Leaf color

parameter Chla Chlb Chl Car Car/Chl Car/Chla Car/Chlb
L -0.49 -0.11 -0.39 -0.41 -0.20 0.36 -0.54
ax 0.02 -0.33 -0.08 -0.09 -0.19 -0.50 0.58
b -0.30 0.08 -0.19 -0.21 -0.27 0.44 -0.57

D Chla; M4%2 a ¥ Chlorophyll a content; Chlb: 4¢3 b £ Chlorophyll b content; Chl; fii4E3E & Total chlorophyll content; Car: 2538

N ZE &4 Carotenoid content. #: P<0.05; ##. P<0.01.
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B fRi%RE Explanation of Plates

B L 1-3. fHdERATER: L RN RS ; 2. el eas e ; 3. R RImMEEH. 4-6. BmaRPLREAREER (205
TMER) : 4. WA WAEE ;5. AR 6. MK RITE A, 7-9. EEEaRPRE AR (22 SHMHR) . 7. AN
RIEEH; 8. R AGHIREE 5 9. R AA R AR AR A 1.

Plate I 1-3. Common parent clone; 1. Microscopic structure of mesophyll cell; 2. Ultrastructure of chloroplast; 3. Ultrastructure of part of chloroplast.
4-6. Half-sib progeny clone of blue-green color series (No. 20 clone) : 4. Microscopic structure of mesophyll cell; 5. Ultrastructure of chloroplast;
6. Ultrastructure of part of chloroplast. 7-9. Half-sib progeny clone of grass green color series (No. 22 clone) ;: 7. Microscopic structure of mesophyll cell;

8. Ultrastructure of chloroplast; 9. Ultrastructure of part of chloroplast.

BRI 1-3. @M ZRERATRIER . 1. AR A 2. AR AT ; 3. M WR B MEH. 4-6. SWEOFRLRMICHER
(19 SHRMER) : 4. AN RN 5. ARSI ; 6. MEARRRRMEEH. 7-9. REARLFABPAUEERGL S EH®R) 7. 1t
PR 20D S A ) 5 8. AR IS 1 5 9. AR R R 2 A

Plate I 1-3. Parent clone of gold leaf bud mutation: 1. Microscopic structure of mesophyll cell; 2. Ultrastructure of chloroplast; 3. Ulirastructure of part
of chloroplast. 4-6. Half-sib progeny clone of golden color series ( No. 19 clone): 4. Microscopic structure of mesophyll cell; 5. Ultrastructure of
chloroplast; 6. Ultrastructure of part of chloroplast. 7-9. Half-sib progeny clone of light yellow color series ( No. 31 clone) : 7. Microscopic structure of

mesophyll cell; 8. Ultrastructure of chloroplast; 9. Ultrastructure of part of chloroplast.

GT: 3K /' /2 Grana lamella; ST: 35 H)Z Stromal lamella.
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YU Wanwen, et al;: Analyses on changes in leaf color and pigment contents and

coloring mechanism of half-sib progeny clones of golden-leaf ginkgo Plate |

See the explanation at the end of the text
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YU Wanwen, et al;: Analyses on changes in leaf color and pigment contents and

coloring mechanism of half-sib progeny clones of golden-leaf ginkgo Plate II

See the explanation at the end of the text



