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ABSTRACT

Anatomy and ultrastructure of the modifeid Kranz pattern have been studied in succulent Salsola collina
Pall. Cylindrical leaves exhibited the Salsoloid Kranz type containing two layers of peripheral chlorenchyma
that surrounded the water storage cells and vascular tissues. Small veins were also peripherally arranged, but
mostly embedded in the vicinity of the inner chlorenchma without the orderly arrangement of the concentric
layering of bundle sheath and mesophyll cells. The current study mainly focused on the chlorenchyma tissue
abutting such minor veins. The outer columnar layer exhibited features similar to the characteristics of palisade
mesophyll cells, while the inner cuboid layer to the bundle sheath cells of a typical C4 Kranz pattern. Cellular
components of the inner chlorenchyma were centripetal and numerous, but starch-laden chloroplasts were
rudimentary in the thylakoidal system. The outer chlorenchyma demonstrated normally developed chloroplasts
having well-stacked thylakoids and plastoglobuli. Branched and complicated plasmodesmata frequently
occurred in thick interfaces of the two layers, implying the active movement of the photosynthates between
them. The present data were mostly congruent with one of the structural features of the C4 subtypes, NADP- -
ME type, reported in the Cs4 pattern. The Kranz pattern encountered in this Salsola probably has been directly

related to the structural modification that occurred during a functional adaptation to the C4 photosynthesis.
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o} g1} (Carolin et al., 1975; Voznesenskaya & Gamalei,
1986). Kranz 28] EXo| thated Aleliie) 3}
Ao A Cy 320} )=\ A] (Hatch & Slack, 1965;
Hatch et al., 1967) C; 334 7 A" A7) gwbst
A o] Rt o] F w2 ATl A CsFgA A e
A8 o5 Az £39 AAHHH 73 FehA
FzE3ete] WA HAA WEHAR Q. 53
Kranz 324 $34x 9 g8z 2o g Al=s}
A BEAATE G AR oM 7=t 7157
AE AE A3l F23 dFNAte] Ha glom
(Laetsch, 1971, 1974; Voznesenskaya & Gamalei, 1986;
Hatch, 1987; Kim & Fisher, 1990; Kim, 1993; Dengler
& Nelson, 1999), {3 = Kranz +22 Al C4 AE
o e AT = ozl FolA s WA 2
= 7 ¢)v} (Carolin et al., 1975; Shomer-Ilan et al.,
1975; Ueno et al., 1986, 1988; Kim & Fisher, 1990;
Fisher et al., 1997; P’yankov et al., 1992, 1997, 1999).

Ci A8 g&22 o] B3 Kranz 73 oFst
HEZNN BRI, B Bl AEEo) o
43t oFAFE W3 gJv}(Voznesenskaya & Gamalei,
1986; Sage et al., 1999). W o} ] dj3L5-9) Cy A1 E
< A¥A< Kranz 725 D27 d¥ $2 o
£ #¥S Adxz 2 §3L8 AE T ot g2
1}e}do} (Shomer-Ilan et al., 1975; Bil’ & Gedemov,
1980; P’yankov et al., 1992, 1997, 1999; Fisher et al.,
1997; Dengler & Nelson, 1999). £3], o] &2} w3zl
Kranz 2% ©}A] Atriplicoid, Kochioid, Salsoloid,
Kranz-Suaedoid type?] ¥ 7}x] f3og AE5 o]
oA gl (Carolin et al., 1975; P’yankov et al., 1997,
1999; Dengler & Nelson, 1999). %8 \}e}ol| = Salsola
AEE G F&2F AYE 2 S collinad ¥ ZE38le]
T Fol ¥xaht o]E] d&2A W G F2H 5§
Aol daliME o= QM= AMF] 7" v}
gloh. olell B AFE S colling 38522} Cy Kranz
T2 9 AT de HMZzRHE A F eAF
= $3EAE A E] gE Bz} g

Mz H U

2 oo Ab&3 e Salsola collina Pall (Lee,

1983, 1996)-% ch&AA AEZ 19999 7~94e] 4
A AdE SR 3% U ZAARAN 4
A AQRY. ol BS APz §42 AF o
3~dem Zol8] 43 o] AAHRIAH 47E 9
2 A=AE $Iste) sampling = 9ict.

QE2AEL 524 B AYY AAE9)7
Al &A1 2 (Kim & Fisher, 1990; Kim, 1993)& %
Majstol ohgs 2ol Aeissdch Aol A Fohr
#E 1mm Fo2 samplingdt %, 3~5% glutaralde-
hyde g 02 A-2ol|x 3hr ATAAZ] &, 2% OsO;4
2 E317 (4°C, 4~ 12 hr)s}lgit}. Buffer 2! A H o o
23 0.1 M sodium phosphate buffer (pH 6.8 ~7.2)7}
Ara-E9doh A3 5l A2 acetone series2 BH4F o]
ARAYE AR T, Spurr's resin FAe] Zo) =]
60°CollA 48 hr =& H ). o] A]8+= Reichert
Ultracut S Ultramicrotomeel] 2}&] ZubA# (ca. 0.5~
1um) @ =ubA s (ca. 60~90 nm) o2 A zte o}, A
A= toluidine bluee] G4 = o] Jenalumar Arj7Hd oz
Z A= 9l A= diamond knives 2. A 2}E o] 2~4
% uranyl acetate®} lead citrate2 7}z 458 o]
A A7) % Hitachi H-7100 £33} 8o ez 75
kVellAl #EF . dF GE2A 2 F93 2719
3% glutaral-dehyde 2] &3 Nojr A 174 g 2% 0sO,4
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A A H 1 acetone seriesE ©5E o] 4°Collx] RIE

At o] & YA 7= (CPD: Critical Point Drying)
2 Axl %,8~10nme] F<£3]2+2 )3 Hitachi S-

4200 FAMAAIHE)H o2 15kVell A HAstgict.
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AL &3] vtz el 2% 824 (outer chlo-
renchyma)®} ]2 <3-8-%4] (inner chlorenchyma)]
T 2% olRG(Fig. 1. o] WRel o2 Z9
S8 2243 Ayt F9 (central vein)o] low,
W Gex2E3 vz JAHSIY Y $EAA A
FAbolells B8] AW Eo] (minor vein) FZ 3}k
(Fig. 2). 9% J{2AZE o5 A M=zE
2 Agar M EZH (intercellular space)e A3l §)
o A=y AVREL Mz FHEAE o) o)
gt et (Figs. 2, 3). 3 82422 84
23 A3 (bundle sheath-like cells)”} =H3}A4] wig
o] T Mz FHEE FUHo=z wjdse
A=t (Fig. 4). F#428 Aze AYH < Kranz 7
29 A& Eg A fAlSte FRESEAE
(bundle sheath cell)2} 3txz, X F-&F222 Kranz
FEN GEAEZH FARSEA o] F §8H Z (meso-
phyll celye} stdch. 847 252 Sk Z 9
z2 ol AzAde Az FHRIE et ofF
A FEstglon, ols Mz Az el AAA
7} £3) A7 s o} (Fig. 5).

2. ojMI7=H BH

2] ZAA Y F8Aze] A=z A=A
o] Av Az os Az FHel] w4 o
A velstow (Figs. 6, 7), «37)l) Ry 249 ¢
SA ¢ vEE=jol 3 naA Exsge o5
Ae dubdos A wgdd ashle YFAskT gle
o, STUAE A9 x3gsty A ¢ vk g2
A& A} (lipid droplet) & 34313} (Fig. 8). w3t
protein body 2. A =¥ wtdwtoz Eslel AX
FH9 zrl £3 [ (Figs. 7, 8). ubge
CoAE Q4= F27 dAgdz 4ex 434
714W 5 Z <l peripheral reticulum-& A 2] g
s3] okoket WiRel 9 (cuboid) f-HL2AZE
£ dE Mz vis) MEFE glel XA wid
3tx glem, Mz 4] £ 454, v2gs
ot o AzZL7RE] FAYez YAz
(Fig. 7). 53], vlgZ=gleles F3 HEXAMNZE
2} Wy = aabg Az =) 9l vjaA)

-

s QAsed FAHoR FEsgn 934 W
o] =abgiabel Tyl 719 §AE A o
<= Ao detzeolzr) Wil on (Figs. 7,9, 10),
peripheral reticulum2 A2 ¥-3=52] 94sid). -5
2AZEF QAT U AR 8z 13 ¥
& (primary pit field) 4] Z¥ = Y7} (medium cavity)
< 34 B3 A AHA} (plasmodesmata) 7}
EAM oz fA= A (Fig. 11).

o #

Cs Kranz &+ §342 9 g =zr} 74749
FREE LA 2 F2o, Salsola
collinae W33 Kranz 25 B J&F2A =23 A
HEo] 4el%9)E Wet WP Salsoloid Kranz
type ol5lom, FFA L 23 G&2AL FAL
Y pRAgzA ) & F Fozg Wi o
B e EEL H¥YAQ Kranz T2 §3E2H
230 545 A9 dAsle =g Z H2E
of FAM¥ez WdEe] Y AEaG £ =29
shdeh AR ARAZ2ZL CiKranz 729 82
% Zel @& AT At 2 A &
71BeL Az FHoz depd gsich B g7l
AE B8] U dgzdd #2452 92 Q8=
Aol deAZe) BHo) 20¢ Flov, o8 &
AL CAE HellM @8 AAsEtA (33 v
= dFERS.

A CoKranz 72 $842 JIATE
H% Er 9adoz Wdss ez YA o
(Hatch, 1987; Kim & Fisher, 1990; Dengler & Nelson,
1999). 21} oleizt Wi paerns] Cs FeHol A
gts] distedi A Tl v} giek G 4B
Kranz 3£ w724 54 2 4G4 540
o4 A $3e2 Yol 1) NADP-ME
(NADP~malic enzyme) -4-3-2 F2H o=z HFHEHx
Az 27180l AR s Tehiz) 7
o 949 A R ASAE AT dx F2H
EA L, 2) NAD-ME (NAD-malic enzyme) #3832 #
sz £71BE5 Tehte AR ASA7}
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, 3) PCK (PEP carboxykinase) §-3
RS2 EA A LS e L1RESH
A, AEZH537E M EHo) suberin
lamellag WFA|7]= Aoz <8x glc) (Hatch,
1987). Salsolas}t 7ol FHE2M X} HUYAE 3
F3tn 2eptrl AL FAFe] QA ¢ "kl
=g 7 45 5EE E3A g 2Edst
72 dgse] 9l dSME gSAYE FRAe=
2 Aol E Bojdl o5& FxAHoy ZIvAY &
el glef amyloplasts®] e FYshe o=
AE T gle}Laetsch, 1971). b o] B §AE24
xo} QA E Atojell= FARE A o)A At
vehted, ojgjdt F23 o|FHAFL Alelpg B
S 52 48] NADP-ME 3 Kranz F2A]
" Bwse) 9l} (Laetsch, 1974; Dengler & Nelson,
1999). elsh 22 qFAY F2A E3he otz
ol AlEe] Fxiel FIFo| Az mEHO
2 BPYE $YT 5 A=F =957 9% Ao
2 239} (Hatch, 1987). NAD-ME $39] $-%4
Z el 23 B2 vEZ=elrt & Egd
cristacE AYI ¢ Zler UdeiA ¢l¥=d (Hatch,
1987; Kim & Fisher, 1990), Salsola®] 342 M XL
W vlEZeele cristaert J3H oz sty
SHzel vlmste] FAZ XolB HelA] ¢
NADP-ME -3l 7}7H- BA4S ReFgich o4t
Hor {FHSM T FEIe thee] vEZT=Ee}
T GATEEAS 2502 248 9 JHRE
FTF3F= pumping station®. 2 FA = 11 )} (Hatch,
1987). whebr] Cy Al &9 fR4232 dHE T Sl
Fots MEEdde] qagd Sl gl o
Al FF4elel 72+5¥} (Laetsch, 1974; Hatch, 1987;
Kim & Fisher, 1990).

Salsola collina®) FF&2M Lo} FGEAHE Alo]g)
njEE MEzdee 53] Exe o] dygAddd
Al Bo] o] Rl FPYAES WPAQF
A BN &M EERY SRS E) FHo
2 o|FqctT YA UL, CiAE W A HHTe
FESH= 4829 84 9 71%E s
A8 BEg 977t $3P53 ok (Botha & Evert,
1988; Botha, 1992; Dengler & Nelson, 1999). =3 &
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H&z A ZHo suberin Zo] EA = #HALY
Cs A BN e BASA ¢fow (Hatch, 1987; Botha,
1992; Dengler & Nelson, 1999), S. collina f3<%x A)
M E A8 FRHA gt Salsola N EE #
LA E R A7 HEe] TAAeR wWgsla, 1
Hurt FA4HA e 3452 GEAE AU A
492 2] R F2Ad ool vehin ¢
T vEZ=gol & CiAE2 NADP-ME £-30]
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3% Kranz F2& 7} Salsola T YJHE W
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2 5% ¥ C AT A BPAAE) AHFE
CoANE e WIS 49T Aoe FEt.
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£ vt Rxsle ANEs 4 A 4& F
Hew xU% §R&x AxFo) Tem Fow
Z 7 F85E F3S52 Y A8z Ze] g
2 2994 g3 ades r5e +Yskn Q4
A& 338 5 e T2 oz dZFE Y
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g {348 N e Kranz 7223 & 5 9
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stx Tehdrl A A= glA) ebsich w9 P& HAF B QA weRl Salsola A)E2] vl
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waEe] Adch RS2 Z) A2 v EEe] gl o UXFE Aoy, T2 o|PHAAE Mol 3%
or} FEA T Aol k3, B3] o]E F HEEL 29 dSAE 7Y EALE 523 234 G A%
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FIGURE LEGENDS

Fig. 1. Transverse section of Salsola collina leaf. The O indicates two layers of chlorenchyma. CV =central vein, W = water
storage cell. Bar=0.5 mm.

Fig. 2. Higher magnification of Fig. 1 illustrating minor veins (arrow heads) adjacent to the inner bundle sheath layer. BS =
Inner chlorenchymatous bundle sheath layer, E = epidermis, M = outer chlorenchymatous mesophyll layer, W = water
storage cell. Bar =40 pm.

Fig. 3. Cross sectional view of a leaf showing water storage tissuel (W), inner bundle sheath layer (BS), outer mesophyll layer
(M), and epidermis (E). Bar =30 pm.

Fig. 4. Centripetally arranged cellular organelles in the bundle sheath layer. C =chloroplast. Bar =20 um.

Fig. 5. A druse crystal (D) frequently found in the vacuole of the water storage cell. Bar =50 um.

Fig. 6. Mesophyll cell with a large vacuole (Vc) and peripherally arranged organelles. I =intercellular space. Bar =2 um.

Fig. 7. Centripetally oriented organelles in the bundle sheath and peripheraly oriented organelles in the mesophyll cells.
Arrows indicates protein bodies. Bar = 3.5 um. Inset: closeup of a protein body (P). Bar=0.8 pm.

Fig. 8. Well-developed grana (G) in the mesophyll chloroplast. MT = mitochondria, P = protein body. Bar=1.5 pm.

Fig. 9. Bundle sheath chloroplast with numerous starch grains (S). Bar=0.9 um.

Fig. 10. Agranal thylakoids in the bundle sheath cell chloroplast. Bar=1.5 um.

Fig. 11. Branched and complicated plasmodesmata (PD) in the bundle sheath (BS) and mesophyll cell (M) interfaces. Bar =500

nm.
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